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(57) ABSTRACT

The phase shifter includes a substrate; a first wire and second
wires arranged on a side of the substrate, wherein two
opposite sides of the first wire are respectively provided with
the second wires, and the first wire and the second wires are
arranged in parallel and insulated from each other; a hydro-
phobic conductive part, which is arranged crosswise with
the first wire and is insulated from the first wire, and at least
one end of the hydrophobic conductive part is overlapped
with the second wire at one side of the first wire, and is
insulated from the second wire; and a hydrophilic part,
wherein a minimum distance between an orthographic pro-
jection of the hydrophilic part on the substrate and an
orthographic projection of the hydrophobic conductive part
that does not overlap with the second wires, in a first
direction, is less than or equal to a preset value.
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PHASE SHIFTER AND METHOD FOR
PREPARING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present disclosure is a National Stage of Inter-
national Application No. PCT/CN2022/070042, filed on Jan.
4, 2022, with the title of “PHASE SHIFTER AND
METHOD FOR PREPARING THE SAME”, which is incor-
porated herein in its entirety by reference.

FIELD

[0002] The application relates to the technical field of
Micro-Electro-Mechanical System, in particular to a phase
shifter and a method for preparing the phase shifter.

BACKGROUND

[0003] With the rapid development of the information age,
wireless terminals with high integration, miniaturization,
multi-function and low cost have gradually become the
development trend of communication technology. In com-
munication and radar applications, phase shifters are essen-
tial components. Micro-Electro-Mechanical — System
(MEMS) phase shifter has obvious advantages in terms of
insertion loss, power consumption, volume and cost, and has
received extensive attention in the fields of radio commu-
nication and microwave technology.

SUMMARY

[0004] The embodiments of the application adopt the
following technical solution:

[0005] On the one hand, a phase shifter is provided,
including:

[0006] a substrate;

[0007] a first wire and second wires arranged on a side
of the substrate, wherein two opposite sides of the first
wire are respectively provided with the second wires,
and the first wire and the second wires are arranged in
parallel and insulated from each other;

[0008] a hydrophobic conductive part, wherein the
hydrophobic conductive part is arranged crosswise
with the first wire and is insulated from the first wire,
and at least one end of the hydrophobic conductive part
is overlapped with the second wire at one side of the
first wire, and is insulated from the second wire; and

[0009] a hydrophilic part, wherein a minimum distance
between an orthographic projection of the hydrophilic
part on the substrate and an orthographic projection of
the hydrophobic conductive part that does not overlap
with the second wires, on the substrate, in a first
direction, is less than or equal to a preset value, and the
first direction is parallel to a setting direction of the first
wire.

[0010] In an embodiment, the orthographic projection of
the hydrophilic part on the substrate is located on at least one
side of the orthographic projection of the hydrophobic
conductive part on the substrate.

[0011] In an embodiment, the hydrophilic part is arranged
on one side of the substrate, on which the hydrophobic
conductive part is located, and is located in areas between
the first wire and the second wires.

[0012] Inanembodiment, the first wire includes a first side
and a second side opposite to each other, an area between the
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first side of the first wire and the second wire set on the first
side of the first wire is a first area, an area between the
second side of the first wire and the second wire set on the
second side of the first wire is a second area; and
[0013] the hydrophilic part includes a plurality of
hydrophilic units, the plurality of hydrophilic units are
divided into two groups, a first group of the plurality of
hydrophilic units are located in the first area, and a
second group of the plurality of hydrophilic units are
located in the second area.
[0014] In an embodiment, each group of the hydrophilic
units is divided into a first part and a second part, ortho-
graphic projections of the hydrophilic units of the first part
on the substrate are located on a first side of the orthographic
projection of the hydrophobic conductive part on the sub-
strate, and orthographic projections of the hydrophilic units
of the second part on the substrate are located on a second
side of the orthographic projection of the hydrophobic
conductive part on the substrate, opposite to the first side of
the orthographic projection of the hydrophobic conductive
part on the substrate.
[0015] In an embodiment, in the respective parts of the
respective groups of the hydrophilic units, the hydrophilic
units have a same hydrophilicity.
[0016] In an embodiment, in the respective parts of the
respective groups of the hydrophilic units, a plurality of the
hydrophilic units arranged along a second direction do not
contact each other, and the second direction intersects the
first direction.
[0017] In an embodiment, the respective parts of the
respective groups of the hydrophilic units include two
hydrophilic units arranged along the second direction, and
separated by a first distance, the first distance is less than or
equal to a height of the hydrophobic conductive part, and the
height of the hydrophobic conductive part is a distance
between the hydrophobic conductive part and the first wire
when the hydrophobic conductive part is not powered on.
[0018] In an embodiment, in the respective parts of the
respective groups of hydrophilic units, the hydrophilic unit
includes a hydrophilic layer with hydrophilicity decreasing
in a direction from an area far from the hydrophobic
conductive part to an area close to the hydrophobic conduc-
tive part.
[0019] Inan embodiment, the hydrophilic layer includes a
first hydrophilic sublayer and a second hydrophilic sublayer,
compared with the second hydrophilic sublayer, the first
hydrophilic sublayer is further away from the hydrophobic
conductive part, and a contact angle of the first hydrophilic
sublayer is smaller than a contact angle of the second
hydrophilic sublayer.
[0020] In an embodiment, the contact angle of the first
hydrophilic sublayer is A, A<10°, and the contact angle of
the second hydrophilic sublayer is B, 20°= B=65°.
[0021] In an embodiment, the phase shifter further
includes a first hydrophobic part, and the first hydrophobic
part is arranged on a side of the substrate, on which the
hydrophobic conductive part is located, and is located in the
areas between the first wire and the second wires; and
[0022] an orthographic projection of the first hydropho-
bic part on the substrate is located within the ortho-
graphic projection of the hydrophobic conductive part
on the substrate.
[0023] In an embodiment, a contact angle of the first
hydrophobic part is C, 170°< C= 180°.
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[0024] In an embodiment, the first hydrophobic part
includes a plurality of hydrophobic units arranged in an
array.

[0025] In an embodiment, the hydrophilic part is cross

arranged with the first wire and insulated from the first wire,
and at least one end of the hydrophilic part is overlapped
with the second wire at one side of the first wire, and is
insulated from the second wire.

[0026] In an embodiment, both ends of the hydrophilic
part are respectively overlapped with the second wires on
both sides of the first wire, and are insulated from the second
wires; and

[0027] one end of the hydrophobic conductive part is
overlapped with the second wire on one side of the first
wire, and is insulated from the second wire, and another
end of the hydrophobic conductive part is suspended.

[0028] In an embodiment, a height of the hydrophilic part
is lower than that of the hydrophobic conductive part by
0.1-10 microns, the height of the hydrophilic part is a
distance between the hydrophilic part and the first wire, and
the height of the hydrophobic conductive part is a distance
between the hydrophobic conductive part and the first wire
when the hydrophobic conductive part is not powered on.
[0029] In an embodiment, the orthographic projection of
the hydrophilic part on the substrate are respectively located
on both sides of the orthographic projection of the hydro-
phobic conductive part on the substrate.

[0030] In an embodiment, the phase shifter further
includes second hydrophobic parts, and the second hydro-
phobic parts are arranged on one side of the substrate, on
which the hydrophobic conductive part is located, and are
located in the areas between the first wire and the second
wires.

[0031] In an embodiment, the hydrophobic conductive
part includes a conductive layer and a hydrophobic layer
covering an exposed part of the conductive layer.

[0032] On the other hand, a method for preparing the
above phase shifter is provided, including:

[0033] providing the substrate;

[0034] forming the first wire and the second wires on
the side of the substrate, wherein two opposite sides of
the first wire are respectively provided with the second
wires, and the first wire and the second wires are
arranged in parallel and insulated from each other;

[0035] forming the hydrophobic conductive part,
wherein the hydrophobic conductive part is arranged
crosswise with the first wire and is insulated from the
first wire, and at least one end of the hydrophobic
conductive part is overlapped with the second wire at
one side of the first wire, and is insulated from the
second wire; and

[0036] forming a hydrophilic part, wherein the mini-
mum distance between the orthographic projection of
the hydrophilic part on the substrate and the ortho-
graphic projection of the hydrophobic conductive part
that does not overlap with the second wires, on the
substrate, in the first direction, is less than or equal to
the preset value, and the first direction is parallel to the
setting direction of the first wire.

[0037] The above description is only an overview of the
technical solution of the application. In order to better
understand the technical means of the application, it may be
implemented according to the content of the description, and
in order to make the above and other purposes, features and

Jul. 18, 2024

advantages of the application more apparent and understand-
able, the specific implementations of the application are
described below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] In order to more clearly describe the embodiments
of the application or the technical solution in the prior art,
the following will briefly introduce the drawings needed to
be used in description of the embodiments or the prior art.
Apparently, the drawings in the following description are
some embodiments of the application. For ordinary skilled
in the art, they may also obtain other drawings based on
these drawings without paying creative labor.

[0039] FIG. 1 is a 45° top view schematically showing a
first phase shifter;

[0040] FIG. 2 is a sectional view along a CC direction of
FIG. 1,

[0041] FIG. 3 is a 90° top view of the phase shifter shown
in FIG. 1;

[0042] FIG. 4 is a 45° top view schematically showing a

second phase shifter;

[0043] FIG. 5 is a 90° top view of the phase shifter shown
in FIG. 4;
[0044] FIG. 6 is a 45° top view schematically showing a

third phase shifter;

[0045] FIG. 7 is a 90° top view of the phase shifter shown
in FIG. 6;
[0046] FIG. 8 is a 45° top view schematically showing a

fourth phase shifter;

[0047] FIG. 9 is a 90° top view of the phase shifter shown
in FIG. 8;
[0048] FIG. 10 is a structure diagram of the phase shifter

shown in FIG. 8 looking in an OA direction;

[0049] FIG. 11 is a 45° top view schematically showing a
fifth phase shifter;

[0050] FIG. 12 is a 90° top view of the phase shifter shown
in FIG. 11; and

[0051] FIG. 13 is a view schematically illustrating a
principle of water droplets moving towards a hydrophilic
unit.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0052] In order to make the purposes, technical solutions
and advantages of the embodiments of the application
clearer, the following will describe the technical solutions in
the embodiments of the application clearly and completely
in combination with the drawings in the embodiments of the
application. Apparently, the described embodiments are part
of'the embodiments of the application, not all of the embodi-
ments of the application. Based on the embodiments in the
application, all other embodiments obtained by ordinary
skilled in the art without doing creative work belong to the
scope of protection in the application.

[0053] Inthe embodiments of the application, words such
as “first” and “second” are used to distinguish the same or
similar items with basically the same function and action,
which is only for the purpose of clearly describing the
technical solution of the embodiments of the application,
and cannot be understood as indicating or implying the
relative importance or implicitly indicating the quantity of
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the indicated technical features. In addition, “a plurality of”
means two or more, and “at least one” means one or more,
unless otherwise specified.

[0054] MEMS phase shifters are prone to adhesion when
working in a humid environment, thus reducing the reliabil-
ity and quality of products.

[0055] An embodiment of the application provides a phase
shifter, as shown in FIGS. 1-13, including:

[0056] a substrate 10, wherein a material of the sub-
strate may include silicon nitride, silicon oxide, silicon
or a semiconductor material such as gallium nitride and
so on, which may be specifically prepared by means of
magnetron sputtering, or chemical meteorological
deposition and so on;

[0057] a first wire 1 and second wires 2 arranged on a
side of the substrate 10, wherein two opposite sides of
the first wire 1 are respectively provided with the
second wires 2, and the first wire 1 and the second wires
2 are arranged in parallel and insulated from each other;

[0058] a hydrophobic conductive part 3, wherein the
hydrophobic conductive part 3 is arranged crosswise
with the first wire 1 and is insulated from the first wire
1, and at least one end of the hydrophobic conductive
part 3 is overlapped with the second wire 2 at one side
of the first wire 1, and is insulated from the second wire
2; and

[0059] a hydrophilic part 4 (including hydrophilic units
40 shown in FIG. 1), wherein a minimum distance L.
between an orthographic projection of the hydrophilic
part on the substrate and an orthographic projection of
the hydrophobic conductive part 3 that does not overlap
with the second wires, on the substrate, in a first
direction, is less than or equal to a preset value, and the
first direction OA is parallel to a setting direction of the
first wire 1.

[0060] It should be noted that the hydrophobic conductive
part is configured so that there is a gap between the hydro-
phobic conductive part and the first wire, and the hydro-
phobic conductive part and the first wire do not contact each
other when no power is applied on them. When the power is
applied on them, the hydrophobic conductive part deforms
to a side close to the first wire 1.

[0061] A structure of the above hydrophobic conductive
part is not limited. For example, the hydrophobic conductive
part may include a hydrophobic conductive bridge. The
hydrophobic conductive bridge is a simply supported beam
structure, that is, as shown in FIG. 1, both ends of the
hydrophobic conductive part 3 are respectively overlapped
with the second wires 2 on both sides of the first wire 1 and
insulated from the second wires 2. Alternatively, the hydro-
phobic conductive part may include a hydrophobic cantile-
ver beam. As shown in FIG. 8, one end of the hydrophobic
conductive part 3 is overlapped with the second wire 2 on
one side of the first wire 1, and is insulated from the second
wire 2, while the other end is suspended.

[0062] The hydrophobic conductive part has hydrophobic-
ity and conductivity, and its structure is not limited. For
example, referring to that shown in FIG. 2, the hydrophobic
conductive part 3 includes a conductive layer 31 and a
hydrophobic layer 32 covering an exposed part of the
conductive layer 31. A material of the conductive layer may
include metal materials such as copper, aluminum or gold
and so on, which may be prepared by means of magnetron
sputtering, thermal evaporation or electroplating and so on.
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A material of the hydrophobic layer may include fluorine-
containing materials such as fluorocarbon compounds and so
on, for example, perfluorooctanoic acid, which may be
specifically prepared by means of liquid deposition (such as
liquid phase self-assembly), electrodeposition or solid phase
deposition (such as chemical vapor deposition) and so on. A
contact angle of the hydrophobic layer may be greater than
90°, such as 95°, 100°, 130°, 150° or 170°, and so on. The
contact angle refers to an angle by which a liquid phase is
clamped by a gas liquid interface tangent line and a solid
liquid interface tangent line at a solid liquid gas three-phase
junction on a solid surface, when a liquid drop is dropped on
a solid horizontal plane. The contact angle may be measured
by relevant instruments.

[0063] The above hydrophilic part is hydrophilic, and its
structure is not limited. For example, the hydrophilic part
may include hydrophilic units 40 arranged on a side of the
substrate as shown in FIGS. 1 and 4. Alternatively, as shown
in FIG. 11, the hydrophilic part 4 may further include a
hydrophilic simply supported beam structure. The specific
materials of the hydrophilic part are not limited, for
examples, may include hydrophilic materials such as silicon
dioxide or silicon nitride, and so on. The contact angle of the
hydrophilic part is less than or equal to 65°, such as 10°, 30°,
50°, 60° or 65°, and so on.

[0064] The minimum distance (for example, [. shown in
FIGS. 3, 5, 9 and 12) between the orthographic projection of
the above hydrophilic part on the substrate and the ortho-
graphic projection of the hydrophobic conductive part that
does not overlap with the second wires, on the substrate, is
less than or equal to the preset value in the first direction.
Here, the preset value may be selected according to the
actual situation. For example, the preset value may be 60
microns, and the minimum distance may be 0 microns, 10
microns, 20 microns, 30 microns, 40 microns, 50 microns,
and so on. If the minimum distance is too large, it is not
conducive for the hydrophilic part to lead water vapor, water
droplets, etc. from an area where the hydrophobic conduc-
tive part is located. If the minimum distance is too small, the
influence of water vapor and water droplet on the phase
shifter cannot be completely avoided.

[0065] Materials of the above first and second wire may
include metal materials such as copper, aluminum or gold,
and so on, or conductive metal oxides, for example, the
material such as indium tin oxide or zinc oxide, and so on,
which may be specifically prepared by means of magnetron
sputtering, thermal evaporation, or electroplating, and so on.
[0066] In order to ensure that the hydrophobic conductive
part and the first wire are mutually insulated, the above
phase shifter may further include a first insulating part 5 as
shown in FIG. 2. The first insulating part 5 is arranged on a
side of the first wire 1 close to the hydrophobic conductive
part 3. In order to ensure that the hydrophobic conductive
part 3 and the second wires 2 are mutually insulated, the
phase shifter may further include second insulating parts 6
as shown in FIG. 2. The second insulating parts 6 are
arranged on sides of the second wires 2 close to the
hydrophobic conductive part 3. Materials of first insulating
part and the second insulating parts may adopt insulating
materials such as silicon nitride or silicon oxide, and so on,
which may be specifically prepared by means of magnetron
sputtering or chemical vapor deposition, and so on.

[0067] The above first wire may be used as a Coplanar
Waveguide (CPW) signal line, and the second wires may be
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used as a CPW ground wire. The first wire and the second
wires cooperate to form a coplanar waveguide transmission
line. A phase-shifting principle of the phase shifter is: when
the hydrophobic conductive part is not energized, that is, no
driving voltage is applied on the hydrophobic conductive
part, there is a gap between the hydrophobic conductive part
and the first insulating part, and the hydrophobic conductive
part and the first insulating part do not contact each other,
and when a high-frequency signal passes through the phase
shifter, the high-frequency signal has no phase change.
When the hydrophobic conductive part is energized, that is,
a driving voltage is applied on the hydrophobic conductive
part, the hydrophobic conductive part deforms to a side close
to the first insulating part under an action of electrostatic
force, and when the driving voltage is large enough, the
electrostatic force pulls the hydrophobic conductive part
down to contact with the first insulating part. After the
hydrophobic conductive part is deformed, the distance
between the hydrophobic conductive part and the first wire
is changed, thus changing distributed capacitance of the
coplanar waveguide transmission line, thus making the
coplanar waveguide transmission line be a slow wave sys-
tem, which plays a role of phase delay.

[0068] In this application, if water droplets are generated
in an area where the hydrophobic conductive part is located,
since the hydrophobic conductive part is hydrophobic and
the hydrophilic part is hydrophilic, the water droplets will be
directed to an area where the hydrophilic part is located,
thereby reducing adhesion caused by the water droplets,
thereby improving product performance and improving reli-
ability of working in a humid environment.

[0069] In one or more embodiments, the orthographic
projection of the hydrophilic part on the substrate is
arranged on at least one side of the orthographic projection
of the hydrophobic conductive part on the substrate. In order
to protect the hydrophobic conductive part to the greatest
extent and avoid an adhesion problem due to the influence
of water droplets on it, the orthographic projection of the
hydrophilic part on the substrate are located on both sides of
the orthographic projection of the hydrophobic conductive
part on the substrate. At this time, areas of both sides of the
hydrophobic conductive part (i.e., an upper side and a lower
side along a second direction, i.e., an OB direction, as shown
in FIG. 1) are provided with the hydrophilic part.

[0070] A structure of the hydrophilic part is provided
below.
[0071] In an embodiment, referring to that shown in FIG.

1, FIG. 4, FIG. 6 and FIG. 8, the hydrophilic part is arranged
on one side of the substrate, on which the hydrophobic
conductive part is located, and is located in areas between
the first wire 1 and the second wires 2.

[0072] Inanembodiment, the first wire includes a first side
and a second side opposite to each other. An area between
the first side of the first wire and the second wire set on the
first side of the first wire is a first area (for example, D1
shown in FIGS. 1, 4, 6 and 8). An area between the second
side of the first wire and the second wire set on the second
side of the first wire is a second area (for example, D2 shown
in FIGS. 1, 4, 6 and 8).

[0073] The hydrophilic part includes a plurality of hydro-
philic units (for example, reference sign 40 shown in FIGS.
1, 4 and 8). The plurality of hydrophilic units are divided
into two groups. A first group of the plurality of hydrophilic
units are located in the first area (for example, D1 shown in
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FIGS. 1, 4 and 8), and a second group of the plurality of
hydrophilic units are located in the second area (for
example, D2 shown in FIGS. 1, 4 and 8).

[0074] A number of hydrophilic units included in the
above first group and the second group may be the same, or
they may be different, which is not limited here. For
example, the hydrophilic units included in the first group and
the second group may be symmetrically distributed with
respect to the first wire.

[0075] In this way, hydrophilic units are set on both sides
of the first wire, which may lead the water droplets on both
sides of the first wire to the hydrophilic units, so as to avoid
the influence of the water droplets on the hydrophobic
conductive bridge.

[0076] Further in an embodiment, each group of hydro-
philic units is divided into a first part (for example, reference
sign 41 shown in FIGS. 1, 4 and 8) and a second part (for
example, reference sigh 42 shown in FIGS. 1, 4 and 8).
Orthographic projections of the hydrophilic units of the first
part on the substrate are located on a first side of the
orthographic projection of the hydrophobic conductive part
on the substrate, and orthographic projections of the hydro-
philic units of the second part on the substrate are located on
a second side of the orthographic projection of the hydro-
phobic conductive part on the substrate opposite to the first
side thereof. In this way, areas of both sides of the hydro-
phobic conductive part (i.e., the upper side and the lower
sides along the second direction, i.e., the OB direction, as
shown in FIG. 1) are provided with the hydrophilic units,
which may further improve a guiding effect on the water
droplets and guide the water droplets to the hydrophilic
units.

[0077] A number of hydrophilic units included in the first
part and the second part may be the same or different, which
is not limited here. For example, the hydrophilic units
included in the first part and the second part may be
symmetrically distributed in a mirror image.

[0078] Insomeembodiments, in the respective parts of the
respective groups of hydrophilic units, the hydrophilic units
have the same hydrophilicity. The hydrophilic units, also
known as hydrophilic synapses, may be made of the same
hydrophilic material. For example, silicon nitride or silicon
dioxide may be used.

[0079] In an embodiment, in the respective parts of the
respective groups of hydrophilic units, with reference to that
shown in FIG. 1, FIG. 4 and FIG. 8, a plurality of hydro-
philic units 40 arranged along the second direction, i.e., the
OB direction, do not contact each other, and the second
direction, i.e., the OB direction, intersects in the first direc-
tion, i.e., the OA direction. This facilitates water droplets to
flow, so as to be far away from the area where the hydro-
phobic conductive part is located. Here, the second direction
and the first direction may intersect vertically or non-
vertically, which is no limited here. The embodiments of the
present application and the accompanying drawings are
described by taking a vertical intersection of the second
direction and the first direction as an example.

[0080] Further in an embodiment, opposite side faces of
two hydrophilic units included in the respective parts of the
respective groups of hydrophilic units, are flat or uneven.
[0081] In the case that the opposite side faces of two
hydrophilic units included in the respective parts of the
respective groups of hydrophilic units are flat, the side faces
may be straight faces or inclined faces as shown in FIG. 1,
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which is not limited here. In order to simplify a composition
process, it may be selected that the opposite side faces of two
hydrophilic units included in the respective parts of the
respective groups of hydrophilic units are flat.

[0082] In the case that the opposite side faces of two
hydrophilic units included in the respective parts of the
respective groups of hydrophilic units are uneven, the side
faces may be serrated as shown in FIG. 4 and FIG. 5, or have
a plurality of grooves as shown in FIG. 8 and FIG. 9. They
may also be other shapes, which is not limited here.
[0083] Here, a specific shape of the hydrophilic unit is not
limited here. For example, the shape of the hydrophilic unit
may include a box, a cylinder, a circular platform, or a stair
platform, and so on.

[0084] In an embodiment, referring to that shown in FIG.
3, FIG. 5 and FIG. 9, the respective parts of the respective
groups of hydrophilic units include two hydrophilic units 40
arranged along the second direction, i.e., the OB direction,
and separated by a first distance L1. The first distance is less
than or equal to a height of the hydrophobic conductive part.
The height of the hydrophobic conductive part is a distance
between the hydrophobic conductive part and the first wire
when the hydrophobic conductive part is not powered on.
[0085] According to the relevant technology, in an area of
a micrometer scale hydrophilic narrow slot, water droplets
are more likely to condense than that in the hydrophobic
plane. From this, it may be deduced that the first distance
shall be less than or equal to the height of the hydrophobic
conductive part within micrometer scale, so that it may be
better prevented from water droplets affecting the hydro-
phobic conductive part.

[0086] Insomeembodiments, in the respective parts of the
respective groups of hydrophilic units, referring to that
shown in FIGS. 6 and 7, the hydrophilic unit includes a
hydrophilic layer 43 with hydrophilicity decreasing in a
direction from an area far from the hydrophobic conductive
part to an area close to the hydrophobic conductive part, so
as to better guide water droplets away from the hydrophobic
conductive part. Here, the hydrophilic layer may include
materials with different hydrophilicity, which is no specific
limited here.

[0087] Inan embodiment, referring to that shown in FIGS.
6 and 7, the hydrophilic layer 43 includes a first hydrophilic
sublayer 431 and a second hydrophilic sublayer 432. Com-
pared with the second hydrophilic sublayer 432, the first
hydrophilic sublayer 431 is further away from the hydro-
phobic conductive part 3, and the contact angle of the first
hydrophilic sublayer is smaller than the contact angle of the
second hydrophilic sublayer.

[0088] In order to better guide water droplets from the area
close to the hydrophobic conductive part to the area far from
the hydrophobic conductive part, the contact angle of the
first hydrophilic sublayer is A, A<10°, and the contact angle
of the second hydrophilic sublayer is B, 20°< B=65°.
[0089] The contact angle of the above first hydrophilic
sublayer may be 2°, 4°, 6°, 8° or 10°, etc., and the contact
angle of the above second hydrophilic sublayer may be 20°,
30°, 40°, 50°, 60° or 65°, etc.

[0090] If the contact angle of the above first hydrophilic
sublayer is smaller than that of the above second hydrophilic
sublayer, the hydrophilicity of the first hydrophilic sublayer
is greater than that of the second hydrophilic sublayer. An
area where the first hydrophilic sublayer is located may be
called a super hydrophilic area, and an areca where the

Jul. 18, 2024

second hydrophilic sublayer is located may be called a
hydrophilic area. Referring to that shown in FIG. 13, the
hydrophobic conductive part 3 has great hydrophobicity, and
the hydrophilic unit 40 has great hydrophilicity. An area 101
is located in an area with great hydrophobicity, and hydro-
philicity of area 102 and area 103 increases in gradient.
Under this structure, the water droplet 100 flows to the
hydrophilic unit 40 along an arrow direction of FIG. 13, thus
far from the hydrophobic conductive part 3. In FIG. 13, the
substrate plate is marked as reference sign 10, and the
principle is described here only with the structure shown in
FIG. 13.

[0091] Here, materials of the first hydrophilic sublayer and
the second hydrophilic sublayer are not limited. For
example, the material of the first hydrophilic sublayer may
include fluorocarbon compounds, and the material of the
second hydrophilic sublayer may include fluorocarbon com-
pounds. By changing a thickness of the compounds on a
nanoscale, different hydrophilic and hydrophobic effects
may be achieved.

[0092] In one or more embodiments, referring to that
shown in FIG. 6, the phase shifter further includes a first
hydrophobic part 11. The first hydrophobic part 11 is
arranged on a side of the substrate, on which the hydropho-
bic conductive part is located, and is located in the areas
between the first wire 1 and the second wires 2. An ortho-
graphic projection of the first hydrophobic part on the
substrate is located within the orthographic projection of the
hydrophobic conductive part on the substrate. In this way, a
first hydrophobic part is arranged directly below the hydro-
phobic conductive part, which is more conducive to pushing
the water droplets directly below the hydrophobic conduc-
tive part to the hydrophilic part on both sides.

[0093] In an embodiment, in order to ensure a hydropho-
bic effect of the first hydrophobic part, the contact angle of
the first hydrophobic part is C, 170°< C=<180°. The contact
angle of the first hydrophobic part may be 170°, 175° or
180°, etc. A material of the first hydrophobic part is not
limited here. For example, the material of the first hydro-
phobic part may include fluorocarbon compound.

[0094] Further in an embodiment, in order to further
improve the hydrophobic effect of the first hydrophobic part,
referring to that shown in FIG. 6, the first hydrophobic part
11 includes a plurality of hydrophobic units 110 arranged in
an array.

[0095] Here, a shape and a number of the hydrophobic unit
are not limited. For example, the shape of the hydrophobic
unit may include a cylinder, a cube, a circular platform, or
a stair platform, and so on. In order to reduce manufacturing
difficulty, cylindrical hydrophobic units may be used.

[0096] Another structure of the hydrophilic part is pro-
vided below.
[0097] With reference to that shown on FIG. 11 and FIG.

12, the hydrophilic part 4 is cross arranged with the first wire
1 and insulated from the first wire 1. At least one end of the
hydrophilic part 4 is overlapped with the second wire 2 at
one side of the first wire 1, and is insulated from the second
wire 2.

[0098] The hydrophilic part may include a hydrophilic
simply supported beam structure as shown in FIGS. 11 and
12, that is, both ends of the hydrophilic part 4 are respec-
tively overlapped with the second wires 2 on both sides of
the first wire 1, and are insulated from the second wires 2.
Alternatively, the hydrophilic part may include a hydrophilic
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cantilever beam, one end of the hydrophilic cantilever beam
is overlapped with the second wire on one side of the first
wire and insulated from the second wire, while the other end
of'the hydrophilic cantilever beam is suspended. It should be
noted that the hydrophilic part only plays a hydrophilic role
and does not need to be energized.

[0099] A material of the above hydrophilic part may
include silicon nitride or silicon dioxide, to ensure the
hydrophilicity.

[0100] In some embodiments, with reference to that
shown in FIGS. 11 and 12, both ends of the hydrophilic part
4 are respectively overlapped with the second wires 2
located on both sides of the first wire 1, and are insulated
from the second wires 2. One end of the hydrophobic
conductive part 3 is overlapped with the second wire 2 at one
side of the first wire 1, and is insulated from the second wire
2, while the other end of the hydrophobic conductive part 3
is suspended. At this time, the hydrophilic part is a hydro-
philic simply supported beam structure, and the hydrophobic
conductive part is a hydrophobic cantilever beam structure.
[0101] Further in an embodiment, a height of the hydro-
philic part is lower than that of the hydrophobic conductive
part by 0.1-10 microns, wherein the height of the hydro-
philic part is a distance between the hydrophilic part and the
first wire, and the height of the hydrophobic conductive part
is the distance between the hydrophobic conductive part and
the first wire when the hydrophobic conductive part is not
powered on.

[0102] Specific values of the height of the hydrophilic part
and the height of the hydrophobic conductive part are not
limited here. For example, the height of the hydrophilic part
may be 0.1-50 microns, and the height of the hydrophobic
conductive part may be 0.1-50 microns.

[0103] If the height of the hydrophilic part is higher than
that of the hydrophobic conductive part, adhesion will occur
when a surface energy of the hydrophobic structure is higher
and a surface energy of the hydrophilic structure is lower. If
the height of the hydrophilic part is too much lower than that
of the hydrophobic conductive part, there is no enough
protection effect. If the height of the hydrophilic part is too
less low than that of the hydrophobic conductive part, there
is a risk of adhesion occurrence. The height of the hydro-
philic part shall be lower than that of the hydrophobic
conductive part by 0.1-10 microns, which may achieve the
protection effect.

[0104] Further optional, in order to protect the hydropho-
bic conductive part to the greatest extent and avoid the
adhesion problem due to the influence of water droplets on
it, referring to that shown in FIG. 11 and FIG. 12, the
orthographic projection of the hydrophilic part 4 on the
substrate are respectively located on both sides of the
orthographic projection of the hydrophobic conductive part
3 on the substrate. At this time, areas on both sides of the
hydrophobic conductive part (i.e., the upper side and the
lower sides along the second direction, i.e., the OB direction,
as shown in FIG. 11) are provided with the hydrophilic part
4.

[0105] In an embodiment, in order to further improve the
hydrophobic effect, referring to that shown in FIG. 12, the
phase shifter further includes second hydrophobic parts 12,
the second hydrophobic parts 12 are arranged on one side of
the substrate, on which the hydrophobic conductive part is
located, and are located in the areas between the first wire 1
and the second wires 2.
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[0106] A material of the second hydrophobic part is not
limited here. For example, the material of the second hydro-
phobic part may include fluorine-containing materials such
as fluorocarbon compounds and so on, for example, per-
fluorooctanoic acid, which may be specifically prepared by
means of liquid deposition (such as liquid phase self-
assembly), electrodeposition or solid phase deposition (such
as chemical vapor deposition) and so on. A contact angle of
the hydrophobic part may be greater than 90°, such as 95°,
100°, 130°, 150° or 170°, and so on.

[0107] The above second hydrophobic parts may cover the
areas between the first wire and the second wires, or, the
second hydrophobic parts are set in a part of the areas
between the first wire and the second wires, which is not
limited here.

[0108] A structure of the above second hydrophobic part is
not limited. For example, the second hydrophobic part may
include a layer of hydrophobic layer, or the second hydro-
phobic part may include a plurality of hydrophobic units
arranged in an array, the second hydrophobic part may
further include other structures, which will not be listed
here.

[0109] In one or more embodiments, in order to simplify
the fabrication difficulty, referring to that shown in FIG. 2,
the hydrophobic conductive part includes a conductive layer
31 and a hydrophobic layer 32 covering an exposed part of
the conductive layer.

[0110] The hydrophobic conductive part has hydrophobic-
ity and conductivity, and a material of the conductive layer
may include metal materials such as copper, aluminum or
gold and so on, which may be specifically prepared by
means of magnetron sputtering, thermal evaporation or
electroplating and so on. The material of the hydrophobic
layer may include fluorine-containing materials such as
fluorocarbon compounds and so on, for example, perfluo-
rooctanoic acid, which may be specifically prepared by
means of liquid deposition (such as liquid phase self-
assembly), electrodeposition or solid phase deposition (such
as chemical vapor deposition) and so on. A contact angle of
the hydrophobic layer may be greater than 90°, such as 95°,
100°, 130°, 150° or 170°, and so on.

[0111] An embodiment of the application further provides
a method for preparing the above phase shifter, including the
following steps S01-S04.

[0112] SO1. Providing a substrate, wherein a material of
the substrate may include silicon nitride, silicon oxide,
silicon or a semiconductor material such as gallium nitride
and so on, which may be specifically prepared by means of
magnetron sputtering, or chemical meteorological deposi-
tion and so on.

[0113] S02. Forming a first wire and second wires on a
side of the substrate, wherein two opposite sides of the first
wire are respectively provided with the second wires, and
the first wire and the second wires are arranged in parallel
and insulated from each other.

[0114] For example, the first wire and the second wires
may be formed by means of magnetron sputtering, thermal
evaporation or electroplating and so on.

[0115] SO03. Forming a hydrophobic conductive part,
wherein the hydrophobic conductive part is arranged cross-
wise with the first wire and is insulated from the first wire,
and at least one end of the hydrophobic conductive part is
overlapped with the second wire at one side of the first wire,
and is insulated from the second wire.
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[0116] The means of forming the hydrophobic conductive
part is related to the structure of the hydrophobic conductive
part. For example, if the hydrophobic conductive part
includes a conductive layer and a hydrophobic layer cover-
ing an exposed part of the conductive layer, the conductive
layer may be formed first by means of magnetron sputtering,
thermal evaporation, or electroplating and so on, and then
the hydrophobic layer may be formed by means of liquid
deposition (such as liquid phase self-assembly), electrode-
position, or solid phase deposition (such as chemical vapor
deposition) and so on.

[0117] SO04. Forming a hydrophilic part, wherein a mini-
mum distance between an orthographic projection of the
hydrophilic part on the substrate and an orthographic pro-
jection of the hydrophobic conductive part that does not
overlap with the second wires, on the substrate, in a first
direction, is less than or equal to a preset value, and the first
direction is parallel to a setting direction of the first wire.
[0118] It should be noted that an execution sequence of
step S03 and step S04 is not limited here, and it needs to be
determined by combining the structures of hydrophobic
conductive part and hydrophilic part.

[0119] By executing the phase shifter formed in step
S01-S04, if water droplets are generated in the area where
the hydrophobic conductive part is located, since the hydro-
phobic conductive part is hydrophobic and the hydrophilic
part is hydrophilic, the water droplets will be directed to the
area where the hydrophilic part is located, thereby reducing
the adhesion caused by the water droplets, thereby improv-
ing the performance of the phase shifter and improving the
reliability of working in a humid environment. The prepa-
ration method is simple and easy to realize.

[0120] Taking the phase shifter structure shown in FIG. 1
as an example, a specific preparation method is provided
below. The method includes the following steps S10-S18.
[0121] S10. Depositing a silicon nitride layer on a silicon
dioxide substrate by plasma enhanced chemical vapor depo-
sition (PECVD).

[0122] S11. Sputtering metal copper by magnetron, and
patterning a signal line (i.e., the first wire) and a ground wire
(i.e., the second wire).

[0123] S12. Respectively depositing silicon nitride insu-
lating layers on the signal line and the ground wire, to form
a first insulating part and a second insulating part, wherein
the first insulating part is arranged at a side of the first wire
away from the silicon dioxide substrate, and the second
insulating part is arranged at a side of the second wire away
from the silicon dioxide substrate.

[0124] S13. Forming a sacrificial layer.

[0125] S14. Depositing a copper simply supported beam,
to form a conductive layer of a hydrophobic conductive part.
[0126] S15. Depositing silicon dioxide hydrophilic units,
to form a hydrophilic part.

[0127] S16. Using photoresist to protect the silicon diox-
ide hydrophilic units, and releasing the sacrificial layer.
[0128] S17. Depositing fluorocarbon polymer by low pres-
sure chemical vapor deposition (LPVCD), to perform a
hydrophobic treat on whole structure, so as to form the
hydrophobic conductive part.

[0129] S18. Peecling the photoresist, to form the phase
shifter as shown in FIG. 1.

[0130] The “one embodiment”, “an embodiment™ or “one
or more embodiments” herein means that the specific fea-
tures, structures or characteristics described in combination
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with the embodiment are included in at least one embodi-
ment of the application. In addition, please note that the
word examples “in one embodiment™ here do not necessarily
refer to the same embodiment.

[0131] In the specification provided here, a lot of specific
details are explained. However, it may be understood that
the embodiments of the present application may be practiced
without these specific details. In some examples, well-
known methods, structures and techniques are not shown in
detail, so as not to obscure the understanding of this speci-
fication.

[0132] Finally, it should be noted that the above embodi-
ments are only used to illustrate the technical solution of the
application, not to limit it. Although the application has been
described in detail with reference to the above embodiments,
those ordinary skilled in the art should understand that they
may still modify the technical solutions recorded in the
above embodiments, or equivalent replace some of the
technical features therein. However, these modifications or
substitutions do not make the essence of the corresponding
technical solutions separate from the spirit and scope of the
technical solutions of the embodiments of the application.

1. A phase shifter, comprising:
a substrate;

a first wire and second wires arranged on a side of the
substrate, wherein two opposite sides of the first wire
are respectively provided with the second wires, and
the first wire and the second wires are arranged in
parallel and insulated from each other;

a hydrophobic conductive part, wherein the hydrophobic
conductive part is arranged crosswise with the first wire
and is insulated from the first wire, and at least one end
of the hydrophobic conductive part is overlapped with
the second wire at one side of the first wire, and is
insulated from the second wire; and

a hydrophilic part, wherein a minimum distance between
an orthographic projection of the hydrophilic part on
the substrate and an orthographic projection of the
hydrophobic conductive part that does not overlap with
the second wires, on the substrate, in a first direction,
is less than or equal to a preset value, and the first
direction is parallel to a setting direction of the first
wire.

2. The phase shifter according to claim 1, wherein the
orthographic projection of the hydrophilic part on the sub-
strate is located on at least one side of the orthographic
projection of the hydrophobic conductive part on the sub-
strate.

3. The phase shifter according to claim 1, wherein the
hydrophilic part is arranged on one side of the substrate, on
which the hydrophobic conductive part is located, and is
located in areas between the first wire and the second wires.

4. The phase shifter according to claim 3, wherein the first
wire comprises a first side and a second side opposite to each
other, an area between the first side of the first wire and the
second wire set on the first side of the first wire is a first area,
an area between the second side of the first wire and the
second wire set on the second side of the first wire is a
second area; and

the hydrophilic part comprises a plurality of hydrophilic
units, the plurality of hydrophilic units are divided into
two groups, a first group of the plurality of hydrophilic
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units are located in the first area, and a second group of
the plurality of hydrophilic units are located in the
second area.

5. The phase shifter according to claim 4, wherein each
group of the hydrophilic units is divided into a first part and
a second part, orthographic projections of the hydrophilic
units of the first part on the substrate are located on a first
side of the orthographic projection of the hydrophobic
conductive part on the substrate, and orthographic projec-
tions of the hydrophilic units of the second part on the
substrate are located on a second side of the orthographic
projection of the hydrophobic conductive part on the sub-
strate, opposite to the first side of the orthographic projection
of the hydrophobic conductive part on the substrate.

6. The phase shifter according to claim 5, wherein in the
respective parts of the respective groups of the hydrophilic
units, the hydrophilic units have a same hydrophilicity.

7. The phase shifter according to claim 6, wherein in the
respective parts of the respective groups of the hydrophilic
units, a plurality of the hydrophilic units arranged along a
second direction do not contact each other, and the second
direction intersects the first direction.

8. The phase shifter according to claim 7, wherein the
respective parts of the respective groups of the hydrophilic
units comprise two hydrophilic units arranged along the
second direction, and separated by a first distance, the first
distance is less than or equal to a height of the hydrophobic
conductive part, and the height of the hydrophobic conduc-
tive part is a distance between the hydrophobic conductive
part and the first wire when the hydrophobic conductive part
is not powered on.

9. The phase shifter according to claim 5, wherein, in the
respective parts of the respective groups of hydrophilic
units, the hydrophilic unit comprises a hydrophilic layer
with hydrophilicity decreasing in a direction from an area far
from the hydrophobic conductive part to an area close to the
hydrophobic conductive part.

10. The phase shifter according to claim 9, wherein the
hydrophilic layer comprises a first hydrophilic sublayer and
a second hydrophilic sublayer, compared with the second
hydrophilic sublayer, the first hydrophilic sublayer is further
away from the hydrophobic conductive part, and a contact
angle of the first hydrophilic sublayer is smaller than a
contact angle of the second hydrophilic sublayer.

11. The phase shifter according to claim 10, wherein the
contact angle of the first hydrophilic sublayer is A, A<10°,
and the contact angle of the second hydrophilic sublayer is
B, 20°=B=65°.

12. The phase shifter according to of claim 3, wherein the
phase shifter further comprises a first hydrophobic part, and
the first hydrophobic part is arranged on a side of the
substrate, on which the hydrophobic conductive part is
located, and is located in the areas between the first wire and
the second wires; and

an orthographic projection of the first hydrophobic part on

the substrate is located within the orthographic projec-
tion of the hydrophobic conductive part on the sub-
strate.

13. (canceled)

14. The phase shifter according to claim 12, wherein the
first hydrophobic part comprises a plurality of hydrophobic
units arranged in an array.
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15. The phase shifter according to claim 1, wherein the
hydrophilic part is cross arranged with the first wire and
insulated from the first wire, and at least one end of the
hydrophilic part is overlapped with the second wire at one
side of the first wire, and is insulated from the second wire.

16. The phase shifter according to claim 15, wherein both
ends of the hydrophilic part are respectively overlapped with
the second wires on both sides of the first wire, and are
insulated from the second wires; and

one end of the hydrophobic conductive part is overlapped
with the second wire on one side of the first wire, and
is insulated from the second wire, and another end of
the hydrophobic conductive part is suspended.

17. The phase shifter according to claim 15, wherein a
height of the hydrophilic part is lower than that of the
hydrophobic conductive part by 0.1-10 microns, the height
of the hydrophilic part is a distance between the hydrophilic
part and the first wire, and the height of the hydrophobic
conductive part is a distance between the hydrophobic
conductive part and the first wire when the hydrophobic
conductive part is not powered on.

18. The phase shifter according to claim 15, wherein the
orthographic projection of the hydrophilic part on the sub-
strate are respectively located on both sides of the ortho-
graphic projection of the hydrophobic conductive part on the
substrate.

19. The phase shifter according to claim 15, wherein the
phase shifter further comprises second hydrophobic parts,
and the second hydrophobic parts are arranged on one side
of the substrate, on which the hydrophobic conductive part
is located, and are located in the areas between the first wire
and the second wires.

20. The phase shifter according to claim 1, wherein the
hydrophobic conductive part comprises a conductive layer
and a hydrophobic layer covering an exposed part of the
conductive layer.

21. A method for preparing a phase shifter according to
claim 1, comprising:
providing the substrate;

forming the first wire and the second wires on the side of
the substrate, wherein two opposite sides of the first
wire are respectively provided with the second wires,
and the first wire and the second wires are arranged in
parallel and insulated from each other;

forming the hydrophobic conductive part, wherein the
hydrophobic conductive part is arranged crosswise
with the first wire and is insulated from the first wire,
and at least one end of the hydrophobic conductive part
is overlapped with the second wire at one side of the
first wire, and is insulated from the second wire; and

forming a hydrophilic part, wherein the minimum dis-
tance between the orthographic projection of the hydro-
philic part on the substrate and the orthographic pro-
jection of the hydrophobic conductive part that does not
overlap with the second wires, on the substrate, in the
first direction, is less than or equal to the preset value,
and the first direction is parallel to the setting direction
of the first wire.
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