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(57) ABSTRACT

A liquid crystal grating and a fabrication method thereof,
and a display device are provided. The liquid crystal grating
comprises a first substrate (1) and a second substrate (2)
provided opposite to each other, and a liquid crystal layer
(7); a plate-shaped transparent substrate (3) 1s provided on
the first substrate (1), and a second transparent conductive
layer (4), a transparent insulating layer (5) and a first
transparent conductive layer (6) are sequentially provided on
the second substrate (2); the first transparent conductive
layer (6) includes first strip-shaped transparent electrodes
(61) and second strip-shaped transparent electrodes (62)
which are alternately provided, and there 1s a gap between
the first strip-shaped transparent electrode (61) and the
second strip-shaped transparent electrode (62) adjacent to
cach other; and the second transparent conductive layer (4)
includes third strip-shaped transparent electrodes (41) pro-
vided at intervals. The liquid crystal grating reduces a black
stripe.
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Forming a transparent conductive layer on a first S1401
substrate, and forming a pattern including a plate- /
shaped transparent electrode by a patterning process
v
Forming a second transparent conductive layer on a 91402
second substrate, and forming a pattern mncluding /
third strip-shaped transparent electrodes arranged at
intervals by a patterning process

!

Forming a transparent insulating layer on the second 51403
substrate where the second transparent conductive /

laver has been formed

v

Forming a first transparent conductive layer on the
second substrate where the transparent insulating layer / 51404
has been formed, and forming a pattern incluoding first

strip-shaped transparent electrodes and second strip-
shaped transparent electrodes by a patterning process

v

Dripping off liquid crystal molecules on the first substrate
or the second substrate, and bonding the first substrate / 51405

and the second substrate, to form the hqud crystal
grating

FIG. 14
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LIQUID CRYSTAL GRATING AND
FABRICATION METHOD THEREOE, AND
DISPLAY DEVICE

TECHNICAL FIELD

[0001] Embodiments of the present disclosure relate to a
liquid crystal grating and a fabrication method thereof, and
a display device.

BACKGROUND

[0002] A naked eye 3D display device includes a display
panel and a liquid crystal grating. The liquid crystal grating
for example 1s provided in front of the display panel, so that
an 1mage displayed by the naked eye 3D display device
shows a 3D eflect.

[0003] As shown in FIG. 1, the liquid crystal grating 1'
comprises a first substrate 2', a liquid crystal layer 3' and a
second substrate 4'. Wide strip-shaped transparent electrodes
5' are provided on the first substrate 2' at equal intervals, and
a narrow strip-shaped transparent electrode 6' 1s provided
between adjacent wide strip-shaped transparent electrodes
5'. A plate-shaped transparent electrode 7' 1s provided on the
second substrate 4'. A voltage of the narrow strip-shaped
transparent electrode 6' 1s same as a voltage of the plate-
shaped transparent electrode 7'. In the case that there 1s an
clectric field between the wide strip-shaped transparent
electrodes 5' and the plate-shaped transparent electrode 7',
liquid crystal molecules 1n the liquid crystal layer 3' corre-
sponding to positions of the wide strip-shaped transparent
electrodes §' are deflected. That 1s, 1n this case, the liqud
crystal molecules 1n the liquid crystal layer 3' corresponding
to the positions of the wide strip-shaped transparent elec-
trodes 5' are deflected so that long axes thereof are perpen-
dicular to the second substrate 4' and light cannot transmuit
through the liquid crystal grating 1', thereby forming light-
shielding stripes. Since the voltage of the narrow strip-
shaped transparent electrode 6' between the adjacent wide
strip-shaped transparent electrodes §' 1s the same as that of
the plate-shaped transparent electrode 7', the liqud crystal
molecules 1n the liquid crystal layer 3' corresponding to a
gap between the adjacent wide strip-shaped transparent
electrodes §' are not deflected, so that light can transmit
through the liquid crystal grating 1', thereby forming light-
transmitting stripes.

[0004] As shown 1n FIG. 2, the liquad crystal grating 1' 1s
in front of a display panel 8', and light-transmitting stripes
9' and light-shielding stripes 10' are alternately provided on
the liquad crystal grating 1', so that a left eye 11' only sees
a left-eye 1image and a right eye 12' only sees a right-eye
image, thereby making the displayed image show the 3D
ellect.

[0005] Inventor of the present disclosure found that, as
shown 1 FIG. 3, there 1s a certain included angle between
an arrangement direction of the liquid crystal molecules 1n
the liquid crystal layer 3' close to the first substrate 2' and the
first substrate 2'. Therefore, there 1s a relatively large
included angle between a direction of the electric field
(indicated by dotted lines) between an edge 13' of the wide
strip-shaped transparent electrode 5' and the plate-shaped
transparent electrode 7' and an arrangement direction of the
liquid crystal molecules provided outside the edge 13', and
deflection states of the liquid crystal molecules provided
outside the edge 13' may be aflected by the electric field, so

Oct. 17,2019

that the liquid crystal molecules provided outside the edge
13' deviate from their desired arrangement direction, result-
ing i a low light transmittance in the region of the liquid
crystal molecules provided outside the edge 13', which 1s
significantly lower than light transmittances of both sides of
this region. In this case, a black stripe appears 1n a region
indicated by the dotted box, so that the display device has a
poor display eflect.

SUMMARY

[0006] At least one embodiment of the present disclosure
provides a liqud crystal grating and a fabrication method
thereol, and a display device, for reducing the black stripe.
[0007] A liquid crystal grating provided by at least one
embodiment of the present disclosure comprises a first
substrate and a second substrate provided opposite to each
other and a liquid crystal layer provided between the first
substrate and the second substrate, a plate-shaped transpar-
ent substrate 1s provided on the first substrate. A second
transparent conductive layer, a transparent insulating layer
and a first transparent conductive layer are sequentially
provided on the second substrate; the first transparent con-
ductive layer includes first strip-shaped transparent elec-
trodes and second strip-shaped transparent electrodes which
are alternately provided, and there 1s a gap between the first
strip-shaped transparent electrode and the second strip-
shaped transparent electrode adjacent to each other; and the
second transparent conductive layer includes third strip-
shaped transparent electrodes provided at intervals.

[0008] For example, the third strip-shaped transparent
clectrode 1s provided at an edge of the first strip-shaped
transparent electrode.

[0009] For example, a projection of the third strip-shaped
transparent electrode on the second substrate overlaps with
a projection of the first strip-shaped transparent electrode on
the second substrate.

[0010] For example, a voltage of the second strip-shaped
transparent electrode and a voltage of the third strip-shaped
transparent electrode are same as a voltage of the plate-
shaped transparent electrode and are different from a voltage
of the first strip-shaped transparent electrode.

[0011] For example, a side of the third strip-shaped trans-
parent electrode overlaps with a side of one of the first
strip-shaped transparent electrodes, and the other side of the
third strip-shaped transparent electrode at most extends to an
edge of a next first strip-shaped transparent electrode next to
the one of the first strip-shaped transparent electrodes.
[0012] For example, the other side of the third strip-
shaped transparent electrode extends to a position between
the one of the first strip-shaped transparent electrodes and
the second strip-shaped transparent electrode adjacent to the
one of the first strip-shaped transparent electrodes.

[0013] Forexample, the first strip-shaped transparent elec-
trode has a width of 419.32 um, and the second strip-shaped
transparent electrode has a width of 84.83 um.

[0014] For example, the third strip-shaped transparent
clectrode has a width of 3 um, and an overlapping width
between the third strip-shaped transparent electrode and the
one of the first strip-shaped transparent electrodes 1s 1.15
L.

[0015] For example, the other side of the third strip-
shaped transparent electrode extends to a region where the
second strip-shaped transparent electrode adjacent to the one
of the first strip-shaped transparent electrodes 1s provided.
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[0016] For example, the other side of the third strip-
shaped transparent electrode extends to a region between the
second strip-shaped transparent electrode adjacent to the one
of the first strip-shaped transparent electrodes and the next
first strip-shaped transparent electrode.

[0017] For example, the other side of the third strip-
shaped transparent electrode extends to a position where the
edge of the next first strip-shaped transparent electrode 1s
provided.

[0018] For example, a side of the third strip-shaped trans-
parent electrode 1s provided at an edge of one of the first
strip-shaped transparent electrodes, and the other side of the
third strip-shaped transparent electrode at most extends to an
edge of a next first strip-shaped transparent electrode next to
the one of the first strip-shaped transparent electrodes.
[0019] For example, there 1s a gap between a side of the
third strip-shaped transparent electrode and an edge of one
of the first strip-shaped transparent electrodes, and the other
side of the third strip-shaped transparent electrode at most
extends to an edge of a next first strip-shaped transparent
clectrode next to the one of the first strip-shaped transparent
electrodes.

[0020] For example, the gap has a width less than 1 um.
[0021] For example, a width of the first strip-shaped
transparent electrode 1s greater than a width of the second
strip-shaped transparent electrode and a width the third
strip-shaped transparent electrode.

[0022] At least one embodiment of the present disclosure
further provides a display device, and the display device
comprises any array substrate described above.

[0023] At least one embodiment of the present disclosure
further provides a fabrication method of a liquid crystal
grating, and the method comprises: forming a transparent
conductive layer on a first substrate, and forming a pattern
including a plate-shaped transparent electrode by a pattern-
ing process; forming a second transparent conductive layer
on a second substrate, and forming a pattern including third
strip-shaped transparent electrodes provided at intervals by
a patterning process; forming a transparent insulating layer
on the second substrate where the second transparent con-
ductive layer has been formed; forming a first transparent
conductive layer on the second substrate where the trans-
parent 1nsulating layer has been formed, forming a pattern
including first strip-shaped transparent electrodes and sec-
ond strip-shaped transparent electrodes by a patterning pro-
cess, the first strip-shaped transparent electrodes and the
second strip-shaped transparent electrodes being alternately
provided, and there being a gap between the first strip-
shaped transparent electrode and the second strip-shaped
transparent electrode adjacent to each other; and dripping oil
liquid crystal molecules on the first substrate or the second
substrate, and bonding the first substrate and the second
substrate to form the liquid crystal grating.

[0024] For example, a voltage of the second strip-shaped
transparent electrode and a voltage of the third strip-shaped
transparent electrode are same as a voltage of the plate-
shaped transparent electrode and are different from a voltage
of the first strip-shaped transparent electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] In order to clearly illustrate the technical solution
of the embodiments of the present disclosure, the drawings
of the embodiments will be briefly described 1n the follow-
ing; 1t 1s obvious that the described drawings are only related
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to some embodiments of the present disclosure and thus are
not limitative of the present disclosure.

[0026] FIG. 1 1s a cross-sectional schematic view 1illus-
trating a liquid crystal grating;

[0027] FIG. 2 1s a principle schematic view illustrating
that a displayed image shows a 3D eflect by the liquid
crystal grating;

[0028] FIG. 3 1s a principle schematic view illustrating
that a black stripe appears 1n the displayed image due to the
liquid crystal grating;

[0029] FIG. 4 1s a cross-sectional schematic view 1illus-
trating a first type of liquid crystal grating 1n an embodiment
of the present disclosure;

[0030] FIG. S 1s a principle schematic view illustrating
that a black stripe 1s reduced by third strip-shaped transpar-
ent electrodes 1n an embodiment of the present disclosure;
[0031] FIG. 6 1s a partial cross-sectional schematic view
illustrating a second type of liquid crystal grating in an
embodiment of the present disclosure;

[0032] FIG. 7 1s a partial cross-sectional schematic view
illustrating a third type of liquid crystal grating in an
embodiment of the present disclosure;

[0033] FIG. 8 1s an analog schematic view illustrating a
transmittance 1n a region A of FIG. 4 1n the embodiment of
the present disclosure;

[0034] FIG. 9 1s a partial cross-sectional schematic view
illustrating a fourth type of liquid crystal grating in an
embodiment of the present disclosure;

[0035] FIG. 10 1s a partial cross-sectional schematic view
illustrating a fifth type of liquid crystal grating in an embodi-
ment of the present disclosure;

[0036] FIG. 11 1s a partial cross-sectional schematic view
illustrating a sixth type of liquid crystal grating in an
embodiment of the present disclosure;

[0037] FIG. 12 1s a partial cross-sectional schematic view
illustrating a seventh type of liquid crystal grating in an
embodiment of the present disclosure;

[0038] FIG. 13 1s a partial cross-sectional schematic view
illustrating an eighth type of liqud crystal grating in an
embodiment of the present disclosure; and

[0039] FIG. 14 1s a flow chart of a fabrication method of
a liquid crystal grating in an embodiment of the present
disclosure.

REFERENCE SIGNS

[0040] 1—{irst substrate; 2—second substrate; 3—plate—
shaped transparent electrode; 4—second transparent con-
ductive layer; 41—third strip—shaped transparent elec-
trode; S—transparent insulating layer; 6—first transparent
conductive layer; 61—first strip—shaped transparent elec-
trode; 62—second strip—shaped transparent electrode;
7—Iliquid crystal layer.

DETAILED DESCRIPTION

[0041] In order to make objects, technical details and
advantages of the embodiments of the present disclosure
apparent, the technical solutions of the embodiment will be
described 1n a clearly and fully understandable way 1n
connection with the drawings related to the embodiments of
the present disclosure. It 1s obvious that the described
embodiments are just a part but not all of the embodiments
of the present disclosure. Based on the described embodi-
ments herein, those skilled in the art can obtain other
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embodiment(s), without any inventive work, which should
be within the scope of the disclosure.

Embodiment 1

[0042] An embodiment of the present disclosure provides
a liquid crystal grating; as shown 1n FIG. 4, the liquid crystal
grating comprises: a first substrate 1 and a second substrate
2 provided opposite to each other and a liquid crystal layer
7 provided between the first substrate 1 and the second
substrate 2. A plate-shaped transparent electrode 3 1s pro-
vided on the first substrate 1. A second transparent conduc-
tive layer 4, a transparent insulating layer 5 and a first
transparent conductive layer 6 are sequentially provided on
the second substrate 2. The first transparent conductive layer
6 includes first strip-shaped transparent electrodes 61 and
second strip-shaped transparent electrodes 62 which are
alternately provided, and there 1s a gap between the first
strip-shaped transparent electrode 61 and the second strip-
shaped transparent electrode 62 adjacent to each other. The
second transparent conductive layer 4 includes third strip-
shaped transparent electrodes 41 provided at intervals.
[0043] For example, the third strip-shaped transparent
electrode 41 1s provided at an edge of the first strip-shaped
transparent electrode 61, but 1s not limited thereto.

[0044] For example, a projection of the third strip-shaped
transparent electrode 41 on the second substrate overlaps
with a projection of the first strip-shaped transparent elec-
trode 61 on the second substrate. The third strip-shaped
transparent electrodes 41 and the first strip-shaped transpar-
ent electrodes 61 are not provided 1n a same layer, and the
transparent insulating layer 5 1s provided between a layer in
which the third strip-shaped transparent electrodes 41 are
provided and a layer in which the first strip-shaped trans-
parent electrodes 61 are provided. Here, “overlapping” for
example refers to that projections on the second substrate
have an overlapping portion.

[0045] It should be noted that, the projection of the third
strip-shaped transparent electrode 41 on the second substrate
may not overlap with the projection of the first strip-shaped
transparent electrode 61 on the second substrate. That 1s,
there may not have an overlapping portion between the
projection of the third strip-shaped transparent electrode 41
on the second substrate and the projection of the first
strip-shaped transparent electrode 61 on the second sub-
strate.

[0046] For example, a voltage of the second strip-shaped
transparent electrode 62 and a voltage of the third strip-
shaped transparent electrode 41 are same as a voltage of the
plate-shaped transparent electrode 3, and are different from
a voltage of the first strip-shaped transparent electrode 61.
That 1s, the voltage applied to the second strip-shaped
transparent electrode 62 and the voltage applied to the third
strip-shaped transparent electrode 41 are same as the voltage
applied to the plate-shaped transparent electrode 3, and are
different from the voltage applied to the first strip-shaped
transparent electrode 61.

[0047] For example, as shown 1n FIG. 3, there 1s a certain
included angle between an arrangement direction of the
liquid crystal molecules 1n the liquid crystal layer 3' close to
the second substrate 4' and the second substrate 4'. There-
fore, there 1s a relatively large included angle between a
direction of the electric field (indicated by dotted lines)
between an edge 13' of the wide strip-shaped transparent
electrode §' on the second substrate 4' and the plate-shaped
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transparent electrode 7' and an arrangement direction of the
liguad crystal molecules provided outside the edge 13', so
that the liquid crystal molecules provided outside the edge
13' are aflected by the electric field to deviate from their
desired arrangement direction and light cannot transmait, and
thus a black strip 1s formed in the displayed image corre-
sponding to a region indicated by the dotted box.

[0048] As shown in FIG. 5, 1n the embodiment of present
disclosure, the second substrate 2 has the third strip-shaped
transparent electrodes 41 provided at intervals, and the
voltage of the second strip-shaped transparent electrode 62
and the voltage of the third strip-shaped transparent elec-
trode 41 are same as the voltage of the plate-shaped trans-
parent electrode 3, and are diflerent from the voltage of the
first strip-shaped transparent electrode 61. Thus, in the case
that there 1s an electric field between the first strip-shaped
transparent electrode 61 and the plate-shaped transparent
electrode 3, there 1s also an electric field between the third
strip-shaped transparent electrode 41 and the first strip-
shaped transparent electrode 61, and forces applied to the
liquid crystal molecules by components of the above two
electric fields 1n a vertical direction offset each other, so as
not to make the liquid crystal molecules deflect, thereby
reducing influence of the electric field between the first
strip-shaped transparent electrode 61 and the plate-shaped
transparent electrode 3 on deflection states of the liquid
crystal molecules provided outside the first strip-shaped
transparent electrode 61, to make light transmit. Further-
more, there 1s no electric tlied between the third strip-shaped
transparent electrode 41 and the second strip-shaped trans-
parent electrode 62 and there 1s no electric flied between the
third strip-shaped transparent electrode 41 and the plate-
shaped transparent electrode 3; and therefore, the third
strip-shaped transparent electrode 41 does not aflect the
deflection states of other liquid crystal molecules. In this
way, the liquid crystal grating according to the embodiment
of the disclosure can reduce the black stripe, thereby
improving a display eflect of the display device.

[0049] For example, the third strip-shaped transparent
clectrodes 41 are provide in the following three manners.

[0050] First manner: as shown in FIG. 4, a side of the third
strip-shaped transparent electrode 41 overlaps with a side of
one of the first strip-shaped transparent electrodes 61, and
the other side of the third strip-shaped transparent electrode
41 at most extends to an edge of a next first strip-shaped
transparent electrode 61 next to the one of the first strip-
shaped transparent electrodes 61. For example, a width of a
region where the side of the third strip-shaped transparent
clectrode 41 1s overlapped with the side of the first strip-
shaped transparent electrode 61 1s controlled within 1.2 pum:;
in this case, the electric filed between the third strip-shaped
transparent electrode 41 and the first strip-shaped transpar-
ent electrode 61 does not affect detlections of the liquid
crystal molecules provided at the position of the first trans-
parent electrode 61, and at the same time reduces influence
of the electric field between the side of the first strip-shaped
transparent electrode 61 and the plate-shaped transparent
clectrode 3 on the liquid crystal molecules.

[0051] Second manner: as shown 1n FIG. 6, the side of the
third strip-shaped transparent electrode 41 1s provided at an
edge of one of the first strip-shaped transparent electrodes
61, and the other side of the third strip-shaped transparent
clectrode 41 extends to an edge of a next second strip-shaped
transparent electrode 62 next to the one of the first strip-
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shaped transparent electrodes 61. For example, the other
side of the third strip-shaped transparent electrode 41 at
most extends to the edge of the next first strip-shaped
transparent electrode 61 next to the one of the first strip-
shaped transparent electrodes 61.

[0052] Third manner: as shown in FIG. 7, there 1s a gap
between the side of the third strip-shaped transparent elec-
trode 41 and the edge of one of the first strip-shaped
transparent electrodes 61, and there 1s a gap between the
other side of the third strip-shaped transparent electrode 41
and the edge of the next second strip-shaped transparent
clectrode 62. For example, the other side of the third
strip-shaped transparent electrode 41 at most extends to the
edge of the next first strip-shaped transparent electrode 61.
For example, the gap between the side of the third strip-
shaped transparent electrode 41 and the edge of the one of
the first strip-shaped transparent electrode 61 has a width
less than Inm, so as to make the electric field between the
third strip-shaped transparent electrode 41 and the first
strip-shaped transparent electrode 61 reduce influence of the
electric field between the side of the first strip-shaped
transparent electrode 61 and the plate-shaped transparent
electrode 3 on the liquid crystal molecules.

[0053] Of course, besides the three manners described
above, the third strip-shaped transparent electrodes 41 may
be provided 1n other manners, as long as influence of the
clectric field between the side of the first strip-shaped
transparent electrode 61 and the plate-shaped transparent
electrode 3 on the liquid crystal molecules 1s reduced, which
will not be limited here.

[0054] Among the three manners for proving the third
strip-shaped transparent electrodes 41 as described above, 1n
the case where the side of the third strip-shaped transparent
clectrode 41 overlaps with the side of one of the first
strip-shaped transparent electrodes 61, the eflect of reducing
the black stripe 1s best. Therefore, the first manner in the
embodiment of the present disclosure 1s more conducive to
reducing the black stripe. Further, based on the first manner,
the present embodiment provides four specific cases that
“the other side of the third strip-shaped transparent electrode
41 at most extends to the edge of the next first strip-shaped
transparent electrode 61”.

[0055] First case: as shown 1n FIG. 4, the other side of the
third strip-shaped transparent electrode 41 extends to a
position between the one of the first strip-shaped transparent
electrodes 61 and the second strip-shaped transparent elec-
trode 62 adjacent to the one of the first strip-shaped trans-
parent electrodes 61. For example, on a condition of reduc-
ing 1influence of the electric field between the side of the first
strip-shaped transparent electrode 61 and the plate-shaped
transparent electrode 3 on the liquid crystal molecules, the
third strip-shaped transparent electrode 41 should have a
width as small as possible, to increase light transmittance.
Of course, the width of the third strip-shaped transparent
clectrode 41 may be determined according to actual
demands, which will not be limited.

[0056] For example, in the first case, the first strip-shaped
transparent electrode 61 has a width of 419.32 um, and the
second strip-shaped transparent electrode 62 has a width of
84.83 um. In this case, the third strip-shaped transparent
electrode 41 has a width of 3 um, and an overlapping width
between the third strip-shaped transparent electrode 41 and
the one of the first strip-shaped transparent electrodes 61 1s
1.15 um. In this case, a light transmittance 1n a region A of
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FIG. 4 1s shown 1n FIG. 8. In FIG. 8, a horizontal coordinate
denotes position, a vertical coordinate denotes light trans-
mittance, and a region indicated by dotted box corresponds
to a region where the black stripe appears in the prior art. It
can be seen from FIG. 8 that, in the region indicated by
dotted box, the light transmittance gradually changes, the
light transmittance of each position 1s lower than that of a
lett position thereof and higher than that of a right position
thereof, and no such a position has the light transmittance
less than the light transmittance of the positions on both
sides thereof. In this case, influence of the electric field
between the side of the first strip-shaped transparent elec-
trode 61 and the plate-shaped transparent electrode 3 on the
liquid crystal molecules 1s eliminated by providing the third
strip-shaped transparent electrodes 41, making light transmit
normally, thereby eliminating the black stripe. Meanwhile,
due to increase of light transmittance, a display brightness of
the displayed image 1s improved.

[0057] Second case: as shown i FIGS. 9 to 11, the other
side of the third strip-shaped transparent electrode 41
extends to a region where the second strip-shaped transpar-
ent electrode 62 adjacent to the one of the first strip-shaped
transparent electrodes 61 1s provided.

[0058] In the second case, the other side of the third
strip-shaped transparent electrode 41 extends to the region
where the second strip-shaped transparent electrode 62
adjacent to the one of the first strip-shaped transparent
electrodes 61 1s provided, which may include: as shown 1n
FIG. 9, the other side of the third strip-shaped transparent
clectrode 41 extends to an intermediate portion of the second
strip-shaped transparent electrode 62 adjacent to the one of
the first strip-shaped transparent electrodes 61; or, as shown
in FIG. 10, the other side of the third strip-shaped transpar-
ent electrode 41 extends to the edge of the second strip-
shaped transparent electrode 62 adjacent to the one of the
first strip-shaped transparent electrodes 61; or, as shown 1n
FIG. 11, the other side of the third strip-shaped transparent
clectrode 41 extends to the other edge of the second strip-
shaped transparent electrode 62 adjacent to the one of the
first strip-shaped transparent electrodes 61.

[0059] Third case: as shown 1 FIG. 12, the other side of
the third strip-shaped transparent electrode 41 extends to a
region between the second strip-shaped transparent elec-
trode 62 adjacent to the one of the first strip-shaped trans-
parent electrodes 61 and the next first strip-shaped transpar-
ent electrode 61.

[0060] Fourth case: as shown in FIG. 13, the other side of
the third strip-shaped transparent electrode 41 extends to a
position where the edge of the next first strip-shaped trans-
parent electrode 61 1s provided. In this case, the other side
of the third strip-shaped transparent electrode 41 does not
overlap with the edge of the next first strip-shaped trans-
parent electrode 61.

[0061] In the four cases described above, the light trans-
mittance 1s relatively high 1n the first case. That 1s, the other
side of the third strip-shaped transparent electrode 41
extends to the region between the one of the first strip-
shaped transparent electrodes 61 and the second strip-shaped
transparent electrode 62 adjacent to the one of the first
strip-shaped transparent electrodes 61. In this case, the third
strip-shaped transparent electrode 41 has a small width, so
that the light transmittance 1s relatively high and the display
brightness of the displayed image 1s high.
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[0062] Of course, besides the above four cases, 1n the first
manner, “the other side of the third strip-shaped transparent
electrode 41 at most extends to the edge of the next first
strip-shaped transparent electrodes 61 may further include
other cases, as long as influence of the electric field between
the side of the first strip-shaped transparent electrode 61 and
the plate-shaped transparent electrode 3 on the liquid crystal
molecules 1s reduced, which will not be limited here.

[0063] In addition, in the second manner and the third
manner, specific cases of “the other side of the third strip-
shaped transparent electrode 41 at most extends to the edge
of the next first strip-shaped transparent electrodes 61 may
refer to corresponding cases 1n the first manner, which will
not be repeated here.

[0064] Forexample, the first strip-shaped transparent elec-
trode 61 1s wider than the second strip-shaped transparent
electrode 62 and the third strip-shaped transparent electrode
41, which 1s conducive to the displayed image showing a 3D
effect. And, the first strip-shaped transparent electrode 61,
the second strip-shaped transparent electrode 62 and the
third strip-shaped transparent electrode 41, for example, are
made of indium tin oxide.

[0065] The embodiment of the present disclosure provides
the liquid crystal grating, and the liquid crystal grating
comprises the first substrate and the second substrate pro-
vided opposite to each other, and the liquid crystal layer
provided between the first substrate and the second sub-
strate; the plate-shaped transparent electrode provided on the
first substrate; the second transparent conductive layer, the
transparent insulating layer and the first transparent conduc-
tive layer are sequentially provided on the second substrate;
the first transparent conductive layer includes the first strip-
shaped transparent electrodes and the second strip-shaped
transparent electrodes which are alternately provided, there
1s the gap between the first strip-shaped transparent elec-
trode and the second strip-shaped transparent electrode
adjacent to each other, and the second transparent conduc-
tive layer includes the third strip-shaped transparent elec-
trodes provided at intervals. Because the voltage of the
second strip-shaped transparent electrode and the voltage of
the third strip-shaped transparent electrode are same as that
of the plate-shaped transparent electrode and are different
from that of the first strip-shaped transparent electrode, 1n
the case that there 1s the electric field between the first
strip-shaped transparent electrode and the plate-shaped
transparent electrode, there 1s the electric field between the
third strip-shaped transparent electrode and the first strip-
shaped transparent electrode, and forces applied to the liquid
crystal molecules by components of the two electric fields 1n
the vertical direction offset each other, so as not to make the
liquad crystal molecules deflect, thereby reducing influence
of the electric field between the first strip-shaped transparent
clectrode and the plate-shaped transparent electrode on
deflection states of the liquid crystal molecules provided
outside the first transparent electrode, to make light transmiut.
And, there 1s no electric flied between the third strip-shaped
transparent electrode and the second strip-shaped transpar-
ent electrode and there 1s no electric field between the third
strip-shaped transparent electrode and the plate-shaped
transparent electrode, and therefore, the third strip-shaped
transparent electrode does not aflect the deflection states of
the other liquid crystal molecules. In this way, the liquid
crystal grating can reduce the black stripe, thereby improv-
ing the display eflect of the display device.
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[0066] In addition, an embodiment of the disclosure fur-
ther provides a display device, and the display device
comprises the liquid crystal grating in the above embodi-
ments. For example, the display device may be: a display
device such as a liquid crystal display panel, an Organic
Light-Emitting Diode (OLED) panel and so on, and a tablet
personal computer, a television, a notebook computer, a
mobile phone, a watch, a digital camera, a navigator, and any
other product or component having a naked eye 3D display
function including these display devices.

Embodiment 11

[0067] An embodiment of the present disclosure further
provides a fabrication method of the liquid crystal grating
described in Embodiment I. As shown in FIG. 14, the
method comprises steps of:

[0068] Step S1401: fonning a transparent conductive layer
on a first substrate, and forming a pattern including a
plate-shaped transparent electrode by a patterning process.
[0069] Step S1402: forming a second transparent conduc-
tive layer on a second substrate, and forming a pattern
including third strip-shaped transparent electrodes provided
at intervals by a patterning process.

[0070] Step S1403: forming a transparent insulating layer
on the second substrate where the second transparent con-
ductive layer has been formed.

[0071] Step S1404: forming a first transparent conductive
layer on the second substrate where the transparent insulat-
ing layer has been formed, and forming a pattern including
first strip-shaped transparent electrodes and second strip-
shaped transparent electrodes by a patterning process.
[0072] Forexample, the first strip-shaped transparent elec-
trodes 61 and the second strip-shaped transparent electrodes
62 are provided alternately, and there 1s a gap between the
first strip-shaped transparent electrode 61 and the second
strip-shaped transparent electrode 62 adjacent to each other.
[0073] For example, a voltage of the second strip-shaped
transparent electrode 62 and a voltage of the third strip-
shaped transparent electrode 41 are same as a voltage of the
plate-shaped transparent electrode 3 and are different from a
voltage of the first strip-shaped transparent electrode 61.
[0074] Step S1405: dripping ofl liqud crystal molecules
on the first substrate or the second substrate, and bonding the
first substrate and the second substrate to form the liquid
crystal grating.

[0075] The embodiment of the present disclosure provides
the fabrication method of the liquid crystal grating. In the
liquid crystal grating fabricated by the fabrication method of
the liquid crystal grating described above, there comprised
the third strip-shaped transparent electrodes provided at
intervals, and the voltage of the second strip-shaped trans-
parent electrode and the voltage of the third strip-shaped
transparent electrode are same as that of the plate-shaped
transparent electrode and are different from that of the first
strip-shaped transparent electrode; in the case that there 1s
the electric field between the first strip-shaped transparent
clectrode and the plate-shaped transparent electrode, there 1s
the electric field between the third strip-shaped transparent
clectrode and the first strip-shaped transparent electrode, and
forces applied to the liquid crystal molecules by components
of the two electric fields in the vertical direction offset each
other, so as not to make the liqud crystal molecules deflect,
thereby reducing influence of the electric field between the
first strip-shaped transparent electrode and the plate-shaped
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transparent electrode on deflection states of the liquid crystal
molecules provided outside the first transparent electrode, to
make light transmit. And, there 1s no electric flied between
the third strip-shaped transparent electrode and the second
strip-shaped transparent electrode and there 1s no electric
flied between the third strip-shaped transparent electrode
and the plate-shaped transparent electrode. Theretfore, the
third strip-shaped transparent electrode does not affect the
deflection states of the other liquid crystal molecules, so that
the liquid crystal grating can reduce the black stripe, thereby
improving the display eflect of the display device.

[0076] The foregoing are only specific embodiments of the
present disclosure, but the protection scope of the present
disclosure 1s not limited thereto. In the techmical scope
disclosed by the present disclosure, changes or substitutions
casily thought by any skilled in the art are all covered 1n the
protection scope of the present disclosure. Therefore, the
protection scope of the present disclosure should be the
protection scope of the claims.

[0077] The application claims priority of Chinese Patent
Application No. 201410784528.2 filed on Dec. 16, 2014, the
disclosure of which 1s incorporated herein by reference in 1ts
entirety as part of the present application.

1. A liquid crystal grating, comprising a first substrate and
a second substrate provided opposite to each other and a
liquid crystal layer provided between the first substrate and
the second substrate, a plate-shaped transparent electrode
being provided on the first substrate, wherein,

a second transparent conductive layer, a transparent 1nsu-
lating layer and a first transparent conductive layer are
sequentially provided on the second substrate;

the first transparent conductive layer includes first strip-
shaped transparent electrodes and second strip-shaped
transparent electrodes which are alternately provided,
and a gap 1s between the first strip-shaped transparent
clectrode and the second strip-shaped transparent elec-
trode adjacent to each other;

the second transparent conductive layer includes third
strip-shaped transparent electrodes provided at inter-
vals; and

only one third strip-shaped transparent electrode with its
entirety 1s provided 1n an orthographic projection, on
the second transparent conductive layer, of a region of
every two immediately adjacent first strip-shaped trans-
parent electrodes and one second strip-shaped trans-
parent electrode between the every two immediately
adjacent first strip-shaped transparent electrodes.

2. The lhiqud crystal grating according to claim 1,
wherein, an edge of an orthographic projection, on the first
transparent conductive layer, of the third strip-shaped trans-
parent electrode 1s within a region of one of the first
strip-shaped transparent electrodes, and the other edge of the
orthographic projection, on the first transparent conductive
layer, of the third strip-shaped transparent electrode at most
extends to an edge, which 1s closest to the one of the first
strip-shaped transparent electrodes, of a next first strip-
shaped transparent electrode next to the one of the first
strip-shaped transparent electrodes.

3. The liqud crystal grating according to claim 2,
wherein, the other edge of the orthographic projection, on
the first transparent conductive layer, of the third strip-
shaped transparent electrode extends to a position between
the one of the first strip-shaped transparent electrodes and

Oct. 17,2019

the second strip-shaped transparent electrode adjacent to the
one of the first strip-shaped transparent electrodes.

4. The lhiqud crystal grating according to claim 2,
wherein, the other edge of the orthographic projection, on
the first transparent conductive layer, of the third strip-
shaped transparent electrode extends to a region of the
second strip-shaped transparent electrode adjacent to the one
of the first strip-shaped transparent electrodes.

5. The lhiqud crystal grating according to claim 2,
wherein, the other edge of the orthographic projection, on
the first transparent conductive layer, of the third strip-
shaped transparent electrode extends to a region between the
second strip-shaped transparent electrode adjacent to the one
of the first strip-shaped transparent electrodes and the next
first strip-shaped transparent electrode.

6. The liqud crystal grating according to claim 2,
wherein, the other edge of the orthographic projection, on
the first transparent conductive layer, of the third strip-
shaped transparent electrode extends to a position of the
edge of the next first strip-shaped transparent electrode 1s
provided.

7. The lhiqud crystal grating according to claim 1,
wherein, an edge of an orthographic projection, on the first
transparent conductive layer, of the third strip-shaped trans-
parent electrode 1s provided at a position of an edge of one
of the first strip-shaped transparent electrodes, and the other
edge of the orthographic projection, on the first transparent
conductive layer, of the third strip-shaped transparent elec-
trode at most extends to an edge, which 1s closest to the one
of the first strip-shaped transparent electrodes, of a next first
strip-shaped transparent electrode next to the one of the first
strip-shaped transparent electrodes.

8. The liqud crystal grating according to claim 7,
wherein, the other edge of the orthographic projection, on
the first transparent conductive layer, of the third strip-
shaped transparent electrode extends to a position between
the one of the first strip-shaped transparent electrodes and
the second strip-shaped transparent electrode adjacent to the
one of the first strip-shaped transparent electrodes.

9. The liqud crystal grating according to claim 7,
wherein, the other edge of the orthographic projection, on
the first transparent conductive layer, of the third strip-
shaped transparent electrode extends to a region of the
second strip-shaped transparent electrode adjacent to the one
of the first strip-shaped transparent electrodes.

10. The liquid crystal grating according to claim 7,
wherein, the other edge of the orthographic projection, on
the first transparent conductive layer, of the third strip-
shaped transparent electrode extends to a region between the
second strip-shaped transparent electrode adjacent to the one
of the first strip-shaped transparent electrodes and the next
first strip-shaped transparent electrode.

11. The liquid crystal grating according to claim 7, the
other edge of the orthographic projection, on the first trans-
parent conductive layer, of the third strip-shaped transparent
clectrode extends to a position of the edge of the next first
strip-shaped transparent electrode 1s provided.

12. The liquid crystal grating according to claim 1,
wherein, a gap 1s between an edge of an orthographic
projection, on the first transparent conductive layer, of the
third strip-shaped transparent electrode and an edge of one
of the first strip-shaped transparent electrodes, and the other
edge of the orthographic projection, on the first transparent
conductive layer, of the third strip-shaped transparent elec-
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trode at most extends to an edge, which 1s closest to the one
of the first strip-shaped transparent electrodes, of a next first
strip-shaped transparent electrode next to the one of the first
strip-shaped transparent electrodes.

13. The liqud crystal grating according to claim 12,
wherein, the other edge of the orthographic projection, on
the first transparent conductive layer, of the third strip-
shaped transparent electrode extends to a position between
the one of the first strip-shaped transparent electrodes and
the second strip-shaped transparent electrode adjacent to the
one of the first strip-shaped transparent electrodes.

14. The liquid crystal grating according to claim 12,
wherein, the other edge of the orthographic projection, on
the first transparent conductive layer, of the third strip-
shaped transparent electrode extends to a region of the
second strip-shaped transparent electrode adjacent to the one
of the first strip-shaped transparent electrodes.

15. The liqud crystal grating according to claim 12,
wherein, the other edge of the orthographic projection, on
the first transparent conductive layer, of the third strip-
shaped transparent electrode extends to a region between the
second strip-shaped transparent electrode adjacent to the one
of the first strip-shaped transparent electrodes and the next
first strip-shaped transparent electrode.

16. The liquid crystal grating according to claim 12,
wherein, the other edge of the orthographic projection, on
the first transparent conductive layer, of the third strip-
shaped transparent electrode extends to a position of the
edge of the next first strip-shaped transparent electrode 1s
provided.

17. The lhiqud crystal grating according to claim 1,
wherein, a width of the first strip-shaped transparent elec-
trode 1s greater than a width of the second strip-shaped
transparent electrode and a width the third strip-shaped
transparent electrode.

18. The liquid crystal grating according to claim 1,
wherein, a voltage of the second strip-shaped transparent
electrode and a voltage of the third strip-shaped transparent
electrode are same as a voltage of the plate-shaped trans-

Oct. 17,2019

parent electrode and are different from a voltage of the first
strip-shaped transparent electrode.
19. A display device, comprising the liquid crystal grating
according to claim 1.
20. A fabrication method of a liquid crystal grating,
comprising:
forming a transparent conductive layer on a first substrate,
and forming a pattern including a plate-shaped trans-
parent electrode by a patterning process;
forming a second transparent conductive layer on a sec-
ond substrate, and forming a pattern including third
strip-shaped transparent electrodes provided at inter-
vals by a patterning process;

forming a transparent insulating layer on the second
substrate where the second transparent conductive

layer has been formed;

forming a first transparent conductive layer on the second
substrate where the transparent insulating layer has
been formed, forming a pattern including first strip-
shaped transparent electrodes and second strip-shaped
transparent electrodes by a patterning process, the first
strip-shaped transparent electrodes and the second
strip-shaped transparent electrodes being alternately
provided, and a gap being between the first strip-shaped
transparent electrode and the second strip-shaped trans-
parent electrode adjacent to each other; and

dripping off liquid crystal molecules on the first substrate
or the second substrate, and bonding the first substrate
and the second substrate to form the liqud crystal
grating, wherein,

only one third strip-shaped transparent electrode with 1ts
entirety 1s provided in an orthographic projection, on
the second transparent conductive layer, of a region of
every two immediately adjacent first strip-shaped trans-
parent electrodes and one second strip-shaped trans-

parent electrode between the every two immediately
adjacent first strip-shaped transparent electrodes.
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