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(57) ABSTRACT

A liquid crystal grating, a 3D touch display device and a
driving method of the liquid crystal grating are provided. The
liquid crystal grating including a first substrate; a second
substrate, disposed opposite to the first substrate; a liquid
crystal layer, filled between the first substrate and the second
substrate; a touch electrode layer, located on a side of the first
substrate that faces the liquid crystal layer; and a planar
electrode, located on a side of the second substrate that faces
the liquid crystal layer, wherein the touch electrode layer
includes a plurality of strip-shaped electrodes parallel to each
other and arranged separately at a set distance, and the strip-
shaped electrodes in the touch electrode layer are divided into
at least two touch electrode units that are not electrically
connected to each other by a set rule of pattern division, for
any one of the touch electrode units, when an external con-
ductive object touches different positions of the touch elec-
trode unit by way of single-point touch, variation of capaci-
tance formed between the touch electrode unit and the
external conductive object differs from one another.

15 Claims, 4 Drawing Sheets
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LIQUID CRYSTAL GRATING, 3D TOUCH
DISPLAY DEVICE AND DRIVING METHOD
OF LIQUID CRYSTAL GRATING

TECHNICAL FIELD

Embodiments of the present invention relate to a liquid
crystal grating, a Three-Dimensional (3D) touch display
device and a driving method of the liquid crystal grating.

BACKGROUND

The 3D stereoscopic display technology includes glasses-
type 3D display and naked-eye 3D display. Herein, a 3D
effect can be achieved by the naked-eye 3D display without
any visual-aid equipment. Among the naked-eye 3D display,
a 3D display device based on a liquid crystal grating has got
a lot of attentions owing to its merits of simple structure,
relatively compatible with liquid crystal process, good per-
formance, etc., in which, generally, it is based on binocular
parallax and the principle of light-splitting by a grating struc-
ture that a 3D stereoscopic display effect 1s achieved by the
3D display device based on the liquid crystal grating, which
usually includes a display and a liquid crystal grating dis-
posed on a light exiting side of the display.

In recent years, a 3D display device with a touch function
has attracted more and more concern, and an existing con-
struction of the 3D display device with the touch function is
that, a touch screen is directly provided on a light exiting side
of the 3D display device. For a 3D display device based on a
liquid crystal grating, a 3D touch display device based on the
liquid crystal grating is fabricated by means of providing an
add-on touch screen on a light exiting side of the liquid crystal
grating of the 3D display device.

As shown in FIG. 1, which is a structurally schematic view
illustrating the 3D touch display device based on the liquid
crystal grating in prior art, the 3D touch display device
includes a 3D display device 11 and a touch screen 12 located
on top of the 3D display device to serve as an add-on, in
which, the 3D display device 11 includes a display 21 and a
liquid crystal grating 22 disposed on top of the display 21,
further, the liquid crystal grating 22 includes a first substrate
221, a second substrate 222, a liquid crystal layer 223 filled
between the first substrate 221 and the second substrate 222,
and strip-shaped electrodes 224 that are located on a side of
the first substrate 221 facing the liquid crystal layer 223,
parallel to each other and arranged separately at a first preset
distance and a planar electrode 225 located on a side of the
second substrate 222 facing the liquid crystal layer 223.
Herein, FIG. 2 is a structurally top view illustrating the strip-
shaped electrodes 224 on the first substrate 221. Further, the
touch screen 12 may include a conductive layer, a first insu-
lating layer, a touch electrode layer, a second insulating layer,
a protective layer, and the like (not shown in F1G. 1).

As can be seen from FIG. 1, a structure of the 3D touch
display device achieved by using the above method is thicker,
so that the display effect of the 3D touch display device is not
good, and furthermore, a manufacturing process correspond-
ing to it is relatively complex, and production cost of the
process is relatively high.

SUMMARY

According to embodiments of the invention, there are pro-
vided a liquid crystal grating, a 3D touch display device and
a driving method of the liquid crystal grating, which enable

10

20

25

35

40

45

60

65

2

the 3D touch display device to achieve a good display effect,
and to have a simple manufacturing process and a reduced
cost.

According to an embodiment of the invention, there is
provided aliquid crystal grating, comprising: a first substrate;
a second substrate, disposed opposite to the first substrate; a
liquid crystal layer, filled between the first substrate and the
second substrate; a touch electrode layer, located on a side of
the first substrate that faces the liquid crystal layer; and a
planar electrode, located on a side of the second substrate that
faces the liquid crystal layer, wherein the touch electrode
layer includes a plurality of strip-shaped electrodes parallel to
each other and arranged separately at a set distance, and the
strip-shaped electrodes in the touch electrode layer are
divided into at least two touch electrode units that are not
electrically connected to each other by a set rule of pattern
division, for any one of the touch electrode units, when an
external conductive object touches different positions of the
touch electrode unit by way of single-point touch, variation of
capacitance formed between the touch electrode unit and the
external conductive object differs from one another.

According to an embodiment of the invention, there is
provided a 3D touch display device, comprising: a display;
and a liquid crystal grating, disposed on a light exiting side of
the display, wherein the liquid crystal grating is the above
liquid crystal grating provided by the embodiment of the
invention.

According to an embodiment of the invention, there is
provided a driving method of the liquid crystal grating
according to the embodiment of the invention, comprising:
when the liquid crystal grating is in an operating state, a
planar electrode in the liquid crystal grating is grounded, and
driving strip-shaped electrodes in the liquid crystal grating by
way of time-division driving.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to clearly illustrate the technical solution of the
embodiments of the invention, the drawings of the embodi-
ments will be briefly described in the following; it is obvious
that the described drawings are only related to some embodi-
ments of the invention and thus are not limitative of the
invention.

FIG. 11s a structural cross-sectional view illustrating a 3D
touch display device based on a liquid crystal grating in prior
art,

FIG. 2 is a structural top view illustrating strip-shaped
electrodes on a first substrate in the 3D touch display device
based on the liquid crystal grating in prior art as shown in FIG.
1

FIG. 3 is a structural cross-sectional view illustrating a
liquid crystal grating according to an embodiment of the
invention;

FIG. 4 is a structural top view illustrating a touch electrode
layer on a first substrate of the liquid crystal grating in accor-
dance with an embodiment of the invention;

FIG. 5 is a structural cross-sectional view illustrating a 3D
touch display device in accordance with an embodiment of
the invention; and

FIG. 6 is a structural cross-sectional view illustrating
another 3D touch display device in accordance with an
embodiment of the invention.

FIG. 7 is a structural top view illustrating a touch electrode
layer on a first substrate of the liquid crystal grating in accor-
dance with an embodiment of the invention.

DETAILED DESCRIPTION

In order to make objects, technical details and advantages
of the embodiments of the invention apparent, the technical
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solutions of the embodiment will be described in a clearly and
fully understandable way in connection with the drawings
related to the embodiments of the invention. It is obvious that
the described embodiments are just a part but not all of the
embodiments of the invention. Based on the described
embodiments herein, those skilled in the art can obtain other
embodiment(s), without any inventive work, which should be
within the scope of the invention.

A First Embodiment

AsshowninFIG. 3, aliquid crystal grating according to the
first embodiment of the invention includes: a first substrate
31; a second substrate 32; and a liquid crystal layer 33 filled
between the first substrate 31 and the second substrate 32. It
further includes: a touch electrode layer 34, located on a side
of the first substrate 31 that faces the liquid crystal layer 33;
and a planar electrode 35 located on a side of the second
substrate 32 that faces the liquid crystal layer 33.

Exemplarily, FIG. 4 is a structural top view illustrating the
touch electrode layer 34 located on the first substrate 31. As
shown in FIG. 4, the touch electrode layer 34 includes at least
two strip-shaped electrodes 3411 parallel to each other and
arranged separately at a set distance, and the strip-shaped
electrodes 3411 in the touch electrode layer 34 are divided
into at least two touch electrode units 341 that are not elec-
trically connected to each other by a set rule of pattern divi-
sion.

For any one touch electrode unit 341, when an external,
conductive object (such as a human’s finger, or the like)
touches different positions of the touch electrode unit 341 by
way of single-point touch, variation of capacitance formed
between the touch electrode unit 341 and the external, con-
ductive object differs from one another.

It 1s to be noted that, the set distance needs to be set
according to actual circumstances, as long as the 3D display
effect can be achieved. Embodiments of the invention do not
set any limit to this. Generally speaking, the set distance may
be half of width of one sub-pixel in a display, so as to achieve
the 3D display effect. It is to be noted additionally that, with
respect to any strip-shaped electrode 3411 in the touch elec-
trode layer 34, the strip-shaped electrode 3411 may be
divided into at least two strip-shaped sub-electrodes 3412 by
a set rule of pattern division, wherein, strip-shaped sub-elec-
trodes 3412 belonging to the same strip-shaped electrode
3411 will be located in different touch electrode units 341,
and not be electrically connected to each other.

Further, with respect to any two touch electrode units 341
located on the first substrate 31, the shape taken by the two
touch electrode units 341 may be the same or different, to
which no any limit will be set by embodiments of the inven-
tion. Further, the shape taken by the touch electrode units 341
may be a triangle (or approximately be a triangle), a trap-
ezoid, or the like, to which no any limit will be set by embodi-
ments of the invention, and each touch electrode unit 341
includes at least two strip-shaped sub-electrodes 3412 paral-
lel to each other and arranged separately at a set distance.

Exemplarily, a structure of the touch electrode layer 34 in
embodiments of the invention will be further described below
with reference to an example that is a structural top view
illustrating the touch electrode layer 34 located on the first
substrate 31 shown in FIG. 4.

In the structural top view of the touch electrode layer 34
shown in FIG. 4, the first substrate 31 has a quadrate configu-
ration, and strip-shaped electrodes 3411 located on the first
substrate 31 are arranged separately from and in parallel to
each other in a horizontal direction on the premise that they
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are kept in a vertical status, wherein, the horizontal direction
is a direction parallel to a longer side of the first substrate 31.
Tt is to be noted that, the strip-shaped electrodes 3411 may
also be arranged in any other direction according to actual
requirements, to which no any limit will be made by embodi-
ments of the invention.

Further, generally speaking, a pattern formed after combi-
nation oftouch electrode units 341 may cover the whole touch
electrode layer 34, and a shape of the touch electrode layer 34
is approximately the same as a shape of the first substrate 31
in general, and therefore, in the structural schematic view of
the touch electrode layer 34 shown in FIG. 4, on the premise
that the first substrate 31 has the quadrate configuration and
the strip-shaped electrodes 3411 are kept in a vertical status
and arranged separately in a horizontal direction, the pattern
formed after combination of the strip-shaped electrode units
341 also has a quadrate configuration. Accordingly, in the
event that the pattern formed after combination of the touch
electrode units 341 is assured of being quadrate, shapes taken
by any two touch electrode units 341 may be the same or
different. For example, a shape taken by the touch electrode
unit 341 may be a triangle, a trapezoid. or the like, to which no
any limit will be made by embodiments of the invention.

Exemplarily, in the structural schematic view of the touch
electrode layer 34 shown in FIG. 4, a set shape taken by each
touch electrode unit 341 is a right triangle, and moreover, a
non-isosceles right triangle.

Further, in embodiments of the invention, for any touch
electrode unit 341, strip-shaped sub-electrodes 3412 in the
touch electrode unit 341 are electrically connected to each
other. Specifically, an electrical connection between the strip-
shaped sub-electrodes 3412 in the touch electrode unit 341
can be achieved by acommon electrode 36 that is located at an
edge of the first substrate 31 and corresponds to the touch
electrode unit 341 (as shown in FIG. 4); wherein, the common
electrode 36 serves to apply an unified operating signal to the
strip-shaped sub-electrodes 3412 in the corresponding touch
electrode unit 341.

It is to be noted that, in embodiments of the invention, each
of the strip-shaped electrodes 3411, the planar electrode 35
and the common electrode 36 may be made from ITO (Indium
Tin Oxide) or a transparent conductive material similar to
ITO, such as AZO (Al doped Zinc Oxide), to which no any
limit will be made by embodiments of the invention.

It is to be noted additionally that, in embodiments of the
invention, the planar electrode 35 is a whole piece of elec-
trode of a conductive film type, and when the liquid crystal
grating is in a 3D or 2D operating state, the planar electrode
35 is grounded to serve the function of a protective layer, so
that interference of a signal for the display to a signal fora3D
liquid crystal grating signal and a touch signal can be reduced.

The liquid crystal grating may further include: a first polar-
izer 37 located on a side of the first substrate 31 that faces
away from the liquid crystal layer 33; and a second polarizer
38 located on a side of the second substrate 32 that faces away
from the liquid crystal layer 33, wherein, directions of trans-
mission axes of the first polarizer 37 and the second polarizer
38 are perpendicular or parallel to each other.

Hereinafter, the operating principle of the liquid crystal
grating according to embodiments of the present invention
will be briefly described.

In an embodiment of the invention, when the liquid crystal
grating is in a operating state, the planar electrode in the liquid
crystal grating is grounded, and the strip-shaped electrodes in
the liquid crystal grating is driven in a time-division driving
mode, that is, each drive cycle is divided into a display time
and a touch time. In the display time, a drive signal that can be
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used to achieve a 3D or 2D image display is applied to each
strip-shaped electrode; and in the touch time, a drive signal
that can be used to realize a touch function is applied to each
strip-shaped electrode.

For example, in a product with a 60 HZ operating fre-
quency, the time of one frame (drive cycle) is V6o (s)=16.67
ms, and 12 ms in the former part of 16.67 ms (a first time) may
be acted as the display time, for achieving the 3D or 2D image
display; and 4.67 ms in the latter part (a second time) may be
acted as the touch time, for realizing the touch function.

Exemplarily, when the liquid crystal grating is in a 3D
operating state, on condition that the planar electrode is
assured of being grounded, within the first times of any two
adjacent drive cycles, nonzero constant voltages with the
same amplitude and opposite polarities are respectively
applied to the strip-shaped electrodes of the liquid crystal
grating. For example, voltages of +5V are input to the strip-
shaped electrodes, and alternate one frame by one frame, +5V
is input at a first frame, and -5V is input at the next frame, so
as to ensure that polarity of liquid crystal is reversed to guar-
antee activity of the liquid crystal. In this case, a certain
voltage difference (e.g. 5V) can be formed between the strip-
shaped electrodes and the planar electrode, and thus, it will
allow the liquid crystal to be arranged along the strip-shaped
electrodes under the action of an electric field, and light is
diffracted by slits between the strip-shaped electrodes and
exits, so as to form alternate bright and dark stripes. When a
3D display signal is input, a 3D display effect can be realized.

Further, when the liquid crystal grating is in a 3D operating
state, within the second time of each the drive cycle, apositive
constant voltage having a nonzero amplitude is applied to the
strip-shaped electrodes of the liquid crystal grating. For
example, a constant voltage of +5V is input to the strip-
shaped electrodes. At this time, when a finger or other exter-
nal, conductive object touches a certain position of a strip-
shaped electrode, a position of a touch point can be
determined according to variation in capacitance between it
and the strip-shaped electrode. Specifically, the liquid crystal
grating provided by embodiments of the invention is a self-
induced touch liquid crystal grating (with reference to an
example in which the set shape taken by each touch electrode
unit 341 is a nonisosceles right triangle shown in FIG. 4). In
view of this, when a finger contacts any touch electrode unit
341, a contact area between a finger and the touch electrode
unit 341 is changed continually (increased gradually) as it
moves from a vertex corresponding to a shorter right-angle
side of the right triangle to the shorter right-angle side of the
right triangle, which causes the capacitance between the fin-
ger and the strip-shaped sub-electrodes 3412 in the touch
electrode unit 341 to change unceasingly, and therefore, a
position of the current touch point can be determined by
detecting change in capacitance between the finger and the
strip-shaped sub-electrodes 3412 in the touch electrode unit
341.

It is to be noted that, when the liquid crystal grating is in a
3D operating state, an amplitude of a constant voltage that is
input within the first time or the second time of each drive
cycle may be set according to actual circumstances, to which
no any limit will be made by embodiments of the invention.
Furthermore, when the liquid crystal grating is in a 3D oper-
ating state, the amplitude of the constant voltage that is input
within the first time and the second time of each drive cycle
may be the same, and may also differ from each other, to
which no any limit will be made by embodiments of the
invention.

Further, when the liquid crystal grating is in a 2D operating
state, on condition that the planar electrode is assured of being
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grounded, within the first time of each drive cycle, a constant
voltage having a zero amplitude is applied to the strip-shaped
electrodes of the liquid crystal grating, that is, the strip-
shaped electrodes are grounded. At this time, because the
voltage difference between the strip-shaped electrodes and
the planar electrode is 0, liquid crystal will not be deflected
and alternate bright and dark stripes can not be formed. When
a 2D display signal is input, a 2D display effect can be
realized.

Further, when the liquid crystal grating is in a 2D operating
state, within the second time of each drive cycle, a constant
voltage having a nonzero amplitude is applied to the strip-
shaped electrodes ofthe liquid crystal grating. Itis to be noted
that, the amplitude of the constant voltage can be set accord-
ing to actual circumstances, to which no any limit will be
made by embodiments of the invention. At this time, when a
finger or other external, conductive object touches a certain
position of a strip-shaped electrode, a position of a touch
point can be determined according to variation in capacitance
between it and the strip-shaped electrode. It is to be noted that,
although there is a certain voltage difference between the
strip-shaped electrode and the planar electrode at this stage, a
3D grating phenomenon will not occur due to the fact that the
duration of the touch time is usually shorter so that there’s not
enough time for the liquid crystal to deflect.

It is to be noted additionally that, 12 ms of the display time
(thefirsttime) and 4.67 ms of the touch time (the second time)
are merely examples for illustrating the invention, and in a
concrete procedure of implementation, the time of one frame
is not limited to 16.67 ms, and a ratio between the display time
and the touch time in one frame is not limited to the above
ratio.

According to an embodiment of the invention, there is
provided a liquid crystal grating. The liquid crystal grating
includes a first substrate, a second substrate and a liquid
crystal layer filled between the first substrate and the second
substrate; it further includes: a touch electrode layer, located
on a side of the first substrate that faces the liquid crystal
layer; and a planar electrode located on a side of the second
substrate that faces the liquid crystal layer, wherein, the touch
electrode layer includes at least two strip-shaped electrodes
parallel to each other and arranged separately at a set distance,
and the strip-shaped electrodes in the touch electrode layer
are divided into at least two touch electrode units that are not
electrically connected to each other by a set rule of pattern
division; for any touch electrode unit, when an external con-
ductive object touches different positions of the touch elec-
trode unit by way of single-point touch, variation of capaci-
tance formed between the touch electrode unit and the
external conductive object differs from one another.

In the technical solution according to the embodiment of
the invention, by means of redesigning a pattern of strip-
shaped electrodes located on the first substrate in the liquid
crystal grating, strip-shaped electrodes are made to be used
not only as drive sensing electrodes for touch control, but as
liquid crystal driving electrodes of the 3D grating, without the
necessity of adding an add-on touch screen on top of the
liquid crystal grating. Thus, a manufacturing process of the
3D touch display device can be simplified, a thickness of the
3D touch display device can be reduced, the display effect of
the 3D touch display device can be improved and the produc-
tion cost can be reduced.

A Second Embodiment

FIG. 5 is a structural cross-sectional view illustrating a 3D
touch display device provided by the second embodiment of
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the invention. As shown in FIG. 5, the 3D touch display
device includes a display 41 and a liquid crystal grating
disposed on alight exiting side of the display 41, wherein, the
liquid crystal grating 42 is a liquid crystal grating according to
an embodiment of the invention, and will not be described in
detail any more in the second embodiment of the invention.

Exemplarily, the display 41 may be a LCD (liquid crystal
display), an OLED (organic light emitting diode display), a
PDP (plasma display), a CRT (cathode ray display), or other
display, to which no any limit will be made by the embodi-
ment of the invention.

Further, an OCA (Optical Clear Adhesive),an LOCA (Lig-
uid Optical Clear Adhesive) or the like can be used to attach
the liquid crystal grating 42 to the display 41, so as to attain
the 3D touch display device according to the second embodi-
ment of the invention.

It is to be noted that, when the liquid crystal grating 42
according to the first embodiment of the invention is attached
to the display 41, an upper substrate of the display 41 and a
lower substrate of the liquid crystal grating 42 may be shared,
so that the upper substrate of the display 41 or the lower
substrate of the liquid crystal grating 42 can be omitted. The
resultant 3D touch display device in this case may be shown
in FIG. 6. Furthermore, when the display 41 1s a liquid crystal
display, an upper polarizer of the liquid crystal display 41 and
a lower polarizer of the liquid crystal grating 42 may also be
shared, so that one polarizer of them can be omitted.

A Third Embodiment

According to the third embodiment, there is provided a
liquid crystal grating driving method of the liquid crystal
grating according to the first embodiment of the invention,
which includes the following steps:

When the liquid crystal grating is in a operating state, the
planar electrode in the liquid crystal grating is grounded, and
the strip-shaped electrodes in the liquid crystal grating is
time-division driven, that is, each drive cycle is divided into a
display time and a touch time. During the display time, a drive
signal that can be used to achievea 3D or 2D image display is
applied to each strip-shaped electrode; and during the touch
time, a drive signal that can be used to realize a touch function
is applied to each strip-shaped electrode.

For example, in a product with a 60 HZ operating fre-
quency, the time of one frame (drive cycle) 1s Y60 (s)=16.67
ms, and 12 ms in the former part of 16.67 ms (a first time) may
be acted as the display time, for achieving the 3D or 2D image
display; and 4.67 ms in the latter part (a second time) may be
acted as the touch time, for realizing the touch function.

Exemplarily, when the liquid crystal grating is in a 3D
operating state, on condition that the planar electrode is
assured of being grounded, within the first times of any two
adjacent drive cycles, nonzero constant voltages with the
same amplitude and opposite polarities are respectively
applied to the strip-shaped electrodes of the liquid crystal
grating. For example, voltages of +5V are input to the strip-
shaped electrodes, and alternate one frame by one frame, +5V
is input at a first frame, and -5V is input at the next frame, so
as to ensure that polarity of liquid crystal is reversed to guar-
antee activity of the liquid crystal. In this case, a certain
voltage difference (e.g. 5V) can be formed between the strip-
shaped electrodes and the planar electrode, and thus, it will
allow the liquid crystal to be arranged along the strip-shaped
electrodes under the action of an electric field, and light is
diffracted by slits between the strip-shaped electrodes and
exits, so as to form alternate bright and dark stripes. When a
3D display signal is input, a 3D display effect can be realized.
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Further, when the liquid crystal grating is in a 3D operating
state, within the second time of each the drive cycle, a positive
constant voltage having a nonzero amplitude is applied to the
strip-shaped electrodes of the liquid crystal grating. For
example, a constant voltage of +5V is input to the strip-
shaped electrodes. At this time, when a finger or other exter-
nal, conductive object touches a certain position of a strip-
shaped electrode, a position of a touch point can be
determined according to variation in capacitance between it
and the strip-shaped electrode. Specifically, the liquid crystal
grating provided by embodiments of the invention is a self-
induced touch liquid crystal grating (with reference to an
example in which a set shape taken by each touch electrode
unit 341 is a nonisosceles right triangle shown in FIG. 4). In
view of this, when a finger contacts any touch electrode unit
341, a contact area between a finger and the touch electrode
unit 341 is changed continually (increased gradually) as it
moves from a vertex corresponding to a shorter right-angle
side of the right triangle to the shorter right-angle side of the
right triangle, which causes the capacitance between the fin-
ger and the strip-shaped sub-electrodes 3412 in the touch
electrode unit 341 to change unceasingly, and therefore, a
position of the current touch point can be determined by
detecting change in capacitance between the finger and the
strip-shaped sub-electrodes 3412 in the touch electrode unit
341.

It is to be noted that, when the liquid crystal grating is in a
3D operating state, an amplitude of a constant voltage that is
input within the first time or the second time of each drive
cycle may be set according to actual circumstances, to which
no any limit will be made by the embodiment of the invention.
Furthermore, when the liquid crystal grating is in a 3D oper-
ating state, the amplitude of the constant voltage that is input
within the first time and the second time of each drive cycle
may be the same, and may also differ from each other, to
which no any limit will be made by the embodiment of the
invention

Further, when the liquid crystal grating is in a 2D operating
state, on condition that the planar electrode is assured of being
grounded, within the first time of each drive cycle, a constant
voltage having a zero amplitude is applied to the strip-shaped
electrodes of the liquid crystal grating, that is, the strip-
shaped electrodes are grounded. At this time, because the
voltage difference between the strip-shaped electrodes and
the planar electrode is 0, liquid crystal will not be deflected.
When a 2D display signal is input, a 2D display effect can be
realized.

Further, when the liquid crystal grating is in a 2D operating
state, within the second time of each drive cycle, a constant
voltage having a nonzero amplitude is applied to the strip-
shaped electrodes ofthe liquid crystal grating. Itis to be noted
that, the amplitude of the constant voltage can be set accord-
ing to actual circumstances, to which no any limit will be
made by embodiments of the invention. At this time, when a
finger or other external, conductive object touches a certain
position of a strip-shaped electrode, a position of a touch
point can be determined according to variation in capacitance
between it and the strip-shaped electrode. Itis to be noted that,
although there is a certain voltage difference between the
strip-shaped electrode and the planar electrode at this stage, a
3D grating phenomenon will not occur due to the fact that the
duration of the touch time is usually shorter so that there’s not
enough time for the liquid crystal to deflect.

It is to be noted additionally that, 12 ms of the display time
(the firsttime) and 4.67 ms of the touch time (the second time)
are merely examples for illustrating the invention, and in a
concrete procedure of implementation, the time of one frame
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is not limited to 16.67 ms, and a ratio between the display time
and the touch time in one frame is not limited to the above
ratio.

According to embodiments of the invention, there are pro-
vided a liquid crystal grating, a 3D touch display device and
a driving method of the liquid crystal grating. The liquid
crystal grating includes a first substrate, a second substrate
and a liquid crystal layer filled between the first substrate and
the second substrate; it further includes: a touch electrode
layer, located on a side of the first substrate that faces the
liquid crystal layer; and a planar electrode located on a side of
the second substrate that faces the liquid crystal layer,
wherein, the touch electrode layer includes at least two strip-
shaped electrodes parallel to each other and arranged sepa-
rately at a set distance, and the strip-shaped electrodes in the
touch electrode layer are divided into at least two touch elec-
trode units that are not electrically connected to each other by
a set rule of pattern division; for any touch electrode unit,
when an external conductive object touches different posi-
tions of the touch electrode unit by way of single-point touch,
variation of capacitance formed between the touch electrode
unit and the external conductive object differs from one
another. In the technical solution according to the embodi-
ment of the invention, by means of redesigning a pattern of
strip-shaped electrodes located on the first substrate in the
liquid crystal grating, strip-shaped electrodes are made to be
used not only as drive sensing electrodes for touch control,
but as liquid crystal driving electrodes of the 3D grating,
without the necessity of adding an add-on touch screen on top
of the liquid crystal grating. Thus, a manufacturing process of
the 3D touch display device can be simplified, a thickness of
the 3D touch display device can be reduced, the display effect
of the 3D touch display device can be improved and the
production cost can be reduced.

The embodiment of the invention being thus described, it
will be obvious that the same may be varied in many ways.
Such variations are not to be regarded as a departure from the
spirit and scope of the invention, and all such modifications as
would be obvious to those skilled in the art are intended to be
included within the scope of the following claims.

The invention claimed is:

1. A liquid crystal grating, comprising:

a first substrate;

asecond substrate, disposed opposite to the first substrate;

aliquid crystal layer, filled between the first substrate and
the second substrate;

a touch electrode layer, located on a side of the first sub-
strate that faces the liquid crystal layer; and

aplanar electrode, located on a side of the second substrate
that faces the liquid crystal layer,

wherein the touch electrode layer includes a plurality of
strip-shaped electrodes parallel to each other and
arranged separately at a set distance, and the strip-
shaped electrodes in the touch electrode layer are
divided, based on a determined pattern segmentation
rule, into at least two touch electrode units that are not
electrically connected to each other,

for any one of the touch electrode units, when an external
conductive object touches different positions of the
touch electrode unit by way of single-point touch, varia-
tion of capacitance formed between the touch electrode
unit and the external conductive object differs from one
another.

2. The liquid crystal grating claimed as claim 1, wherein

any two touch electrode units have the same shape or different
shapes.
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3. The liquid crystal grating claimed as claim 2, wherein
the shape of the touch electrode units at least includes one or
more of the following shapes: a triangle or a trapezoid.

4. Theliquid crystal grating claimed as claim 1, wherein for
any one of the touch electrode units, strip-shaped sub-elec-
trodes in the touch electrode unit are electrically connected to
each other.

5. Theliquid crystal grating claimed as claim 4, wherein for
any one of the touch electrode units, the strip-shaped sub-
electrodes in the touch electrode unit are electrically con-
nected to each other through a common electrode correspond-
ing to the touch electrode unit.

6. The liquid crystal grating claimed as claim 5, wherein
the strip-shaped sub-electrodes, the planar electrode and the
common electrode are made from transparent, conductive
material.

7. The liquid crystal grating claimed as claim 6, wherein
the transparent, conductive material is indium tin oxide or Al
doped zinc oxide.

8. The liquid crystal grating claimed as claim 1, further
comprising: a first polarizer, disposed on a side of the first
substrate that faces away from the liquid crystal layer.

9. The liquid crystal grating claimed as claim 8, further
comprising: a second polarizer, disposed on a side of the
second substrate that faces away from the liquid crystal layer,
wherein directions of transmission axes of the first polarizer
and the second polarizer are parallel or perpendicular to each
other.

10. A 3D touch display device, comprising: a display; and
aliquid crystal grating, disposed on a light exiting side of the
display, wherein the liquid crystal grating is the liquid crystal
grating as claimed in claim 1.

11. The 3D touch display device claimed as claim 10,
wherein the second substrate of the liquid crystal grating is
attached to the display.

12. The 3D touch display device claimed as claim 11,
wherein the second substrate of the liquid crystal grating
serves as an upper substrate of the display.

13. A driving method of the liquid crystal grating as
claimed in claim 1, comprising:

when the liquid crystal grating is in an operating state, a

planar electrode in the liquid crystal grating is grounded,
and driving strip-shaped electrodes in the liquid crystal
grating by way of time-division driving.

14. The driving method claimed as claim 13, wherein the
driving strip-shaped electrodes in the liquid crystal grating by
way of time-division driving comprises:

when the liquid crystal grating is in a 3D operating state,

within a first time of any two adjacent drive cycles,
nonzero constant voltages with the same amplitude and
opposite polarities are applied to the strip-shaped elec-
trodes of the liquid crystal grating, respectively; and
within a second time of each drive cycle, a constant
voltage having a nonzero amplitude is applied to the
strip-shaped electrodes of the liquid crystal grating;
when the liquid crystal grating is in a 2D operating state,
within the first time of each drive cycle, a constant volt-
age having a zero amplitude is applied to the strip-
shaped electrodes of the liquid crystal grating, and
within the second time of each drive cycle, a constant
voltage having a nonzero amplitude is applied to the
strip-shaped electrodes of the liquid crystal grating.

15. The driving method claimed as claim 14, wherein the
drive cycleis 16.67 ms, the first time is 12 ms, and the second
time is 4.67 ms.
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