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(7) ABSTRACT

A liquid crystal display device with controllable viewing
angle of the present invention has an upper substrate on which
an upper substrate common electrode is disposed, a lower
substrate on which a pixel electrode is disposed, and a liquid
crystal layer sandwiched between the upper and the lower
substrates. The liquid crystal molecules are vertical to the
upper substrate when no voltage is applied, and a plurality of
strip-like lower substrate common electrodes are disposed on
the lower substrate and arranged in parallel substantially. The
upper substrate common electrode and the pixel electrode
provide an electric field perpendicular to the upper substrate,
to form a first viewing angle mode when a voltage is applied,
the lower substrate common electrode and the pixel electrode
provide an electric field perpendicular to the upper substrate
to form a second viewing angle mode when a voltage is
applied.
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LIQUID CRYSTAL DISPLAY DEVICE WITH
CONTROLLABLE VIEWING ANGLE AND
DRIVING METHOD THEREOF

[0001] This application is a continuation-in-part of U.S.
patent application Ser. No. 12/866,197, filed on Aug. 5, 2010,
which is a Section 371 National Stage Application of Inter-
national Application No. PCT/CN2009/070566, filed Feb.
27,2009, which claims the priority of Chinese Patent Appli-
cation No. 200810034193.7, filed with the Chinese Intellec-
tual Property Office on Mar. 4, 2008, entitled “Liquid Crystal
Display Device with Controllable Viewing Angle and Driving
Method thereof”, both of which are incorporated herein by
reference in their entirety.

FIELD OF INVENTION

[0002] The present invention generally relates to a liquid
crystal display device and a driving method thereof, and more
particularly to a liquid crystal display which is capable of
switching viewing angle and a driving method thereof.

BACKGROUND OF THE INVENTION

[0003] In recent vears, liquid crystal display device is
widely used to display information on the electronic products
due to it is light and thin, and lower power consumption.

[0004] Liquidcrystal display devices may be classified into
two kinds as wide viewing angle and narrow viewing angle
according to the range of viewing angle. Generally, there is a
constraint on the viewing angle for the conventional Twisted
Nematic (TN) liquid crystal display, i.e., the displayed con-
tents may be seen clearly only at a specific viewing angle. To
alleviate the constraint on the viewing angle of the liquid
crystal display, and to make the user see the displayed con-
tents clearly at any angle, there have proposed various tech-
nologies about wide viewing angle in the prior art, such as
attaching viewing angle compensation film to the Liquid
Crystal Display, Multi- domain Vertical Alignment Liquid
Crystal Display, In-Plane-Switching Liquid Crystal Display.
Although widening viewing angle technologies become the
trend in theart, in some applications of liquid crystal displays,
it is expected to constrain the viewing angle, such that user
may see the images on the liquid crystal displays just at a
specific angle to protect privacy.

[0005] 1Inthe prior art, a liquid crystal display with control-
lable viewing angle has been discussed. In Chinese Patent
Application Publication CN1991466A, a modulation elec-
trode is added to the In-Plane-Switching Liquid Crystal Dis-
play (in IPS display mode or FFS display mode) to achieve a
conversion from wide viewing angle to narrow viewing angle.
The viewing angle conversion liquid crystal display performs
the conversion between a wide viewing angle and a narrow
viewing angle, and therefore the wide viewing angle or the
narrow viewing angle may be obtained respectively on the
same liquid crystal display according to different require-
ments.

[0006] The prior art described above are all regard to the
switch between the wide viewing angle and the narrow view-
ing angle. Although the technology for switching between the
wide viewing angle and the narrow viewing angle may meet
the requirements on safety and privacy, it may not meet the
requirement on the diversification of viewing angle direc-
tions.
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SUMMARY OF THE INVENTION

[0007] An object of the present invention is to provide a
liquid crystal display device with controllable viewing angle
which may obtain various viewing angle directions easily
depending on different requirements.

[0008] An other object of the present invention is to provide
a driving method for a liquid crystal display device with
controllable viewing angle, the viewing angle of the liquid
crystal display device may be adjusted simply depending on
different requirements by the method.

[0009] In order to solve above problems, the liquid crystal
display device with controllable viewing angle according to
the present invention includes a upper substrate on which an
upper substrate common electrode is disposed, a lower sub-
strate parallel to the upper substrate, on which a pixel elec-
trode is disposed, and a liquid crystal layer sandwiched
between the upper substrate and the lower substrate, the lig-
uid crystal molecules are perpendicular to the upper substrate
in substance when no voltage is applied, and a plurality of
strip-like lower substrate common electrodes disposed on the
lower substrate and arranged in parallel substantially,
wherein the upper substrate common electrode and the pixel
electrode provide an electric field perpendicular to the upper
substrate in order to form a first viewing angle mode when a
voltage is applied to the upper substrate common electrode
and the pixel electrode. The lower substrate common elec-
trode and the pixel electrode provide an electric field perpen-
dicular to the upper substrate and an electric field parallel to
the upper substrate in order to form a second viewing angle
mode when a voltage is applied to the lower substrate com-
mon electrode and the pixel electrode.

[0010] A driving method for the liquid crystal display
device with controllable viewing angle is provided according
to the invention, which includes following steps: applying a
voltage to the upper substrate common electrode and the pixel
electrode to generate an electric field perpendicular to the
upper substrate and thus provide a first viewing angle mode;
applying a voltage to the lower substrate common electrode
and the pixel electrode to generate an electric field perpen-
dicular to the upper substrate and an electric field parallel to
the upper substrate and thus provide a second viewing angle
mode; and switching the first viewing angle mode and the
second viewing angle mode by selectively applying the volt-
age to the upper substrate common electrode or the lower
substrate common electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a sectional diagram of a liquid crystal
display device with controllable viewing angle according to
the present invention;

[0012] FIG. 2is a diagram of the polarization direction and
the liquid crystal orientation direction in the initial state of the
liquid crystal display device with controllable viewing angle
according to the present invention;

[0013] FIG. 3is a diagram of the state of the electrode when
the liquid crystal display device with controllable viewing
angle according to the present invention is in 6 o’clock view-
ing angle direction;

[0014] FIG. 41s a top diagram of the arrangement of liquid
crystal molecules in the case of the application of a voltage
when the liquid crystal display device with controllable view-
ing angle according to the present invention is in 6 o’clock
viewing angle direction;
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[0015] FIG. 5 is a sectional view of the top diagram of the
arrangement of liquid crystal molecules in the case of the
application of a voltage when the liquid crystal display device
with controllable viewing angle according to the present
invention is in 6 o’clock viewing angle direction;

[0016] FIG. 6 is a viewing angle characteristic simulation
diagram when the liquid crystal display device with control-
lable viewing angle according to the present invention is in 6
o’clock viewing angle direction;

[0017] FIG.7is a diagram of the state of the electrode when
the liquid crystal display device with controllable viewing
angle according to the present invention is in 9 o’clock view-
ing angle direction;

[0018] FIG. 8isa top diagram of the arrangement of liquid
crystal molecules in the case of the application of a voltage
when the liquid crystal display device with controllable view-
ing angle according to the present invention is in 9 o’clock
viewing angle direction;

[0019] FIG. 9 is a sectional view of the top diagram of the
arrangement of liquid crystal molecules in the case of the
application of a voltage when the liquid crystal display device
with controllable viewing angle according to the present
invention is in 9 o’clock viewing angle direction; and
[0020] FIG. 10 is a viewing angle characteristic simulation
diagram when the liquid crystal display device with control-
lable viewing angle according to the present invention is in 9
o’clock viewing angle direction.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0021] The embodiments of the present invention will be
described in detail with reference to the accompanying draw-
ings.

[0022] FIG. 1 is a sectional diagram of a liquid crystal

display device with controllable viewing angle according to
the present invention. As shown in FIG. 1, the liquid crystal
display device with controllable viewing angle according to
the present invention includes a lower glass substrate 102 and
an upper glass substrate 101. A pixel electrode 105 is formed
on the upper surface of the lower glass substrate 102, an
insulation layer 106 is deposited on the pixel electrode 105,
and a lower substrate common electrode 104 is formed on the
insulation layer 106; an upper substrate common electrode
103 is formed on the upper glass substrate 101; and a liquid
crystal layer 107 is filled between the upper substrate com-
mon electrode 103 and the lower substrate common electrode
104, the liquid crystal molecules in the liquid crystal layer
107 have negative dielectric anisotropy. In the initial state, no
voltage applied, the liquid crystal molecules in the liquid
crystal layer 107 are arranged perpendicular to the upper
glass substrate 101 and the lower glass substrate 102. In a
preferred embodiment of the present invention, the lower
substrate common electrode 104, the upper substrate com-
mon electrode 103 and the pixel electrode 105 are all trans-
parent electrodes, for example transparent conductive layers
formed by tin indium oxide (ITO), indium zine oxide (IZ0),
or indium gallium oxide (IGO). The insulation layer 106 may
be a transparent protecting layer, such as silicon oxide or
organic material layer. As the liquid crystal display device
with controllable viewing angle according to the present
invention adopts a display mode similar to the In-Plane-
Switching, the lower substrate common electrode 104 is pre-
ferred configured to be only formed portions above of the
pixel electrode 105. For example, the lower substrate com-
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mon electrode 104 is formed to be lines of protuberances
which are arranged in the same direction and there is a certain
interval between adjacent lines to expose portions of the
surface of the pixel electrode 105.

[0023] FIG. 2 is a diagram of the polarization direction of
polars and orientation direction of liquid crystal molecules of
the liquid crystal display device with controllable viewing
angle according to the present invention. As shown in FIG. 2,
in a preferred embodiment of the present invention. the ori-
entation of the liquid crystal molecules is perpendicular to the
upper substrate. The liquid crystal molecules are made to
have a pretilt angle of 88 degree by friction process, wherein
the tilting direction is indicated by 202, and the angle between
202 and the direction 201 of the short side of the pixel is 5
degree. The absorption axis direction of the polarization plate
of the upper substrate is indicated by 203, and the angle
between 203 and the direction 201 of the short side of the
pixel is 45 degree; the absorption axis direction of the polar-
ization plate of the lower substrate is indicated by 204, and the
angle between 204 and the direction 201 of the short side of
the pixel is 135 degree, thus the absorption axes of the polar-
ization plates of the upper substrate and the lower substrate
are orthogonal.

[0024] FIG. 3is a diagram of the state of the electrode when
the liquid crystal display device with controllable viewing
angle according to the present invention is in the second
viewing angle mode (6 o’clock viewing angle direction). As
shown in FIG. 3, the liquid crystal display device with con-
trollable viewing angle according to the present invention is
operated in the 6 o’clock viewing angle direction mode
(lower viewing angle mode), thus the liquid crystal display
device with controllable viewing angle may obtain a high
contrast only in the 6 o’clock direction, and a remarkable
optical performance difference, such as serious gray scale
inversion, is generated in other viewing angles, such that the
image can not be seen clearly. To provide the 6 o’clock
viewing angle direction, when the liquid crystal display
device with controllable viewing angle according to the
present invention 1s operating in the 6 o’clock viewing angle
direction mode, a perpendicular electrical field and a horizon-
tal electrical field are generated in the liquid crystal layer 107
by the pixel electrode 105 and the lower substrate common
electrode 104, for example, by applving a driving voltage V to
the pixel electrode 105, connecting the lower substrate com-
mon electrode 104 to the ground, and floating the upper
substrate common electrode 103, to control the redirection of
the liquid crystal such that the liquid molecules in the liquid
crystal layer 107 deflect towards the direction perpendicular
to the perpendicular electrical field and the horizontal elec-
trical field (the liquid crystal molecules in the liquid crystal
layer 107 have negative dielectric anisotropy), and parallel to
the upper glass substrate 101 and the lower glass substrate
102.

[0025] As showed in FIG. 3, when there is no voltage
applied, the liquid crystal molecules are arranged perpen-
dicular to the upper glasses substrate 101 and the lower glass
substrates 102, the polarization plates are attached to the
upper glass substrate 101 and the lower glass substrate 102
with the absorb axes of the polarization plates vertical to each
other, the liquid crystal display is in a dark state. When there
is a voltage applied between the pixel electrode 105 and the
lower substrate common electrode 104, the liquid molecules
in the liquid crystal layer 107 deflect towards the direction
perpendicular to the perpendicular electrical field and the
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horizontal electrical field, that is, towards the strip direction
of the lower substrate common electrode, thus an angle
between the falling direction and the absorption axes of the
upper and lower polarization plates is 45 degree, the liquid
crystal display is in a light state.

[0026] Reference to FIGS. 4 and 5, FIG. 4 shows the
arrangement direction distribution diagram of the liquid crys-
tal molecules in the case of the application of a voltage when
the liquid crystal display device with controllable viewing
angleis in 6 o’clock viewing angle direction and FIG. 5 shows
asectional diagram taken along line AA'in the FIG. 4. FIG. 6
shows a viewing angle characteristic simulation diagram in
the 6 o’clock viewing angle direction mode.

[0027] FIG. 7 shows a diagram of the first viewing angle
mode (9 o’clock viewing angle direction mode). As shown in
FIG. 7, the liquid crystal display device with controllable
viewing angle according to the present invention is operated
in the 9 o’clock viewing angle direction mode (left viewing
angle mode), thus a high contrast may be obtained only in the
9 o’clock direction, and a remarkable optical performance
difference, such as serious gray scale inversion, is generated
in other viewing angles, such that the image can not be seen
clearly. To achieve the object, when the liquid crystal display
device with controllable viewing angle according to the
present invention is operating in the 9 o’clock viewing angle
direction mode, a perpendicular electrical field is generated in
the liquid crystal layer 107 by the pixel electrode 105 and the
upper substrate common electrode 103, for example, by
applying a driving voltage V to the pixel electrode 105, con-
necting the upper substrate common electrode 103 to the
ground, and floating the lower substrate common electrode
104 to control the redirection of the liquid crystal such that the
liquid molecules in the liquid crystal layer 107 deflect
towards the pretilt direction 202. When there is no voltage
applied, the liquid crystal molecules are arranged perpen-
dicular, the polarization plates are attached to the upper sub-
strate 101 and the lower glass substrate 102 orthogonally,
which is in a dark state; when there is a voltage applied
between the pixel electrode 105 and the upper substrate com-
mon electrode 103, the liquid molecules deflect towards the
pretiltdirection 202 (the liquid crystal molecules in the liquid
crystal layer 107 have negative dielectric anisotropy), and
parallel to the upper glass substrate 101 and the lower glass
substrate 102, that is, deflect perpendicular to the strip direc-
tion on the lower substrate common electrode, and an angle
between the falling direction and the absorption axis of the
upper polarization plate is 40 degree, an angle between the
falling direction and the absorption axis of the lower polar-
ization plate is 130 degree, which is in a light state.

[0028] Reference to FIGS. 8 and 9, FIG. 8 shows the
arrangement direction distribution diagram of the liquid crys-
tal molecules to which a voltage is applied in the 9 o’clock
viewing angle direction mode and FIG. 9 shows a sectional
diagram taken along line AA' in the FIG. 8. FIG. 10 shows a
viewing angle characteristic simulation diagram in the 9
viewing angle direction mode.

[0029] Those skilled in the art will recognize that a dark
region in the 6 o’clock direction in FIG. 6 is a viewing angle
region with a contrast larger than 10; and a dark region in the
9 o’clock direction in FIG. 9 also is a viewing angle region
with a contrast larger than 10.

[0030] According to the above embodiments, those ordi-
narily skilled in the art can make some general modifications.
For example, the absorption axis direction 203 of the polar-
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ization plate of the upper substrate, the absorption axis direc-
tion 204 of the polarization plate of the lower substrate and
the direction of the lower substrate common electrode 104
can be adjusted; or the absorption axis direction 203 of the
polarization plate of the upper substrate, the absorption axis
direction 204 of the polarization plate of the lower substrate
and the tilting direction 202 of the liquid crystal molecules
can be adjusted; or the tilting direction 202 of the liquid
crystal molecules and the direction of the lower substrate
common electrode 104 can be adjusted. In addition, combin-
ing with adjusting the pretilt angle of the liquid crystal mol-
ecules, the angle between the viewing direction of the first
viewing angle mode and the viewing direction of the second
viewing angle mode is adjusted to be larger than 0 degree and
smaller than 180 degree by changing the tilting direction 202
of the liquid crystal molecules. The above modifications and
alterations which fall within the scope of the invention. The
direction of the first viewing angle mode and the direction of
the second viewing angle mode which is obtained by the
modifications and the experiment fall within the scope of the
invention.

[0031] Those ordinarily skilled in the art should appreciate
that various modifications and alterations can be made herein
without departing from the spirit and scope of the invention.
Therefore, it is to be understood that the invention includes all
such modifications and alterations which fall within the scope
of the appended claims and the substitutions.

What is claimed is:

1. A liquid crystal display device comprising:

an upper substrate on which an upper substrate common

electrode is disposed,

a lower substrate parallel to the upper substrate on which a

pixel electrode is disposed, and

a liquid crystal layer sandwiched between the upper sub-

strate and the lower substrate, the liquid crystal mol-
ecules are arranged perpendicular to the upper substrate
in substance when no voltage is applied,

wherein a plurality of strip-like lower substrate common

electrodes are disposed on the lower substrate and
arranged in parallel substantially, and

wherein the upper substrate common electrode and the

pixel electrode provide an electric field perpendicular to
the upper substrate when a voltage is applied to the upper
substrate common electrode and the pixel electrode to
form a first viewing angle mode, and the lower substrate
common electrode and the pixel electrode provide an
electric field perpendicular to the upper substrate and an
electric field parallel to the upper substrate when a volt-
age 1s applied to the lower substrate common electrode
and the pixel electrode to form a second viewing angle
mode,

wherein the dielectric anisotropy of the liquid crystal mol-

ecules is negative,

wherein there is an angle between a viewing direction of

the first viewing angle mode and a viewing direction of
the second viewing angle mode.

2. The liquid crystal display device according to claim 1,
wherein an insulation layer is disposed between the lower
substrate common electrode and the pixel electrode.

3. The liquid crystal display device according to claim 1,
wherein the angle between the viewing direction of the first
viewing angle mode and the viewing direction of the second
viewing angle mode is larger than 0 degree and smaller than
180 degree.
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4. The liquid crystal display device according to claim 3,
wherein the viewing direction of the first viewing angle mode
is substantially perpendicular to that of the second viewing
angle mode.

5. The liquid crystal display device according to claim 1,
wherein the first viewing angle mode is a left viewing angle
mode, and the second viewing angle mode is a lower viewing
angle mode.

6. The liquid crystal display device according to claim 1,
wherein the upper substrate common electrode, the lower
substrate common electrode and the pixel electrode are all
transparent electrodes.

7. The liquid crystal display device according to claim 6,
wherein the transparent electrode includes one of ITO, IZO
and IGO or a combination thereof.

8. The liquid crystal display device according to claim 1,
wherein polarization plates are attached to outside of the
upper substrate and the lower substrate respectively, and the
direction of absorption axis of the polarization plate attached
to the upper substrate is vertical to the direction of absorption
axis of the polarization plate attached to the lower substrate.

9. A driving method for a liquid crystal display device, the
liquid crystal display device comprising:

an upper substrate on which an upper substrate common

electrode is disposed,

a lower substrate parallel to the upper substrate on which a

pixel electrode is disposed, and

a liquid crystal layer sandwiched between the upper sub-

strate and the lower substrate, liquid crystal molecules
are perpendicular to the upper substrate in substance
when no voltage is applied,

wherein a plurality of strip-like lower substrate common

electrodes are disposed on the lower substrate and
arranged in parallel substantially,
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the driving method comprising the following steps:

applying a voltage to the upper substrate common elec-

trode and the pixel electrode to generate an electric field
perpendicular to the upper substrate and thus provide a
first viewing angle mode;

applying a voltage to the lower substrate common elec-

trode and the pixel electrode to generate an electric field
perpendicular to the upper substrate and an electric field
parallel to the upper substrate and thus provide a second
viewing angle mode; and

switching between the first viewing angle mode and the

second viewing angle mode by selectively applying the
voltage to the upper substrate common electrode or the
lower substrate common electrode,

wherein there is an angle between a viewing direction of

the first viewing angle mode and a viewing direction of
the second viewing angle mode.

10. The driving method for a liquid crystal display device
according to claim 9, wherein the angle between the viewing
direction of the first viewing angle mode and the viewing
direction of the second viewing angle mode is larger than 0
degree and smaller than 180 degree.

11. The driving method for a liquid crystal display device
according to claim 10, wherein the direction of the first view-
ing angle mode is substantially perpendicular to that of the
second viewing angle mode.

12. The driving method for a liquid crystal display device
according to claim 9, wherein the lower substrate common
electrode is floated when the voltage is applied to the upper
substrate common electrode and the pixel electrode; and the
upper substrate common electrode is floated when the voltage
is applied to the lower substrate common electrode and the
pixel electrode.
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