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(57) ABSTRACT

A liquid crystal phase shifter is provided, and includes a first
substrate and a second substrate opposite to each other, and
a liquid crystal layer between the first substrate and the
second substrate. The first substrate includes a first base
plate and a first electrode layer at a side of the first base plate
proximal to the liquid crystal layer. The second substrate
includes a second base plate and a second electrode layer at
a side of the second base plate proximal to the liquid crystal
layer. The first electrode layer includes a main body struc-
ture having a first side and a second side opposite to each
other with respect to a length direction of the main body
structure, and a plurality of branch structures connected to at
least one of the first side and the second side of the main
body structure.
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LIQUID CRYSTAL PHASE SHIFTER,
METHOD FOR OPERATING THE SAME,
LIQUID CRYSTAL ANTENNA, AND
COMMUNICATION APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims the priority of Chi-
nese patent application No. 201810911837 X, filed on Aug.
10, 2018, the content of which is hereby incorporated herein
in its entirety by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to the field of com-
munication technologies, and in particular, to a liquid crystal
phase shifter, a liquid crystal antenna, a communication
apparatus, and a method for operating a liquid crystal phase
shifter.

BACKGROUND

[0003] A phase shifter is a device capable of adjusting a
phase of a microwave, is widely applied to electronic
communication systems, and is a core component in systems
such as phased array radars, synthetic aperture radars, radar
electronic countermeasure systems, satellite communication
systems, transceivers, and the like. High performance phase
shifters therefore will play a crucial role in these systems.

SUMMARY

[0004] Embodiments of the present disclosure provide a
liquid crystal phase shifter, a liquid crystal antenna, a
communication apparatus, and a method for operating a
liquid crystal phase shifter.

[0005] A first aspect of the present disclosure provides a
liquid crystal phase shifter, including

[0006] a first substrate and a second substrate opposite to
each other, and a liquid crystal layer between the first
substrate and the second substrate; wherein

[0007] the first substrate includes a first base plate and a
first electrode layer at a side of the first base plate proximal
to the liquid crystal layer;

[0008] the second substrate includes a second base plate
and a second electrode layer at a side of the second base
plate proximal to the liquid crystal layer; and

[0009] the first electrode layer includes a main body
structure having a first side and a second side opposite to
each other with respect to a length direction of the main
body structure, and a plurality of branch structures con-
nected to at least one of the first side and the second side of
the main body structure.

[0010] In an embodiment, the second electrode layer is in
a peripheral region of the second base plate, and an ortho-
graphic projection of the second electrode layer on the first
base plate partially overlaps an orthographic projection of at
least one of the plurality of branch structures on the first base
plate.

[0011] In an embodiment, each of the first side and the
second side of the main body structure is connected with the
plurality of branch structures.

[0012] In an embodiment, the plurality of branch struc-
tures connected to the first side and the plurality of branch
structures connected to the second side are symmetric about
the main body structure.
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[0013] In an embodiment, the second electrode layer
includes a first conductive structure and a second conductive
structure;

[0014] an orthographic projection of the first conductive
structure on the first base plate partially overlaps an ortho-
graphic projection of at least one of the plurality of branch
structures connected to the first side of the main body
structure on the first base plate; and

[0015] an orthographic projection of the second conduc-
tive structure on the first base plate partially overlaps an
orthographic projection of at least one of the plurality of
branch structures connected to the second side of the main
body structure on the first base plate.

[0016] In an embodiment, the first electrode layer is a
microstrip, and a ground electrode is at a side of the first base
plate distal to the liquid crystal layer.

[0017] In an embodiment, the first and second conductive
structures are connected to conductive terminals of the
ground electrode through conductive wires, respectively,
and at least one of a resistivity and an inductance of each of
the conductive wires is less than a corresponding one of a
resistivity and an inductance of an ITO material.

[0018] In an embodiment, the first and second conductive
structures are both plate electrodes.

[0019] Inan embodiment, only one of the first side and the
second side of the main body structure is connected with the
plurality of branch structures, and the second electrode layer
is at only one side of the second base plate corresponding to
the plurality of branch structures.

[0020] In an embodiment, the second electrode layer is a
plate electrode.
[0021] In an embodiment, the first electrode layer is a

microstrip, and a ground electrode is at a side of the first base
plate distal to the liquid crystal layer.

[0022] In an embodiment, the second electrode layer is
connected to a conductive terminal of the ground electrode
through a conductive wire, and at least one of a resistivity
and an inductance of the conductive wire is less than a
corresponding one of a resistivity and an inductance of an
ITO material.

[0023] In an embodiment, the plurality of branch struc-
tures at a same side of the main body structure have a same
shape.

[0024] In an embodiment, every adjacent two of the plu-
rality of branch structures at the same side have a same
distance therebetween.

[0025] Inan embodiment, the main body structure and the
plurality of branch structures at either of the first and second
sides are an integrally formed structure.

[0026] In an embodiment, a material of the first substrate
includes at least one of glass, ceramic and high-purity quartz
glass.

[0027] In an embodiment, the liquid crystal layer includes

positive liquid crystal molecules, and an angle between a
long axis direction of each of the positive liquid crystal
molecules and a plane where the first base plate is located is
greater than O degree and equal to or less than 45 degrees.
[0028] In an embodiment, the liquid crystal layer includes
negative liquid crystal molecules, and an angle between a
long axis direction of each of the negative liquid crystal
molecules and a plane where the first base plate is located is
greater than 45 degrees and smaller than 90 degrees.

[0029] In an embodiment, the main body structure of the
first electrode layer includes an impedance matching region,
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which is triangular or trapezoidal in a plan view, and is
configured to make impedances of portions of the first
electrode layer match to each other.

[0030] In an embodiment, a thickness of a portion of the
liquid crystal layer between the first electrode layer and the
second electrode layer is in a range of 5 microns to 20
microns.

[0031] A second aspect of the present disclosure provides
a liquid crystal antenna, including the liquid crystal phase
shifter according to any one of the embodiments of the
present disclosure.

[0032] A third aspect of the present disclosure provides a
communication apparatus, including the liquid crystal
antenna according to the embodiment of the present disclo-
sure.

[0033] A fourth aspect of the present disclosure provides
a method for operating a liquid crystal phase shifter, wherein
the liquid crystal phase shifter is the liquid crystal phase
shifter according to any one of the embodiments of the
present disclosure, and the method includes

[0034] applying a first voltage to the first electrode layer;
and
[0035] applying a second voltage different from the first

voltage to the second electrode layer to generate an electric
field between the first electrode layer and the second elec-
trode layer, such that long axes of liquid crystal molecules
of the liquid crystal layer are substantially parallel or sub-
stantially perpendicular to a direction of the electric field.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] FIG. 1 is a schematic top view of a liquid crystal
phase shifter according to an embodiment of the present
disclosure;

[0037] FIG. 2 is a schematic top view of a liquid crystal
phase shifter according to an embodiment of the present
disclosure;

[0038] FIG. 3 is a schematic side view of a liquid crystal
phase shifter according to an embodiment of the present
disclosure;

[0039] FIGS. 4A to 4C are schematic top views of liquid
crystal phase shifters according to some embodiments of the
present disclosure; and

[0040] FIG. 5 is a schematic side view of a liquid crystal
phase shifter according to an embodiment of the present
disclosure.

DETAILED DESCRIPTION

[0041] To enable one of ordinary skill in the art to better
understand the technical solutions of the present disclosure,
the present disclosure will be further described in detail
below with reference to the accompanying drawings and
exemplary embodiments.

[0042] Unless otherwise defined, technical or scientific
terms used in the present disclosure (including embodiments
and claims) should have the ordinary meaning as understood
by one of ordinary skill in the art to which the present
disclosure belongs. The use of “first,” “second,” and the like
in the present disclosure is not intended to indicate any
order, quantity, or importance, but rather is used for distin-
guishing one element from another. The word “comprising,”
“including”, or the like, means that the element or item
preceding the word contains the element or item listed after
the word and the equivalents thereof, but does not exclude
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the presence of other elements or items. The terms “con-
nected,” “coupled”, or the like is not limited to physical or
mechanical connections, but may include electrical connec-
tions, whether direct or indirect connections. The wording
“upper,” “lower,” “left,” “right,” and the like are used only
for indicating relative positional relationships in the draw-
ings, and when the absolute position of the object being
described is changed, these relative positional relationships
may also be changed accordingly.

[0043] Itis to be understood that when an element such as
a layer, film, region or substrate is referred to as being “on”
or “under” another element, it can be “directly on” or
“directly under” the other element or intervening elements
may be present.

[0044] An embodiment of the present disclosure provides
a liquid crystal phase shifter, as shown in FIG. 1. The liquid
crystal phase shifter includes first and second substrates
disposed opposite to each other, and a liquid crystal layer
(not shown in FIG. 1) disposed between the first and second
substrates. A Microstrip (which may also be referred to as
“microstrip line”) 1 is arranged at a side of the first substrate
proximal to the liquid crystal layer, and a plurality of metal
patches 2 are periodically arranged at a side of the second
substrate proximal to the liquid crystal layer. The plurality of
metal patches are connected to a ground electrode (which is
shown as a rectangular box in the upper right corner of FIG.
1 and may be located at a side of the first substrate distal to
the liquid crystal layer) by a plurality of indium tin oxide
(ITO) leads 3, respectively. For the liquid crystal phase
shifter, it is possible to change the dielectric constant of the
liquid crystal layer, by applying a first voltage to the
microstrips 1 and applying a second voltage different from
the first voltage to the plurality of metal patches 2 to form
an electric field between the microstrips 1 and the plurality
of metal patches 2 so as to drive liquid crystal molecules in
the liquid crystal layer to rotate, thereby changing the value
of capacitance formed by the microstrips 1 and the plurality
of metal patches 2 due to the microstrips 1 at least partial
overlapping the plurality of metal patches 2 in a direction
perpendicular to the first substrate or the second substrate. In
this way, a phase shift of a microwave signal is achieved (i.e.
a phase of the microwave signal is changed).

[0045] However, the inventors of the present inventive
concept found that, in the liquid crystal phase shifter shown
in FIG. 1, since each metal patch 2 is connected to the
ground electrode through the corresponding ITO lead 3, and
since the inductance and resistance of each ITO lead 3 are
relatively large, in a case that the inductance and the
resistance of each ITO lead 3 are changed by a certain
amount, the certain amount will result in a small change
amount of the capacitance formed by the microstrip 1 and
the plurality of metal patches 2. Thus, a microwave signal
will not be subjected to a sufficiently large change of the
capacitance formed by the microstrip 1 and the metal
patches 2, and therefore a desired phase shift of the micro-
wave signal may not be achieved.

[0046] Accordingly, some embodiments of the present
disclosure provide a liquid crystal phase shifter that can
effectively shift a phase of a microwave signal.

[0047] An embodiment of the present disclosure provides
a liquid crystal phase shifter, including: a first substrate and
a second substrate disposed opposite to each other, and a
liquid crystal layer positioned between the first substrate and
the second substrate. The first substrate include a first base
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plate, and a first electrode layer positioned at a side of the
first base plate proximal to the liquid crystal layer. The first
electrode layer includes a main body structure having a first
side and a second side opposite to each other with respect to
a length direction of the main body structure, and a plurality
of branch structures connected to at least one of the first side
and the second side of the main body structure. The second
substrate includes a second base plate, and a second elec-
trode layer at a side of the second base plate proximal to the
liquid crystal layer. The second electrode layer is located in
a peripheral region of the second base plate, and an ortho-
graphic projection of the second electrode layer on the first
base plate partially overlaps an orthographic projection of at
least one (e.g., each) of the plurality of branch structures on
the first base plate.

[0048] In the phase shifter according to the present
embodiment, the first electrode layer may not only transmit
microwave signals, but also receive a first voltage applied
thereto. The second electrode layer may receive a second
voltage different from the first voltage applied thereto. As
such, an electric field will be formed between the branch
structures of the first electrode layer and the second elec-
trode layer to drive the liquid crystal molecules of the liquid
crystal layer to rotate, thereby changing a dielectric constant
of the liquid crystal layer, and achieving a phase shift of a
microwave signal. In the present embodiment, since the
second electrode layer is disposed in the peripheral region of
the second base plate, a length of each ITO lead for applying
the second voltage to the second electrode layer may be
shortened, and thus the inductance and resistance of the ITO
lead may be reduced, thereby achieving a phase shift of a
microwave signal effectively.

[0049] As shown in FIGS. 2 and 3 (e.g., FIG. 3 may be a
side view of FIG. 2 viewed from the right side of FIG. 2),
an embodiment of the present disclosure provides a liquid
crystal phase shifter including: a first substrate and a second
substrate disposed opposite to each other, and a liquid crystal
layer 60 disposed between the first substrate and the second
substrate. The first substrate includes a first base plate 40,
and a first electrode layer 10 at a side of the first base plate
40 proximal to the liquid crystal layer 60. The first electrode
layer 10 includes a main body structure 11 having a first side
(e.g., an upper side in FIG. 2) and a second side (e.g., a lower
side in FIG. 2) opposite to each other with respect to a length
direction (e.g., the horizontal direction in FIG. 2) of the main
body structure 11, and the first electrode layer 10 further
includes a plurality of branch structures 12 connected to the
first side of the main body structure 11 and arranged peri-
odically. The second substrate includes a second base plate
50 and a second electrode layer 20 at a side of the second
base plate 50 proximal to the liquid crystal layer 60. The
second electrode layer 20 of the second substrate is located
in a peripheral region of the second base plate 50, and
located at a position corresponding to the plurality of branch
structures 12 on the first base plate 40. For example, the
second electrode layer 20 is located in the peripheral region
of the second base plate 50, and an outer end (e.g., the right
end in FIG. 3) of the second electrode layer 20 is flush with
the corresponding end (e.g., the right end in FIG. 3) of the
second base plate 50. An orthographic projection of the
second electrode layer 20 on the first base plate 40 partially
overlaps an orthographic projection of at least one (e.g., may
be each) of the plurality of branch structures 12 on the first
base plate 40 (or on the second base plate 50). Alternatively,
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a plurality of branch structures 12 may also be connected to
the second side of the main body structure 11. In the present
embodiment, description is made by taking the case that the
plurality of branch structures 12 are connected to the first
side of the main body structure 11 as an example.

[0050] For example, the first electrode layer 10 may be a
microstrip (i.e., the microstrip includes the main body struc-
ture 11 and the branch structures 12, and the main body
structure 11 and the branch structures 12 are integrally
formed). A ground electrode 30 may be further disposed at
a side of the first base plate 40 distal to the microstrip, and
orthographic projections of the first electrode layer 10 and
the ground electrode 30 on the first base plate 40 at least
partially overlap each other. For example, each end of the
ground electrode 30 and the corresponding end of the first
base plate 40 may be flush with each other. The ground
electrode 30 and the microstrip (i.e., the first electrode layer
10) form a microwave transmission structure such that most
of microwave signal(s) fed into the microstrip by a feed
interface will be transmitted in the first base plate 40
between the ground electrode 30 and the microstrip. In order
to reduce the loss of the microwave signal(s), the first base
plate 40 may be made of a material such as glass, ceramic,
or the like. This material does not substantially absorb the
microwave signal(s) and thus the loss of the microwave
signal(s) is small. Further, a small part of the microwave
signal(s) will be transmitted in the liquid crystal layer 60.
When a voltage is applied across the microstrip and the
second electrode layer 20, the liquid crystal molecules 61
will be driven to rotate, and the dielectric constant of the
liquid crystal layer 60 will be changed, thereby a phase shift
of each of the microwave signal(s) transmitted in the liquid
crystal layer 60 is realized. The microwave signal in the first
base plate 40 and the microwave signal in the liquid crystal
layer 60 are then interactively transmitted, thereby achieving
an overall phase shift of the microwave signal(s). In other
words, a large part of the microwave signal(s) transmitted in
the first base plate 40 and a small part of the microwave
signal(s) transmitted in the liquid crystal layer 60 may
undergo a same phase shift.

[0051] For example, the second electrode layer 20 may be
connected with a corresponding one of conductive terminals
of the ground electrode 30 (e.g., both ends of the ground
electrode 30) through a conductive wire 70, as shown in
FIG. 3. In this case, the ground electrode 30 and the second
electrode layer 20 will be provided with a same signal, and
this connection facilitates the control of the phase shifter and
also simplifies the wiring of the phase shifter. For example,
at least one of the resistivity and the inductance of the
conductive wire 70 may be less than a respective one of the
resistivity and the inductance of the ITO material. For
example, a material of the conductive wire 70 may be metal
(i.e., the conductive wire 70 may be a metal connection line),
and the metal may be copper, but is not limited thereto, and
may also be silver, etc. Alternatively, it is also possible to
provide a conductive terminal at an edge of the second
substrate (e.g., the right edges of the second base plate 50
and the second electrode layer 20 shown in FIG. 3), so as to
separately control the ground electrode 30 and the second
electrode layer 20. The length of conductive wire 70 is
significantly less than the length of each of the ITO leads
shown in FIG. 1, and the resistivity and inductance of the
metal (e.g., copper) are less than those of ITO, respectively.
Therefore, a certain amount of change in the resistivity and
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inductance of the conductive wire 70 may cause a large
amount of change in the capacitance formed by the second
electrode layer 20 and the first electrode layer 10, thereby
easily achieving a desired amount of phase shift of a
microwave signal.

[0052] For example, the sizes of the branch structures 12
of' the first electrode layer 10 are the same, and the distances
between every adjacent two of the branch structures are the
same. Alternatively, the distances between every adjacent
two of the branch structures 12 may also be distributed
according to a predetermined rule. And a width of a portion
of'each branch structure 12 overlapping the second electrode
layer 20 may be different from a width of the remaining
portion of the branch structure 12, so that a size of an
overlapping area of the branch structure 12 and the second
electrode layer 20 may be adjusted, thereby adjusting a value
of the formed capacitance, as shown in FIG. 4C. Such
configuration may be set according to the requirements of an
actual product.

[0053] For example, in the present embodiment, the main
body structure 11 and the branch structures 12 of the
microstrip may be formed as an integral structure, i.e., the
main body structure 11 and the branch structures 12 may be
formed in a same layer and made of a same material. As
such, both of the main body structure 11 and the branch
structures 12 may be formed by one patterning process,
thereby increasing the production efficiency thereof.
[0054] For example, each of the first base plate 40 and the
second base plate 50 may be a glass substrate with a
thickness of 100 microns to 1000 microns, or a sapphire
substrate, or may be a polyethylene terephthalate substrate,
a triallyl cyanurate substrate, or a transparent flexible poly-
imide substrate, which has a thickness of 10 microns to 500
microns. For example, each of the first base plate 40 and the
second base plate 50 may be made of high-purity quartz
glass having extremely low dielectric loss. Compared with
a general glass substrate, the first base plate 40 and/or the
second base plate 50 made of high-purity quartz glass may
reduce the loss of microwaves effectively, thereby ensuring
the phase shifter to have low power consumption and a high
signal-to-noise ratio. For example, the high-purity quartz
glass may refer to quartz glass in which the weight percent-
age of SiO, is 99.9% or more.

[0055] For example, a material of each of the microstrip,
the ground electrode 30, and the second electrode layer 20
may include a metal such as aluminum, silver, gold, chro-
mium, molybdenum, nickel, iron, or the like.

[0056] For example, the liquid crystal molecules 61 of the
liquid crystal layer 60 may be positive liquid crystal mol-
ecules 61 or negative liquid crystal molecules 61. It should
be noted that, in a case where the liquid crystal molecules 61
are positive liquid crystal molecules 61, an angle between a
long axis direction of each liquid crystal molecule 61 and a
plane where the first base plate 40 (or the second base plate
50) is located is greater than 0 degree and is equal to or less
than 45 degrees. In a case where the liquid crystal molecules
61 are negative liquid crystal molecules 61, an angle
between the long axis direction of each liquid crystal mol-
ecule 61 and the plane where the first base plate 40 (or the
second base plate 50) is located is greater than 45 degrees
and smaller than 90 degrees. As such, it is guaranteed that
the dielectric constant of the liquid crystal layer 60 is
changed after the liquid crystal molecules 61 are driven to
rotate, thereby achieving the purpose of phase shifting.
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[0057] The microstrip of the phase shifter according to the
present embodiment may not only transmit microwave sig-
nals, but also receive a first voltage applied to the microstrip,
and the second electrode layer 20 may receive a second
voltage, which is different from the first voltage, applied to
the second electrode layer 20. As such, an electric field may
be formed between the plurality of branch structures 12 of
the microstrip and the second electrode layer 20 to drive the
liquid crystal molecules 61 of the liquid crystal layer 60 to
rotate, thereby changing the dielectric constant of the liquid
crystal layer 60, and achieving a phase shift of a microwave
signal. Further, in the present embodiment, since the second
electrode layer 20 is disposed in the peripheral region of the
second base plate 50, the length of the conductive wire 70
for applying the second voltage to the second electrode layer
20 may be shortened, and the inductance and the resistance
of the conductive wire 70 may be further reduced. In this
way, a more effective phase shift may be performed on the
microwave signal.

[0058] As shown in FIGS. 4A to 5 (e.g., FIG. 5 may be a
side view of FIG. 4A viewed from the right side of FIG. 4A),
the present embodiment provides another liquid crystal
phase shifter, including: a first substrate and a second
substrate disposed opposite to each other, and a liquid crystal
layer 60 between the first substrate and the second substrate.
The first substrate include a first base plate 40, and a first
electrode layer 10 at a side of the first base plate 40 proximal
to the liquid crystal layer 60. The first electrode layer 10
includes a main body structure 11 having a first side (e.g., an
upper side in FIG. 4A) and a second side (e.g., a lower side
in FIG. 4A) opposite to each other with respect to a length
direction (e.g., the horizontal direction in FIG. 4A) of the
main body structure 11, and the first electrode layer 10
further includes a plurality of branch structures 12 connected
to each of the first side and the second side of the main body
structure 11. The plurality of branch structures 12 connected
to the first side and the plurality of branch structures 12
connected to the second side may be symmetric (as shown
in FIG. 4A) or asymmetric (as shown in FIG. 4B) about the
main body structure 11. The second electrode layer 20
includes a first conductive structure 21 and a second con-
ductive structure 22 located in peripheral regions of the
second base plate 50, respectively (e.g., a left end of the first
conductive structure 21 and a left end of the second base
plate 50 may be flush with each other, and a right end of the
second conductive structure 22 and a right end of the second
base plate 50 may be flush with each other, as shown in FIG.
5). Further, an orthographic projection of the first conductive
structure 21 on the first base plate 40 partially overlaps an
orthographic projection of at least one (e.g., may be each) of
the plurality of branch structures 12 connected to the first
side (e.g., the upper side in FIG. 4A) of the main body
structure 11 on the first base plate 40, and an orthographic
projection of the second conductive structure 22 on the first
base plate 40 overlaps an orthographic projection of at least
one (e.g., may be each) of the plurality of branch structures
12 connected to the second side (e.g., the lower side in FIG.
4A) of the main body structure 11 on the first base plate 40.

[0059] For example, the first electrode layer 10 may be a
microstrip (i.e., the microstrip includes the main body struc-
ture 11 and the plurality of branch structures 12 connected
to each of the first side and the second side of the main body
structure 11, and the main body structure 11 and all of the
branch structures 12 are an integrally formed structure), a
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ground electrode 30 may be further disposed at a side of the
first base plate 40 distal to the microstrip, and orthographic
projections of the microstrip (i.e., the first electrode layer 10)
and the ground electrode 30 on the first base plate 40 at least
partially overlap each other. For example, each end of the
ground electrode 30 may be flush with a corresponding end
of the first base plate 40. The ground electrode 30 and the
microstrip form a microwave transmission structure such
that most of the microwave signal(s) fed into the microstrip
by a feed interface will be transmitted in the first base plate
40 between the ground electrode 30 and the microstrip. As
described above, in order to reduce the loss of the micro-
wave signal(s), the first base plate 40 may be made of glass,
ceramic, or the like. As such, the first base plate 40 does not
substantially absorb the microwave signal(s), so that the loss
of the microwave signal is small. Further, a small part of the
microwave signal(s) will be transmitted in the liquid crystal
layer 60. When a first voltage is applied to the microstrip,
and a second voltage different from the first voltage is
applied to the first conductive structure 21 and the second
conductive structure 22, the liquid crystal molecules 61 of
the liquid crystal layer 60 will be driven to rotate, and the
dielectric constant of the liquid crystal layer 60 will be
changed, thereby achieving phase shifting of the microwave
signal(s) transmitted in the liquid crystal layer 60. Then, the
microwave signal(s) in the first base plate 40 and the
microwave signal(s) in in the liquid crystal layer 60 are
transmitted interactively, thereby achieving a phase shift of
the microwave signal(s) as a whole. As described above, the
left end of the first conductive structure 21 and the left end
of'the second base plate 50 may be flush with each other, the
right end of the second conductive structure 22 and the right
end of the second base plate 50 may be flush with each other,
and each end of the ground electrode 30 and the correspond-
ing end of the first base plate 40 may be flush with each
other. As such, each conductive wire 70 may be located only
at the outside of the phase shifter without extending into the
inside of the phase shifter, as shown in FIGS. 3 and 5,
thereby effectively reducing the length, resistance, and
inductance of each conductive wire 70. Therefore, a desired
amount of phase shift is easily achieved.

[0060] For example, the first and second conductive struc-
tures 21 and 22 may be connected with conductive terminals
of the ground electrode 30 (e.g., both ends of the ground
electrode 30) through conductive wires 70, respectively. In
this case, the signals applied to the ground electrode 30, the
first conductive structure 21 and the second conductive
structure 22 are the same, which facilitates the control of the
phase shifter. As described above, a material of the conduc-
tive wire 70 may be metal, such as copper, but is not limited
thereto, and may be silver, etc. Alternatively, it is also
possible to provide conductive terminals at the edges of the
second substrate (e.g., the left edges of the second base plate
50 and the first conductive structure 21 and the right edges
of the second base plate 50 and the second conductive
structure 22, as shown in FIG. 5) to separately control the
ground electrode 30, the first conductive structure 21, and
the second conductive structure 22.

[0061] For example, the sizes of the branch structures 12
of' the first electrode layer 10 are the same, and the distances
between every adjacent two of the branch structures con-
nected to each of the first and second sides of the main body
structure 11 are the same. Alternatively, the distances
between every adjacent two of the branch structures con-
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nected to each of the first and second sides of the main body
structure 11 may also be set according to a predetermined
rule. Moreover, a width of a portion of each branch structure
12 overlapping the first conductive structure 21 or the
second conductive structure 22 of the second electrode layer
20 may be different from a width of the remaining portion
of the branch structure 12, as shown in FIG. 4C, so as to
adjust a value of the capacitance formed between the branch
structure 12 and the second electrode layer 20. Such con-
figuration may be set according to the requirements of an
actual product.

[0062] For example, in the present embodiment, the main
body structure 11 and all of the branch structures 12 of the
first electrode layer 10 may be formed as an integral struc-
ture (i.e., one-piece structure), i.e., the main body structure
11 and all of the branch structures 12 are formed in a same
layer and made of a same material. In this way, both the main
body structure 11 and all of the branch structures 12 may be
formed in one patterning process, thereby increasing the
production efficiency thereof.

[0063] Forexample, each of the first base plate 40 and the
second base plate 50 may be a glass substrate with a
thickness of 100 microns to 1000 microns, or a sapphire
substrate, or may be a polyethylene terephthalate substrate,
a triallyl cyanurate substrate, or a transparent flexible poly-
imide substrate, which has a thickness of 10 microns to 500
microns. For example, each of the first base plate 40 and the
second base plate 50 may be made of high-purity quartz
glass having extremely low dielectric loss. Compared with
a general glass substrate, the first base plate 40 and/or the
second base plate 50 made of high-purity quartz glass may
reduce the loss of microwaves effectively, thereby ensuring
the phase shifter to have low power consumption and a high
signal-to-noise ratio. For example, the high-purity quartz
glass may refer to quartz glass in which the weight percent-
age of SiO, is 99.9% or more.

[0064] For example, a material of each of the microstrip,
the ground electrode 30, the first conductive structure 21,
and the second conductive structure 22 may be a metal such
as aluminum, silver, gold, chromium, molybdenum, nickel,
iron, or the like.

[0065] For example, the liquid crystal molecules 61 of the
liquid crystal layer 60 may be positive liquid crystal mol-
ecules 61 or negative liquid crystal molecules 61. It should
be noted that, in a case where the liquid crystal molecules 61
are positive liquid crystal molecules 61, an angle between a
long axis direction of each liquid crystal molecule 61 and a
plane where the first base plate 40 (or the second base plate
50) is located is greater than O degree and is equal to or less
than 45 degrees. In a case where the liquid crystal molecules
61 are negative liquid crystal molecules 61, an angle
between the long axis direction of each liquid crystal mol-
ecule 61 and the plane where the first base plate 40 (or the
second base plate 50) is located is greater than 45 degrees
and smaller than 90 degrees. As such, it is guaranteed that
the dielectric constant of the liquid crystal layer 60 is
changed after the liquid crystal molecules 61 are driven to
rotate, thereby achieving the purpose of phase shifting.
[0066] The microstrip of the phase shifter according to the
present embodiment may not only transmit microwave sig-
nals but also receive a first voltage applied to the microstrip,
and the first conductive structure 21 and the second con-
ductive structure 22 may receive a second voltage, which is
different from the first voltage, applied to the first conductive
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structure 21 and the second conductive structure 22. As
such, an electric field is formed between the plurality of
branch structures 12 connected to the first side of the main
body structure 11 of the microstrip and the first conductive
structure 21, and between the plurality of branch structures
12 connected to the second side of the main body structure
11 of the microstrip and the second conductive structure 22,
to drive the liquid crystal molecules 61 in respective por-
tions of the liquid crystal layer 60 to rotate, thereby changing
the dielectric constant of the liquid crystal layer 60, and
achieving phase shifting of microwave signals. In the pres-
ent embodiment, since the second electrode layer 20 is
disposed in the peripheral region of the second base plate 50,
the length of the conductive wire 70 for applying the second
voltage to the second electrode layer 20 may be shortened,
and the inductance and the resistance of the conductive wire
70 may be reduced more effectively, thereby performing a
more effective phase shift on a microwave signal.

[0067] In any one of the embodiments shown in FIGS. 2
to 5, the main body structure 11 of the first electrode layer
10 may further include an impedance matching region (e.g.,
a region where an arrow pointing towards the left in FIG. 2
or 4A is located). The impedance matching region may be a
triangle (including any type of triangle), a trapezoid, or
another shape in a plan view, configured to make imped-
ances of respective portions (e.g., a left portion and a right
portion of the arrow) of the first electrode layer 10 to match
to each other (e.g., be equal to each other), so as to reduce
energy loss of a microwave signal, thereby efficiently trans-
mitting the microwave signal. For example, the shape of the
impedance matching region in a plan view may depend on
factors such as a frequency of an input microwave signal,
shapes and sizes of the main body structure 11 and the
branch structures 12 of the first electrode 10, a shape and a
size of a conductor on the left side of the impedance
matching region of FIGS. 2 and 4A, and the like, and may
be designed according to a practical application.

[0068] In any one of the embodiments shown in FIGS. 2
to 5, a thickness of a liquid crystal cell (e.g., a size of a
portion of the liquid crystal layer 60 between the first
electrode layer 10 and the second electrode layer 20 in the
vertical direction, as shown in FIG. 5) may be between about
5 microns and about 20 microns, such as between about 5
microns and about 10 microns, such as about 5 microns. The
thickness of the liquid crystal cell is small so that the liquid
crystal molecules 61 of the liquid crystal layer 60 can rapidly
rotate in response to the presence of an electric field. As
such, the liquid crystal cell has a fast response speed.

[0069] It should be understood that although the second
electrode layer 20 in FIG. 2 and each of the first and second
conductive structures 21 and 22 in FIG. 4A are illustrated as
non-rectangular, this is merely exemplary. For example,
each of the second electrode layer 20 in FIG. 2 and the first
and second conductive structures 21 and 22 in FIG. 4A may
be rectangular or irregular in shape, as long as the size of an
overlapping area of each branch structure 12 and each of the
second electrode layer 20 in FIG. 2 and the first and second
conductive structures 21 and 22 in FIG. 4A is adjusted to
form a desired value of capacitance.

[0070] The present embodiment further provides a liquid
crystal antenna including the liquid crystal phase shifter
according to any one of the embodiments corresponding to
FIGS. 2 to 5. As described above, the phase shifting effect
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of'the liquid crystal phase shifter is excellent. Therefore, the
liquid crystal antenna has high efficiency or low power
consumption.

[0071] For example, at least two patch units may be
further disposed at a side of the second base plate 50 distal
to the liquid crystal layer 60, and for example, a gap between
any adjacent two of the patch units is set corresponding to
a gap between any adjacent two of the branch structures 12
(e.g., an orthographic projection of the gap between any
adjacent two of the patch units on the first base plate 40 or
the second base plate 50 overlaps an orthographic projection
of'the gap between any adjacent two of the branch structures
12 on the first base plate 40 or the second base plate 50). In
this way, the microwave signals phase-adjusted by the phase
shifter according to any one of the embodiments of FIGS. 2
to 5 may be radiated outwards through the gap between any
adjacent two of the patch units. Alternatively, the feed
interface may also be included in the liquid crystal antenna
for feeding a microwave signal from a cable to the micro-
wave transmission structure (e.g., the microstrip).

[0072] An embodiment of the present disclosure provides
a communication apparatus including the liquid crystal
antenna according to the above-described embodiment of
the present disclosure.

[0073] An embodiment of the present disclosure provides
a method for operating a liquid crystal phase shifter, which
may be the liquid crystal phase shifter according to any one
of the embodiments corresponding to FIGS. 2 to 5, and the
method may include: applying a first voltage to the first
electrode layer 10; and applying a second voltage different
from the first voltage to the second electrode layer 20 to
generate an electric field between the first electrode layer 10
and the second electrode layer 20, such that the long axes of
the liquid crystal molecules 61 of the liquid crystal layer 60
are substantially parallel (for positive liquid crystal mol-
ecules) or substantially perpendicular (for negative liquid
crystal molecules) to the direction of the electric field.
[0074] The embodiments described above may be com-
bined with each other in a case where there is no explicit
conflict.

[0075] It should be understood that the above embodi-
ments are merely exemplary embodiments for explaining the
principle of the present disclosure, and the present disclo-
sure is not limited thereto. It will be apparent to one of
ordinary skill in the art that various changes and modifica-
tions may be made therein without departing from the spirit
and essence of the present disclosure, and these changes and
modifications also fall within the scope of the present
disclosure.

1-23. (canceled)

24. A liquid crystal phase shifter, comprising

a first substrate and a second substrate opposite to each
other, and a liquid crystal layer between the first
substrate and the second substrate; wherein

the first substrate comprises a first base plate and a first
electrode layer at a side of the first base plate proximal
to the liquid crystal layer;

the second substrate comprises a second base plate and a
second electrode layer at a side of the second base plate
proximal to the liquid crystal layer; and

the first electrode layer comprises a main body structure
having a first side and a second side opposite to each
other with respect to a length direction of the main body
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structure, and a plurality of branch structures connected
to at least one of the first side and the second side of the
main body structure.

25. The liquid crystal phase shifter according to claim 24,
wherein the second electrode layer is in a peripheral region
of the second base plate, and an orthographic projection of
the second electrode layer on the first base plate partially
overlaps an orthographic projection of at least one of the
plurality of branch structures on the first base plate.

26. The liquid crystal phase shifter according to claim 25,
wherein each of the first side and the second side of the main
body structure is connected with the plurality of branch
structures.

27. The liquid crystal phase shifter according to claim 26,
wherein the plurality of branch structures connected to the
first side and the plurality of branch structures connected to
the second side are symmetric about the main body struc-
ture.

28. The liquid crystal phase shifter according to claim 27,
wherein the second electrode layer comprises a first con-
ductive structure and a second conductive structure;

an orthographic projection of the first conductive structure

on the first base plate partially overlaps an orthographic
projection of at least one of the plurality of branch
structures connected to the first side of the main body
structure on the first base plate; and

an orthographic projection of the second conductive struc-

ture on the first base plate partially overlaps an ortho-
graphic projection of at least one of the plurality of
branch structures connected to the second side of the
main body structure on the first base plate.

29. The liquid crystal phase shifter according to claim 28,
wherein the first electrode layer is a microstrip, and a ground
electrode is at a side of the first base plate distal to the liquid
crystal layer.

30. The liquid crystal phase shifter according to claim 29,
wherein the first and second conductive structures are con-
nected to conductive terminals of the ground electrode
through conductive wires, respectively, and at least one of a
resistivity and an inductance of each of the conductive wires
is less than a corresponding one of a resistivity and an
inductance of an ITO material.

31. The liquid crystal phase shifter according to claim 28,
wherein the first and second conductive structures are both
plate electrodes.

32. The liquid crystal phase shifter according to claim 24,
wherein only one of the first side and the second side of the
main body structure is connected with the plurality of branch
structures, and the second electrode layer is at only one side
of the second base plate corresponding to the plurality of
branch structures.

33. The liquid crystal phase shifter according to claim 32,
wherein the second electrode layer is a plate electrode.

34. The liquid crystal phase shifter according to claim 32,
wherein the first electrode layer is a microstrip, and a ground
electrode is at a side of the first base plate distal to the liquid
crystal layer.
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35. The liquid crystal phase shifter according to claim 34,
wherein the second electrode layer is connected to a con-
ductive terminal of the ground electrode through a conduc-
tive wire, and at least one of a resistivity and an inductance
of the conductive wire is less than a corresponding one of a
resistivity and an inductance of an ITO material.

36. The liquid crystal phase shifter according to claim 24,
wherein the plurality of branch structures at a same side of
the main body structure have a same shaper; and

wherein every adjacent two of the plurality of branch

structures at the same side have a same distance ther-
ebetween.

37. The liquid crystal phase shifter according to claim 24,
wherein the main body structure and the plurality of branch
structures at either of the first and second sides are an
integrally formed structure; and

wherein a material of the first substrate comprises at least

one of glass, ceramic and high-purity quartz glass.

38. The liquid crystal phase shifter according to claim 24,
wherein the liquid crystal layer comprises positive liquid
crystal molecules, and an angle between a long axis direc-
tion of each of the positive liquid crystal molecules and a
plane where the first base plate is located is greater than O
degree and equal to or less than 45 degrees; or

wherein the liquid crystal layer comprises negative liquid

crystal molecules, and an angle between a long axis
direction of each of the negative liquid crystal mol-
ecules and a plane where the first base plate is located
is greater than 45 degrees and smaller than 90 degrees.

39. The liquid crystal phase shifter according to claim 24,
wherein the main body structure of the first electrode layer
comprises an impedance matching region, which is triangu-
lar or trapezoidal in a plan view, and is configured to make
impedances of portions of the first electrode layer match to
each other.

40. The liquid crystal phase shifter according to claim 24,
wherein a thickness of a portion of the liquid crystal layer
between the first electrode layer and the second electrode
layer is in a range of 5 microns to 20 microns.

41. A liquid crystal antenna, comprising the liquid crystal
phase shifter according to claim 24.

42. A communication apparatus, comprising the liquid
crystal antenna according to claim 41.

43. A method for operating a liquid crystal phase shifter,
wherein the liquid crystal phase shifter is the liquid crystal
phase shifter according to claim 24, and the method com-
prises

applying a first voltage to the first electrode layer; and

applying a second voltage different from the first voltage

to the second electrode layer to generate an electric
field between the first electrode layer and the second
electrode layer, such that long axes of liquid crystal
molecules of the liquid crystal layer are substantially
parallel or substantially perpendicular to a direction of
the electric field.
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