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(57) ABSTRACT

A liquid crystal grating module (3) and a two dimension-three
dimension switchable liquid crystal display device using the
same. The liquid crystal grating module (3) comprises a first
transparent electrode layer (20) and a second transparent
electrode layer (50). The first transparent electrode layer (20)
and the second transparent electrode layer (50) are provided
with interval. The first transparent electrode layer (20) com-
prises a plurality of lateral electrode bars (202,204). The
second transparent electrode layer (50) comprises a plurality
of vertical electrode bars (502,504). The lateral electrode bars
(202,204) and the vertical electrode bars (502,504) are alter-
nately superposed on each other with interval to form a grat-
ing structure. The vertical electrode bars (502,504 ) have three
different widths in the direction vertical to the liquid crystal
display pixels.
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LIQUID CRYSTAL GRATING MODULE AND
TWO DIMENSION-THREE DIMENSION
SWITCHABLE LIQUID CRYSTAL DISPLAY
DEVICE USING THE SAME

FIELD OF THE INVENTION

[0001] Theinvention relates to aliquid crystal grating mod-
ule and a two dimension-three dimension (2D/3D) switchable
liquid crystal display (LCD) device using the same.

BACKGROUND OF THE INVENTION

[0002] Real world, a three-dimensional world, provides
human eyes with two images of phase differences, and the
parallax required for the three-dimension vision gets formed
once the images come into human eyes, whereby the three-
dimensional and stereoscopic perception may be produced
through the fusion reflection from optic nerve center and
visual psychological reaction. Based on this principle, the
stereoscopic perception can be obtained when a display
device presents two images—a left image and a right image—
with phase differences to a left eye and a right eye respec-
tively.

[0003] An auto three-dimensional liquid crystal display
that is capable of switching between the modes of two dimen-
sionand three dimension appeared with the continuous devel-
opment of three-dimensional display technology, which is
referred to as the parallax barrier technology. To realize the
technology, a switching liquid crystal screen, a polarizing
film and a liquid crystal layer of polymers are needed, and a
sequence of vertical stripes perpendicular in the direction of
optical rotation are produced with the liquid crystal layer and
a layer of the polarizing film. When light goes through the
stripes with width of dozens of microns, a vertical thin stripe
grating mode, namely “parallax barrier”, gets formed. In the
three-dimensional displaying mode, it is the parallax barrier
that determines which pixels on the liquid crystal screen to be
perceived by which eye. Nontransparent stripes may obstruct
the righteye, when the images for the left eye are presented on
the liquid crystal screen; similarly, nontransparent stripes
may obstruct the left eye when the images for the right eye are
presented thereon. Turning off the liquid crystal switch, the
display may become an ordinary two-dimensional one.
[0004] However, problems still exist in the above men-
tioned auto three-dimensional liquid crystal display: three-
dimensional images can be perceived only if the line connect-
ing both eyes is perpendicular to the direction of the stripes so
as to coincide with the principle of parallax barrier, while it is
not in conformity with the principle of parallax barrier if the
line connecting both eyes is parallel to the direction of the
stripes, and the three-dimensional images cannot be obtained
in that case.

DISCLOSURE

Technical Problem

[0005] Aiming at the problem that three-dimensional
images can only be perceived in only one direction with the
two dimension-three dimension switchable liquid crystal dis-
play devices in the prior art, this invention provides a liquid
crystal grating module that can avoid color cast and can be
utilized to perceive three-dimensional images in both vertical
and horizontal directions, and provides a two dimension-
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three dimension switchable liquid crystal display device
using the liquid crystal grating module.

Technical Solution

[0006] A liquid crystal grating module, applied for two
dimension-three dimension switchable liquid crystal display
devices, comprises a first transparent electrode layer and a
second transparent electrode layer, which are provide with
interval; the first transparent electrode layer comprises a plu-
rality of lateral electrode bars, and the second transparent
layer comprises a plurality of vertical electrode bars; the
lateral electrode bars and the vertical electrode bars are alter-
nately superposed on each other with interval to form grating
structure, and the vertical electrode bars have three different
widths in the direction vertical to the liquid crystal display
pixels.

[0007] Advantageously, the vertical electrode bars com-
prise a first vertical electrode bar having two different widths
in the direction vertical to the liquid crystal display pixels.
[0008] Advantageously, the vertical electrode bars also
comprise a second vertical electrode bar; wherein the first and
second electrode bars are arranged alternately with each
other.

[0009] Advantageously, the first vertical electrode bar is
sandwiched between two second vertical electrode bars
which are both adjacent to the first vertical electrode bar.
[0010] Advantageously, the lateral electrode bars comprise
a first lateral electrode bar and a second lateral electrode bar,
which are arranged alternately with each other.

[0011] Advantageously, the first lateral electrode bar and
the second lateral electrode bar are in the shape of comb, and
the first lateral electrode bar is sandwiched between two
second lateral electrode bars which are both adjacent to the
first lateral electrode bar.

[0012] Advantageously, the first and second lateral elec-
trode bars comprise two different widths in the direction
parallel to the liquid crystal display pixels.

[0013] Advantageously, the width of the first lateral elec-
trode bar is larger than that of the second lateral electrode bar.
[0014] Advantageously, the liquid crystal grating module
further comprises a lateral electrode cable connecting the
lateral electrode bars and a vertical electrode cable connect-
ing the vertical electrode bars.

[0015] Advantageously, the lateral electrode cable com-
prises a first lateral electrode cable connecting the first lateral
electrode bar in parallel and a second lateral electrode cable
connecting the second lateral electrode bar in parallel.
[0016] Advantageously, the vertical electrode cable com-
prises a first vertical electrode cable connecting the first ver-
tical electrode bar in parallel and a second vertical electrode
cable connecting the second vertical electrode bar in parallel.
[0017] A two dimension-three dimension switchable liquid
crystal display device, comprising a liquid crystal display and
a liquid crystal grating module arranged on the liquid crystal
display; the liquid crystal grating module comprises a first
transparent electrode layer and a second transparent electrode
layer, which are provide with interval; the first transparent
electrode layer comprises a plurality of lateral electrode bars,
and the second transparent layer comprises a plurality of
vertical electrode bars; the lateral electrode bars and the ver-
tical electrode bars are alternately superposed on each other
with interval to form grating structure, and the vertical elec-
trode bars have three different widths in the direction vertical
to the liquid crystal display pixels.
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[0018] Advantageously, the vertical electrode bars com-
prise a first vertical electrode bar having two different widths
in the direction vertical to the liquid crystal display pixels.

[0019] Advantageously, the vertical electrode bars also
comprise a second vertical electrode bar; wherein the first and
second electrode bars are arranged alternately with each
other.

[0020] Advantageously, the first vertical electrode bar is
sandwiched between two second vertical electrode bars
which are both adjacent to the first vertical electrode bar.
[0021] Advantageously, the lateral electrode bars comprise
a first lateral electrode bar and a second lateral electrode bar,
which are arranged alternately with each other.

[0022] Advantageously, the first lateral electrode bar and
the second lateral electrode bar are in the shape of comb, and
the first lateral electrode bar is sandwiched between two
second lateral electrode bars which are both adjacent to the
first lateral electrode bar.

[0023] Advantageously, the first and second lateral elec-
trode bars comprise two different widths in the direction
parallel to the liquid crystal display pixels.

[0024] Advantageously, the width of the first lateral elec-
trode bar is larger than that of the second lateral electrode bar.

Advantageous Effect

[0025] In the liquid crystal grating module and the two
dimension-three dimension switchable liquid crystal display
device using the same of the present invention, the viewer can
observe some equal sub-pixel regions in the direction vertical
to the pixels of the liquid crystal display so as to avoid color
cast, for the vertical electrode bars are provided with three
different widths in the direction vertical to the pixels of the
liquid crystal display.

DESCRIPTION OF DRAWINGS

[0026] FIG. 1 is a structural schematic diagram of a two
dimension-three dimension switchable liquid crystal display
device according to a preferred embodiment of the present
invention;

[0027] FIG. 2 is a plan view of a first transparent electrode
layer in the liquid crystal grating module described in FIG. 1;
[0028] FIG. 3 is a plan view of a second transparent elec-
trode layer in the liquid crystal grating module described in
FIG. 1;

[0029] FIG.4is aschematic diagram for a displayed pattern
of the liquid crystal grating module;

[0030] FIG. 51s a partial enlarged view of part V in dotted
line in FIG. 4;
[0031] FIG. 6is a wiring schematic diagram of lateral elec-

trode cables in the liquid crystal grating module;

[0032] FIG. 7 is a wiring schematic diagram of vertical
electrode cables in the liquid crystal grating module;

[0033] FIG. 8 schematically illustrates the displaying state
of the liquid crystal grating module in the vertical direction of
the pixels of the two dimension-three dimension switchable
liquid crystal display device;

[0034] FIG.9isaschematic diagram for the obstruction of
the liquid crystal grating module in the direction of F1G. 8.
[0035] FIG. 10 schematically illustrates the pixel region
perceived by one eye of the viewer;
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[0036] FIG. 11 is schematic diagram of the displaying state
of the liquid crystal grating module in the horizontal direction
of the pixels of the two dimension-three dimension switch-
able display device;

[0037] FIG. 12 s a schematic diagram of the obstruction of
the liquid crystal grating module in the direction of FIG. 11.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0038] Below the two dimension-three dimension switch-
able liquid crystal display device of the present invention will
be explained with reference to accompanying drawings.
[0039] Pleasereferto FIG. 1, it schematically illustrates the
structure of a two dimension-three dimension switchable lig-
uid crystal display device described in this invention. The two
dimension-three dimension switchable liquid crystal display
device comprises a backlight 1, a liquid crystal display 2 and
a liquid crystal grating module 3 set on one lateral surface of
the liquid crystal display 2. With the aid of the liquid crystal
grating module 3, human eyes can perceive three-dimen-
sional images from both the direction horizontal to the liquid
crystal display 2 and the direction perpendicular to it, when
utilizing the two dimension-three dimension switchable lig-
uid crystal display device.

[0040] Theliquid crystal grating module 3 comprises a first
glass substrate 10, a first transparent electrode layer 20, a first
alignment film 30, a second alignment film 40, a second
transparent electrode layer 50, a second glass substrate 60, a
polarizer 70, a liquid crystal layer 80 and a frame 90.

[0041] The first transparent electrode layer 20 gets formed
on a lateral surface where the first glass substrate 10 is adja-
cent to the second glass substrate 60, and the first alignment
film 30 gets formed on the first transparent electrode layer 20.
The second transparent electrode layer 50 gets formed on a
lateral surface where the second glass substrate 60 is adjacent
to the first glass substrate 20, and the second alignment film
40 gets formed on the second transparent electrode layer 50.
The frame 90 is located between the first transparent elec-
trode layer 20 and the second transparent electrode layer 50,
while the liquid crystal layer 80 is contained in an enclosed
space formed by the frame, the first alignment film 30 and the
second alignment film 40.

[0042] Pleaserefer to FIG. 2, it schematically illustrates the
structure of the first transparent electrode layer 20. The first
transparent electrode layer 20 comprises a first lateral elec-
trode bar 202 and a second lateral electrode bar 204 both in
the shape of comb, which two are formed on the first trans-
parent electrode layer 20 alternately with each other, i.e. the
second lateral electrode bar 204 is sandwiched between every
two nearby first lateral electrode bars 202, and in the same
way, the first lateral electrode bar 202 is sandwiched between
every two nearby second lateral electrode bars 204. The first
lateral electrode bar 202 is set at the outermost side of the
second lateral electrode bar 204, and the second lateral elec-
trode bar 204 is set at the inner side of the first lateral electrode
bar 202; herein, some interval exists between the second
lateral electrode bar 204 and the first lateral electrode bar 202.
The widths of the first and second lateral electrode bars 202
and 204 are set to be d and e respectively, wherein d is larger
than e. The gap width between the second lateral electrode bar
204 and the first lateral electrode bar 202 is far smaller thane.
[0043] Pleaserefer to FIG. 3, it schematically illustrates the
structure of the second transparent electrode layer 50. The
second transparent electrode layer 50 comprises a first verti-
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cal electrode bar 502 and a second vertical electrode bar 504
both in the shape of comb, which two are formed on the
second transparent electrode layer 50 alternately with each
other, i.e. the second vertical electrode bar 504 is sandwiched
between every two nearby first vertical electrode bars 502,
and in the same way, the first vertical electrode bar 502 is
sandwiched between every two nearby second vertical elec-
trode bars 504. The first vertical electrode bar 502 is set at the
outermost side of the second vertical electrode bar 504, and
the second vertical electrode bar 504 is set at the inner side of
the first vertical electrode bar 502. The first vertical electrode
bar 502 and the second vertical electrode bar 504 are set
separately corresponding to the sub-pixels of the liquid crys-
tal display 2. According to FIG. 4, the first vertical electrode
bar 502 is set with three different widths, a, ¢ from left to right,
wherein, ¢ is smaller than a. The width of the second vertical
electrode bar 504 is set as b, and b is smaller than a. The
widths, a, b, and c, are not equal with each other, i.e. the first
vertical electrode bar 502 and the second vertical electrode
bar 504 have three different widths, a, b, and ¢, in the direction
vertical to the pixels of the liquid crystal display 2. The first
and second lateral electrode bars 202 and 204 as well as the
first and second vertical electrode bars 502 and 504 are alter-
nately superposed on each other with interval to form a grat-
ing structure.

[0044] Please refer to FIGS. 4 and 5, wherein, FIG. 4 is a
schematic diagram for a displayed pattern of the liquid crystal
grating module 3, and FIG. 5 is a partial enlarged view of part
V in dotted line in FIG. 4. In the liquid crystal grating module
3, the first transparent electrode layer 20 and the second
transparent electrode layer 50 are alternately superposed on
each other with interval to form a mesh arrangement, i.e.,
three widths, a, b, and c, are set on the horizontal direction,
and two widths, d and e, are set on the vertical direction.
[0045] Please refer to FIG. 6, the liquid crystal grating
module 3 further comprises a first lateral electrode cable 202a
and a second lateral electrode cable 204a. The first lateral
electrode cable 202a connects the first lateral electrode bar
202 located on the outer side of the first transparent electrode
layer 20 in parallel, while the second lateral electrode cable
202a connects the second lateral electrode bar 204 located on
the inner side of the first transparent electrode layer 20 in
parallel.

[0046] Please refer to FIG. 7, the liquid crystal grating
module 3 further comprises a first vertical electrode cable
502a and a second vertical electrode cable 504a. The first
vertical electrode cable 502a connects the first vertical elec-
trode bar 502 located on the outer side of the second trans-
parent electrode layer 50 in parallel, while the second vertical
electrode cable 504a connects the second vertical electrode
bar 504 located on the inner side of the second transparent
electrode layer 50 in parallel.

[0047] Please refer to FIG. 8, it is a schematic diagram of
the displaying state of the liquid crystal grating module in the
direction vertical to the two dimension-three dimension swit-
chable display device pixels. The displaying state of the liquid
crystal grating module 3 is as shown in FIG. 8, when a driving
voltage is exerted to the first lateral electrode bar 202, the
second lateral electrode bar 204 and the first vertical electrode
bar 502.

[0048] Please refer to FIGS. 9 and 10, wherein FIG. 9is a
schematic diagram for the obstruction of the liquid crystal
grating module 3 in the direction shown in FIG. 8, and FIG. 10
schematically shows the pixel region of the liquid crystal
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display 2 from one eye of viewer shown in FIG. 9. According
to FIG. 10, the viewer can obtain some equal sub-pixel region
in the direction vertical to the liquid crystal display pixels so
as to avoid color cast.

[0049] FIG. 11 schematically illustrates the displaying
state of the liquid crystal grating module 3 in the horizontal
direction of the two dimension-three dimension switchable
display device pixels. The schematic diagram for the display-
ing state of the liquid crystal grating module 3 as shown in
FIG. 11 can be obtained, when a driving voltage is exerted to
the first and second vertical electrode bars 502 and 504 of the
second transparent electrode layer 50 and the first lateral
electrode bar 202 of the first transparent electrode layer 20.
FIG. 12 is a schematic diagram of the obstruction of the liquid
crystal grating module 3 in the direction shown in FIG. 11.

[0050] When the two dimension-three dimension switch-
able liquid crystal display device is working, for the need of
three-dimensional displaying, light transmits through the lig-
uid crystal grating module 3 and parallax gets formed by
exerting high-low impulse voltages to the first transparent
electrode layer 20 and the second transparent electrode layer
50; for the need of two-dimensional displaying, the liquid
crystal grating module 3 becomes transparent and the paral-
lax cannot get formed on the liquid crystal display 2 by
ceasing exerting the impulse voltages to the first transparent
electrode layer 20 and the second transparent electrode layer
50, in which case the two dimension-three dimension swit-
chable liquid crystal display device can present the two-di-
mensional displaying.

[0051] In the liquid crystal grating module 3 of the present
invention, the viewer can observe some equal sub-pixel
regions in the direction vertical to the pixels of the liquid
crystal display 2 so as to avoid color cast, for the first vertical
electrode bar 502 and the second vertical electrode bar 504
are provided with three different widths that are arranged
corresponding to the sub-pixels in the direction vertical to the
pixels of the liquid crystal display.

[0052] To sum up, the liquid crystal grating module 3 and
the two dimension-three dimension switchable liquid crystal
display device using the same of the present invention can
provide three-dimensional images perceived from two direc-
tions, and can avoid color cast efficiently.

[0053] The above embodiments just show preferred imple-
mentations of the present invention, while they are not con-
sidered to limit the present invention. Various changes and
modifications can be made to this invention for those skills in
the art. All of any modifications, equivalents and improve-
ment within the spirit and principle of the present invention
should be included in the scope of protection of the present
invention.

1. A liquid crystal grating module applied for two dimen-
sion-three dimension switchable liquid crystal display
devices, wherein the liquid crystal grating module comprises
a first transparent electrode layer and a second transparent
electrode layer, which are provide with interval; the first
transparent electrode layer comprises a plurality of lateral
electrode bars, and the second transparent layer comprises a
plurality of vertical electrode bars; the lateral electrode bars
and the vertical electrode bars are alternately superposed on
each other with interval to form grating structure, and the
vertical electrode bars have three different widths in the direc-
tion vertical to the liquid crystal display pixels.
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2. The liquid crystal grating module of claim 1, wherein,
the vertical electrode bars comprise a first vertical electrode
bar having two different widths in the direction vertical to the
liquid crystal display pixels.

3. The liquid crystal grating module of claim 2, wherein,
the vertical electrode bars also comprise a second vertical
electrode bar; wherein the first and second electrode bars are
arranged alternately with each other.

4. The liquid crystal grating module of claim 3, wherein,
the first vertical electrode bar is sandwiched between two
second vertical electrode bars which are both adjacent to the
first vertical electrode bar.

5. The liquid crystal grating module of claim 4, wherein,
the lateral electrode bars comprise a first lateral electrode bar
and a second lateral electrode bar, which are arranged alter-
nately with each other.

6. The liquid crystal grating module of claim 5, wherein,
the first lateral electrode bar and the second lateral electrode
bar are in the shape of comb, and the first lateral electrode bar
is sandwiched between two second lateral electrode bars
which are both adjacent to the first lateral electrode bar.

7. The liquid crystal grating module of claim 6, wherein,
the first and second lateral electrode bars comprise two dif-
ferent widths in the direction parallel to the liquid crystal
display pixels.

8. The liquid crystal grating module of claim 7, wherein,
the width of the first lateral electrode bar is larger than that of
the second lateral electrode bar.

9. The liquid crystal grating module of claim 2, wherein,
the liquid crystal grating module further comprises a lateral
electrode cable connecting the lateral electrode bars and a
vertical electrode cable connecting the vertical electrode bars.

10. The liquid crystal grating module of claim 5, wherein,
the lateral electrode cable comprises a first lateral electrode
cable connecting the first lateral electrode bar in parallel and
a second lateral electrode cable connecting the second lateral
electrode bar in parallel.

11. The liquid crystal grating module of claim 2, wherein,
the vertical electrode cable comprises a first vertical electrode
cable connecting the first vertical electrode bar in parallel and
a second vertical electrode cable connecting the second ver-
tical electrode bar in parallel.

12. A two dimension-three dimension switchable liquid
crystal display device, comprising a liquid crystal display and
a liquid crystal grating module arranged on the liquid crystal
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display; wherein the liquid crystal grating module comprises
a first transparent electrode layer and a second transparent
electrode layer, which are provide with interval; the first
transparent electrode layer comprises a plurality of lateral
electrode bars, and the second transparent layer comprises a
plurality of vertical electrode bars; the lateral electrode bars
and the vertical electrode bars are alternately superposed on
each other with interval to form grating structure, and the
vertical electrode bars have three different widths in the direc-
tion vertical to the liquid crystal display pixels.

13. The two dimension-three dimension switchable liquid
crystal display device of claim 12, wherein, the vertical elec-
trode bars comprise a first vertical electrode bar having two
different widths in the direction vertical to the liquid crystal
display pixels.

14. The two dimension-three dimension switchable liquid
crystal display device of claim 12, wherein, the vertical elec-
trode bars also comprise a second vertical electrode bar;
wherein the first and second electrode bars are arranged alter-
nately with each other.

15. The two dimension-three dimension switchable liquid
crystal display device of claim 14, wherein, the first vertical
electrode bar is sandwiched between two second vertical
electrode bars which are both adjacent to the first vertical
electrode bar.

16. The two dimension-three dimension switchable liquid
crystal display device of claim 12, wherein, the lateral elec-
trode bars comprise a first lateral electrode bar and a second
lateral electrode bar, which are arranged alternately with each
other.

17. The two dimension-three dimension switchable liquid
crystal display device of claim 16, wherein, the first lateral
electrode bar and the second lateral electrode bar are in the
shape of comb, and the first lateral electrode bar is sand-
wiched between two second lateral electrode bars which are
both adjacent to the first lateral electrode bar.

18. The two dimension-three dimension switchable liquid
crystal display device of claim 16, wherein, the first and
second lateral electrode bars comprise two different widths in
the direction parallel to the liquid crystal display pixels.

19. The two dimension-three dimension switchable liquid
crystal display device of claim 18, wherein, the width of the
first lateral electrode bar is larger than that of the second
lateral electrode bar.
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