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(54) ANTENNA AND PHASE SHIFTER

(57) Disclosed are an antenna and a phase shifter.
The phase shifter comprises: a first circuit layer, wherein
the first circuit layer is provided with an input branch and
a first output branch, and the first output branch and the
input branch are insulated from each other; a second
circuit layer capable of moving relative to the first circuit
layer, wherein when the second circuit layer is moved to
a first position relative to the first circuit layer, the first
output branch is disconnected from the input branch, and
when the second circuit layer is moved to a second po-
sition relative to the first circuit layer, the first output
branch is connected to the input branch; and a dielectric
plate capable of moving relative to the first circuit layer,
and driving the second circuit layer to switch between
the first position and the second position. The antenna
using the phase shifter can adjust electrical down-tilt an-
gle and beam width value.
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Description

Field of the Invention

[0001] The present invention relates to the field of com-
munication technologies, and in particular to, an antenna
and a phase shifter.

Background

[0002] Increasing much more sites has become an in-
evitable choice in order to meet coverage and capacity
requirements of operators and with the development of
mobile communications. Currently, after large-scale con-
struction of base stations, in-depth coverage of residen-
tial communities, main streets and other places and blind
coverage repair work have become the focus of major
operators. The cost of adding conventional macro sta-
tions in these areas is high, and the cycle is long. At the
same time, the antenna size is large and site selection
is difficult. Therefore, in conventional technologies, mi-
cro-station antennas or low-gain directional antennas are
usually used to achieve coverage or blind coverage com-
pensation.
[0003] However, in practical applications, some cov-
erage scenarios need to adjust the value of the beam
width to cover different areas. However, a value of vertical
beam width of a micro-station antenna or other low-gain
antenna is fixed, and the corresponding coverage area
is also relatively fixed, which fails to meet actual applica-
tion requirements, consequently.

SUMMARY OF THE INVENTION

[0004] Based on this, it is necessary to provide an an-
tenna and a phase shifter which can not only adjust the
down-tilt of the antenna, but also change the number of
radiation units that are electrically connected to the an-
tenna, thereby realizing change of antenna beam width.
The antenna adopts the above-mentioned phase shifter,
which can not only realize the adjustment of the electric
down-tilt angle, but also realize the adjustment of the
value of the beam width, so that in practical applications,
the value of the beam width of the antenna can be ad-
justed according to actual needs to cover different areas.
[0005] The technical scheme is as follows.
[0006] In one aspect, the present application provides
a phase shifter, including: a first circuit layer, the first
circuit layer including an input branch and a first output
branch;

a second circuit layer, the second circuit layer being
move relative to the first circuit layer, and, when the
second circuit layer moves to a first position relative
to the first circuit layer, the first output branch being
disconnected from the input branch, when the sec-
ond circuit layer moves to a second position relative
to the first circuit layer, the first output branch being

connected to the input branch; and
a dielectric plate, which can move relative to the first
circuit layer and can drive the second circuit layer to
switch between the first position and the second po-
sition.

[0007] When the above-mentioned phase shifter is in
use, the input branch is electrically connected to an input
end of an antenna signal through an input port, and an
output port of the first output branch is used to electrically
connect to the corresponding radiation unit. When the
second circuit layer is in the first position, the radiation
unit connected to the first output branch is unenabled;
when the second circuit layer moves to the second po-
sition, the radiation unit connected to the first output
branch is in a working state, while the antenna has a
beam width value; and when the output port of the phase
shifter is connected to the radiation unit in the working
state, by moving a dielectric plate of the phase shifter,
the overlap area between the dielectric plate and the first
circuit layer can be changed, thereby adjusting the down-
tilt angle of the antenna. The phase shifter is provided
with a second circuit layer, and uses the movement of
the dielectric plate relative to the first circuit layer to drive
the second circuit layer to move relative to the first circuit
layer, which can realize the down-tilt angle adjustment.
It can also conveniently control the connection/discon-
nection of the first output branch and the input branch,
thereby changing the number of radiation units in working
state connected to the phase shifter, thereby realizing
the adjustment of the antenna beam width. The overall
structure of the phase shifter is simple and compact,
which can adapt to the requirements of different coverage
scenarios and has a broad application prospect.
[0008] The technical solution is further explained be-
low:
[0009] In one embodiment, the first output branch is
insulated from the input branch, and the second circuit
layer is provided between the first output branch and the
input branch. The second circuit layer controls the con-
nection/disconnection of the input branch and the first
output branch through coupling/disconnection, respec-
tively, with the input branch and the first output branch.
[0010] In one embodiment, the first circuit layer further
includes a second output branch, and the second output
branch is electrically connected to the input branch.
[0011] In one embodiment, the movement of the die-
lectric plate relative to the first circuit layer includes a
forward movement and a reverse movement. The switch-
ing of the second circuit layer from the first position to
the second position is realized by the reverse movement
of the dielectric plate, and the switching of the second
circuit layer from the second position to the first position
is realized by the forward movement of the dielectric
plate.
[0012] In one embodiment, the dielectric plate is pro-
vided with a first driving portion for driving the second
circuit layer to move from the second position to the first

1 2 



EP 3 879 628 A1

3

5

10

15

20

25

30

35

40

45

50

55

position, and a second driving portion for driving the sec-
ond circuit layer to move from the first position to the
second position. The first driving portion and the second
driving portion are spaced apart.
[0013] In an embodiment, the second circuit layer is
disposed on a substrate, and the first driving portion and
the second driving portion drive the substrate to drive the
second circuit layer switch between the first position and
second position. The substrate is provided with a first
oblique end surface that is at a certain angle to the moving
direction of the dielectric plate, and a second oblique end
surface opposite to the first oblique end surface. The first
driving portion is a third oblique end surface provided on
the dielectric plate and adapted to the first oblique end
surface, and the second driving portion is a fourth oblique
end surface provided on the dielectric plate and adapted
to the second oblique end surface.
[0014] In one embodiment, the dielectric plate is pro-
vided with a groove capable of accommodating the sub-
strate. The groove includes a first inner side wall and a
second inner side wall disposed oppositely, and the first
inner side wall and the second inner side wall correspond
to the third oblique end surface and the fourth oblique
end surface.
[0015] In one embodiment, the groove is substantially
" " shaped, and the " " shaped groove includes first
to third longitudinal walls arranged in sequence. The first
longitudinal wall and the second longitudinal wall corre-
spond to the first inner side wall and the second inner
side wall.
[0016] In one embodiment, the spacing between a first
and second lateral walls arranged from bottom to top in
the " "-shaped groove is adapted to the width of the
substrate.
[0017] In one embodiment, the first circuit layer is fur-
ther provided with a guiding structure for guiding the
movement of the second circuit layer.
[0018] In one embodiment, the guide structure in-
cludes a guiding rail provided on the first circuit layer and
a guiding member provided on the second circuit layer,
and the guiding member is slidingly fitted with the guiding
rail.
[0019] In one embodiment, the second circuit layer in-
cludes an upper circuit layer and a lower circuit layer that
are relatively distributed on an upper and lower sides of
the first circuit layer, and the upper circuit layer and the
lower circuit layer are fixedly connected.
[0020] In one embodiment, there are two first circuit
layers and two dielectric plates, and the two first circuit
layers are arranged opposite to each other and maintain
electrical connection. The two second circuit layers are
both arranged between the two dielectric plates, and the
two dielectric plates move synchronously.
[0021] In one embodiment, the first circuit layer further
includes a third output branch, and there are at least two
second circuit layers. These second circuit layers are ar-
ranged at intervals along the moving direction of the di-

electric plate, and at least one of the second circuit layers
is arranged corresponding to the third output branch.
[0022] When the second circuit layer moves to a third
position relative to the first circuit layer, the third output
branch is disconnected from the input branch or from the
adjacent first output branch.
[0023] When the second circuit layer moves to a fourth
position relative to the first circuit layer, the third output
branch is connected to the input branch or the adjacent
first output branch.
[0024] The dielectric plate can drive the second circuit
layer corresponding to the third output branch to switch
between the third position and the fourth position.
[0025] In another aspect, the present application also
provides an antenna, including the above-mentioned
phase shifter, and it also includes a feed network and a
radiation unit corresponding to the output port of the
phase shifter one-to-one.
[0026] When the antenna is used, the input branch is
electrically connected to the input end of the antenna
signal through the input port. The output ports of the sec-
ond output branch and the first output branch are both
used for electrical connection with the corresponding ra-
diation units. When the second circuit layer is in the first
position, the radiation unit connected to the first output
branch is unenabled, while the antenna can have a rel-
atively wide beam width. When the second circuit layer
moves to the second position, the radiation unit connect-
ed to the first output branch is in working state, while the
antenna has a relatively narrow beam width. When the
output port of the phase shifter is connected with a work-
ing radiation unit, by moving the dielectric plate of the
phase shifter, the overlap area between the dielectric
plate and the first circuit layer can be changed to adjust
the down-tilt angle of the antenna. Therefore, in the actual
application of the antenna, the movement of the phase
shifter dielectric plate relative to the first circuit layer can
be used to drive the second circuit layer to move relative
to the first circuit layer. While realizing the down-tilt angle
adjustment, it can conveniently control the connec-
tion/disconnection of the first output branch and the input
branch, thereby changing the number of radiation units
connected to the phase shifter in working state, thereby
realizing adjustment of the beam width of the antenna.
The overall structure of the antenna is simple and com-
pact, which can adapt to the requirements of different
coverage scenarios and has a broad application pros-
pect.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027]

Figure. 1 is a schematic diagram of an exploded
structure view of a phase shifter in a first embodi-
ment;
Figure 2 is a schematic structural diagram of the
phase shifter shown in Figure 1 in a first state;
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Figure 3 is a schematic structural diagram of the
phase shifter shown in Figure 1 in a second state;
Figure 4 is a schematic structural diagram of the
phase shifter shown in Figure 1 in a third state;
Figure 5 is an enlarged schematic diagram of the
second circuit layer in the phase shifter shown in
Figure 1;
Figure 6 is a schematic structural diagram of the sec-
ond circuit layer in the phase shifter shown in Figure
1 to connect the input branch and the first output
branch;
Figure 7 is a schematic structural diagram of the sec-
ond circuit layer in the phase shifter shown in Figure
1 to disconnect the input branch from the first output
branch;
Figure 8 is a schematic diagram of the structure of
the dielectric plate shown in Figure 1;
Figure 9 is another schematic diagram of the struc-
ture of the dielectric plate shown in Figure 1;
Figure 10 is a schematic diagram of the exploded
structure of the phase shifter in a second embodi-
ment;
Figure 11 is a schematic diagram of the structure of
the first circuit layer of the phase shifter in a third
embodiment;
Figure 12 is a schematic diagram of the structure of
the phase shifter in the third embodiment in a first
state;
Figure 13 is a schematic structural diagram of the
phase shifter shown in Figure 12 in a second state;
Figure 14 is a schematic structural diagram of the
phase shifter shown in Figure 12 in a third state; and
Figure 15 is a schematic structural diagram of the
phase shifter shown in Figure 12 in a fourth state.

DETAILED DESCRIPTION

[0028] In order to make the objects, technical solution,
and advantages of the present invention clearer, the fol-
lowing further describes the present invention in detail
with reference to the accompanying drawings and spe-
cific embodiments. It should be understood that the spe-
cific embodiments described herein are only used to ex-
plain the present invention, and do not limit the protection
scope of the present invention.
[0029] It should be noted that when an element is re-
ferred to as being "fixed at", "installed on", or "fixed on"
another element, it can be directly located on the other
element or an intermediate element may also be present.
When an element is considered to be "connected" to an-
other element, it can be directly connected to the other
element or an intermediate element may be present at
the same time. A component and another component are
perpendicular or nearly perpendicular to each other,
which means that the ideal state of the two is perpendic-
ular, but due to the influence of manufacture and assem-
bly, there may be a certain vertical error. The terms "ver-
tical", "horizontal", "left", "right" and similar expressions

as used herein are for illustrative purposes only, and do
not mean that they are the only embodiments.
[0030] In addition, the "oblique" in the "oblique guiding
groove", "oblique track" and the like mentioned in the text
refers to the oblique arrangement (intersecting state) with
respect to the moving direction of the dielectric plate.
[0031] Unless otherwise defined, all technical and sci-
entific terms used herein have the same meaning as com-
monly understood by those skilled in the technical field
of the present invention. The terminology used in the
specification of the present invention herein is only for
the purpose of describing specific embodiments, and is
not intended to limit the present invention. The term
"and/or" as used herein includes any and all combina-
tions of one or more related listed items.
[0032] The "first", "second", "third", "fourth" and "fifth"
involved in the present invention do not represent specific
numbers and orders, but are merely used to distinguish
names.
[0033] As shown in Figure 1, this embodiment provides
a phase shifter, including: a first circuit layer 100, the first
circuit layer 100 having at least two output ports (specif-
ically, in this embodiment, for ease of description, five
output ports, namely P1 to P5 are described) and at least
one input port IN (in order to simplify the first circuit layer
100, only one input port IN is provided in this embodi-
ment), the first circuit layer 100 being provided with an
input branch 130 and a first output branch 140, and the
input branch 130 being electrically connected to the input
port 110; a second circuit layer 200, with reference to
Figures 2 to 7, the second circuit layer 200 being able to
move relative to the first circuit layer 100, referring to
figures 4 and 7, when the second circuit layer 200 moves
to the first position relative to the first circuit layer 100,
the first output branch 140 being disconnected from the
input branch 130, with reference to figures 2, 3, 5 and 6,
when the second circuit layer 200 moves to the second
position relative to the first circuit layer 100, the first output
branch 140 and the input branch 130 being connected,
specifically in this embodiment, the second circuit layer
200 being provided with an electrical connection branch
210, when the second circuit layer 200 is in the first po-
sition, the electrical connection branch 210 and the input
branch 130 being in a disconnected state, and when the
second circuit layer 200 is in the second position, the
electrical connection branch 210 and the input branch
130 being in an electrically connected state; and a die-
lectric plate 300. Referring to figures 2 to 4, the dielectric
plate 300 can move relative to the first circuit layer 100.
In addition, the dielectric plate 300 can drive the second
circuit layer 200 to switch between the above-mentioned
first position and the second position, thereby realizing
the connection and disconnection between the first out-
put branch 140 and the input branch 130.
[0034] Referring to figures 1-7, as a preferred embod-
iment of the present invention, the above-mentioned first
circuit layer 100 further includes a second output branch
150, and the second output branch 150 and the input
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branch 130 are always electrically connected. In this way,
at least one branch in the first circuit layer 100 of the
phase shifter can always be in a conductive state. Cor-
respondingly, at least one of the radiation units connect-
ed to the output ports P1 to P5 of the phase shifter may
always be in the working state. In this way, when there
are two output branches in the first circuit layer 100 of
the phase shifter, it can be avoided that the second circuit
layer 200 is used to separately control the on/off of the
two output branches and the input branch 130. And it
must also ensure that at least one output branch and
input branch 130 are connected during the operation of
the phase shifter. Therefore, the complexity of the entire
on/off control can be simplified, which is beneficial to sim-
plify the structure of the phase shifter.
[0035] Of course, in other embodiments, the first circuit
layer 100 of the phase shifter may also have multiple first
output branches 140 without the second output branch
150, which is not limited.
[0036] Referring to figures 1 to 4, specifically in this
embodiment, the phase shifter may include four first out-
put branches 140 and one second output branch 150.
The four first output branches 140 correspond to the out-
put ports P1, P2, P4, and P5, respectively, and the sec-
ond output branch 150 corresponds to output port P3.
For ease of description, the following description is made
using this number as an example.
[0037] When the above-mentioned phase shifter is in
use, the input branch 130 is electrically connected to an
input end of the antenna signal through the input port
110. The output ports of the first output branch 140 (spe-
cifically the output ports P1, P2, P4, and P5 in this em-
bodiment) and the output ports of the second output
branch 150 (specifically output port P3 in this embodi-
ment) are used for electrical connection with the corre-
sponding radiation unit (not shown). When the second
circuit layer 200 is in the first position, the first output
branch 140 is disconnected from the input branch 130,
and the radiation units connected to the first output ports
P1, P2, P4, and P5 are unenabled, the radiation unit con-
nected to the output port P3 is in working condition, while
the antenna can have a wider beam width. When the
second circuit layer 200 moves to the second position,
the first output branch 140 is connected to the input
branch 130, and the radiation units connected to the out-
put ports P1 to P5 are all in working state. During this
time, the antenna has a narrow beam width. When the
output port of the phase shifter is connected to at least
two radiation units in working state, by moving the die-
lectric plate 300 of the phase shifter, the overlap area
between the dielectric plate 300 and the first circuit layer
100 can be changed, thereby performing adjustment of
the down-tilt angle of the antenna. The phase shifter has
the second circuit layer 200 and uses the movement of
the dielectric plate 300 relative to the first circuit layer
100 to drive the second circuit layer 200 to move relative
to the first circuit layer 100. It can control the connec-
tion/disconnection of the first output branch 140 and the

input branch 130 while realizing the down-tilt angle ad-
justment, thereby changing the number of radiation units
connected to the phase shifter in working state, and then
realizing the adjustment of the antenna’s beam width. Its
overall structure is simple and compact, it can adapt to
different coverage scenarios, and has broad application
prospects.
[0038] Referring to figures 1 and 7, preferably, in some
embodiments, the first output branch 140 and the input
branch 130 are insulated from each other. The second
circuit layer 200 is provided between the first output
branch 140 and the input branch 130. In addition, the
second circuit layer 200 controls the connection/discon-
nection between the input branch 130 and the first output
branch 140 through coupling/disconnection with the input
branch 130 and the first output branch 140. In this way,
the second circuit layer 200 can act like a coupling switch,
and it is more convenient for the dielectric plate 300 to
control its on/off.
[0039] Referring to figures 2-4, as a preferred embod-
iment of the present invention, the movement of the di-
electric plate 300 relative to the first circuit layer 100 in-
cludes a forward movement (in the direction shown by
the solid arrow in the figures) and a reverse movement
(as shown in the direction indicated by the hollow arrow
of the same figures). The above-mentioned switching of
the second circuit layer 200 from the first position to the
second position is realized by the reverse movement of
the dielectric plate 300. The above-mentioned switching
of the second circuit layer 200 from the second position
to the first position is realized by the forward movement
of the dielectric plate 300. This one-way control method
can further simplify the structure of the phase shifter.
[0040] As shown in Figures 1 to 5, the phase shifter
further includes a substrate 400, and the second circuit
layer 200 is disposed on the substrate 400. In this way,
the movement of the second circuit layer 200 is facilitated.
The material of the substrate 400 can be any one or more
of existing insulating materials, such as circuit plate sub-
strates or plastics.
[0041] In the same way, the first circuit layer 100 can
also be disposed on another substrate, and then fixed in
the cavity of the phase shifter through the substrate,
which is not described in detail here.
[0042] The above-mentioned dielectric plate 300 may
be slidably connected to the substrate provided with the
first circuit layer 100, so as to more accurately control
the relative position of the dielectric plate 300 and the
first circuit layer 100.
[0043] As shown in Figures 1 to 4, in one embodiment,
the dielectric plate 300 is provided with a first driving por-
tion 311 for driving the second circuit layer 200 to move
from a first position to a second position, and a second
driving portion 312 for driving the second circuit layer 200
to move from the second position to the first position. The
first driving portion 311 and the second driving portion
312 are spaced apart. The first driving portion 311 and
the second driving portion 312 drive the substrate 400 to
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drive the second circuit layer 200 to switch between the
first position and the second position. When the dielectric
plate 300 moves in a first preset direction (that is, the
reverse movement described above), that is, when the
state shown in Figure 4 is switched to the state shown in
Figure 3, the substrate 400 is pushed by the first driving
portion 311 to move from the first position to the second
position. When the dielectric plate 300 moves in the op-
posite direction of the first preset direction (that is, the
above-mentioned forward movement), that is, when the
state shown in Figure 3 is switched to the state shown in
Figure 4, the substrate is pushed by the second driving
portion 312 400 to move from the second position to the
first position.
[0044] As shown in Figures 2 to 4, in this embodiment,
it is more preferable that the movement of the dielectric
plate 300 relative to the first circuit layer 100 is a linear
movement. The dielectric plate 300 can move along a
preset straight line. In this way, the area of the dielectric
plate 300 corresponding to each output port 120 can be
changed, thereby changing the phase difference of each
output port 120 and realizing the adjustment of the an-
tenna down-tilt angle. Using the above technical solution,
when the dielectric plate 300 moves in the reverse direc-
tion from the state shown in Figure 4 to the state shown
in Figure 3, the dielectric plate 300 can continue to move
in the reverse direction according to a preset straight line,
thereby forming the state shown in Figure 2. During this
time, the second driving portion 312 will not cooperate
with the substrate 400, and the second circuit layer 200
is still in the second position. The first output branch 140
and the four second output branches 150 of the phase
shifter are all in a conducting state. The radiation units
connected to the output ports P1~P5 are all in working
condition. During the movement of the dielectric plate
300 from the state shown in Figure 3 to the state shown
in Figure 2 and then from the state shown in Figure 2 to
the state shown in Figure 3. When the five radiation units
are working, the phase shifter can adjust the down-tilt
angle of the antenna through the movement of the die-
lectric plate 300. When the dielectric plate 300 continues
to move from the state shown in Figure 3 to the state
shown in Figure 4, the second driving portion 312 can
push the substrate 400 and accordingly drive the second
circuit layer 200 to move from the second position to the
first position. During this time, the input branch and the
four first output branches 140 are disconnected, so that
the four radiation units are unenabled, and only the ra-
diation unit connected to the port P3 works, thereby re-
alizing the adjustment of the antenna beam width.
[0045] It should be understood that the above-men-
tioned first position and second position can be set ac-
cording to actual needs.
[0046] In one embodiment, as shown in Figures 1 to
4, the substrate 400 is provided with a first oblique end
surface 410 that is at a certain angle to the moving di-
rection of the dielectric plate 300 and a second oblique
end surface 420 opposite to the first oblique end surface

410. The first driving portion 311 is a third oblique end
surface provided on the dielectric plate 300 and adapted
to the first oblique end surface 410. The second driving
portion 312 is a fourth oblique end surface provided on
the dielectric plate 300 and adapted to the second oblique
end surface 420. In this way, each of the above-men-
tioned oblique end surfaces can generate a force that
pushes the substrate 400 toward one side of the move-
ment direction of the dielectric plate 300 when moving,
so that the substrate 400 and the corresponding second
circuit layer 200 are able to shift between the first position
and the second position along an oblique track. This is
beneficial to avoid interference with the normal move-
ment of the dielectric plate 300, and is easy to implement,
and at the same time, it does not damage the original
structure of the housing of the phase shifter.
[0047] Specifically, in this embodiment, the first ob-
lique end surface 410 and the second oblique end surface
420 preferably have an angle of 45° with respect to the
reverse movement direction of the dielectric plate 300,
or 145° with respect to the forward movement direction
of the dielectric plate 300. For ease of description, the
following angle is also used as an example for descrip-
tion. It should be understood that in actual applications,
the angle of the above-mentioned oblique end surfaces
can be adjusted according to the actual switching direc-
tion of the second circuit layer 200, which is not limited
here.
[0048] Based on the foregoing embodiments, and
more specifically, as shown in Figures 1 to 4, the dielectric
plate 300 is provided with a groove 310 that can accom-
modate the substrate 400. As shown in Figure 8, the
groove 310 includes a first inner side wall 11 and a second
inner side wall 12 that are arranged oppositely. The third
oblique end surface and the fourth oblique end surface
are provided by the first inner side wall 11 and the second
inner side wall 12, respectively. By providing the groove
310, not only can the dielectric plate 300 drive the move-
ment of the second circuit layer 200 conveniently, but
also can make full use of the space of the groove 310 to
place therein the substrate 400 with the second circuit
layer 200, so that the phase shifter’s structure is more
compact, which is beneficial to the miniaturization of the
phase shifter. As shown in Figure 1 to Figure 4, the above-
mentioned groove is roughly in the shape of " ". As
shown in Figure 8, the " "-shaped groove includes a
first longitudinal wall, a second longitudinal wall and a
third longitudinal wall 13 arranged in sequence. Here,
the second longitudinal wall is the above-mentioned first
inner side wall 11, and the first longitudinal wall is the
above-mentioned second inner side wall 12. The height
relationship between the first longitudinal wall and the
second longitudinal wall is H1>H2, and the height rela-
tionship between the first longitudinal wall and the third
longitudinal wall is H1>H3, and the height between the
first to third longitudinal walls The relationship is
H1>H2≥H3. The overall structure is simple and it is easy
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to manufacture. The height H3 of the third longitudinal
wall 13 should be greater than or equal to the width of
the substrate 400 on which the second circuit layer 200
is provided. The first longitudinal wall and the second
longitudinal wall having the above-mentioned height can
ensure that the substrate 400 has a sufficient moving
space for switching between on and off. The above-men-
tioned " "-shaped groove 310 is sequentially provided
with a first lateral wall 14, a second lateral wall 15 and a
third lateral wall 16 from bottom to top. The " "-shaped
groove 310 is defined by a first longitudinal wall, a first
lateral wall 14, a second longitudinal wall, a second lateral
wall 15, a third longitudinal wall 13, and a third lateral
wall 16 in sequence. Further preferably, the distance be-
tween the first lateral wall 14 and the second lateral wall
15 is adapted to the width of the substrate 400, so that
when the substrate 400 is located in the space of the
groove 310 between the first lateral wall 14 and the sec-
ond lateral wall 15 (During this time, the second circuit
layer 200 is in the second position, and the four first output
branches 140 are in a conductive state with the input
branch 130, the radiation units corresponding to the out-
put ports P1, P2, P4, and P5 of the first output branch
140 are in the working state), and when the dielectric
plate 300 moves relative to the first circuit layer 100, the
first lateral wall 14 and the second lateral wall 15 can limit
the substrate 400 in the longitudinal direction. This makes
the first output branch 140 and the input branch 130 in
the conducting state have better stability, which is ben-
eficial to further phase adjustment.
[0049] With reference to Figures 8 and 9, for further
description, the above-mentioned groove 310 may also
include a first strip-shaped groove 330 and a second
strip-shaped groove 340 communicating with the first
strip-shaped groove 330. The first strip-shaped groove
330 is located on one side of a lateral direction of the
second strip-shaped groove 340, and the horizontal
length of the first strip-shaped groove 330 is smaller than
the horizontal length of the second strip-shaped groove
340. The second inner side wall 12 is defined by a side-
wall of the first strip-shaped groove 330 and a sidewall
of the second strip-shaped groove 340 which are joined
to each other. The second inner side wall 12 is formed
by another side wall, opposite to the first inner side wall
11, of the first strip-shaped groove 330. As the first inner
side wall 11 serves as the first driving portion 311 and
the second inner side wall 12 serves as the second driv-
ing portion 312, when the second circuit layer 200 is lo-
cated in the first strip-shaped groove 330, the second
circuit layer 200 is in the first position. When the second
circuit layer 200 is located in the second strip-shaped
groove 340, the second circuit layer 200 is in the second
position. Moreover, when the second circuit layer 200
moves from the first strip-shaped groove 330 to the sec-
ond strip-shaped groove 340, within a great distance
range of the horizontal space defined by the second strip-
shaped groove 340 and in which the dielectric plate 300

continues moving forwardly from the state shown in Fig-
ure 3 to the state shown in Figure 2 and then reversely
moving from the state shown in Figure 2 to the state
shown in Figure 3 (The second inner side wall 12 is
pressed against the second oblique end surface 420 of
the substrate 400), the second circuit layer 200 may not
move relative to the first circuit layer 100, so that when
the first output branch 140 and the input branch 130 are
in a conductive state, the phase can be further stabilized
and adjusted in a wide range through the dielectric plate
300. The horizontal length of the first strip-shaped groove
330 is preferably ≥ the length of the substrate 400, and
the horizontal length of the second strip-shaped groove
330 is preferably more than twice the length of the sub-
strate 400.
[0050] Of course, in other embodiments, the above-
mentioned dielectric plate and the second circuit layer
can also be matched by other guiding members. In this
case, the first driving portion and the second driving por-
tion may be of a convex structure.
[0051] In addition, the direction of the driving force may
be set according to the movement track of the second
circuit layer 200, or the movement track of the second
circuit layer 200 may be set according to the direction of
the formed driving force.
[0052] As shown in Figures 1 to 4, in one embodiment,
a guiding structure (not shown) for guiding the movement
of the second circuit layer 200 is further provided on the
first circuit layer 100. The second circuit layer 200 can
be moved between the first position and the second po-
sition through the guiding structure. This in turn uses the
guiding structure to guide the movement of the second
circuit layer 200 to form a movement track, which facili-
tates obtaining the direction of the pushing force, and
furthermore it can set the shape and positional relation-
ship of the first driving portion 311 and the second driving
portion 312. In other words, the guiding structure should
be adapted to the switching movement track of the sub-
strate 400, so as to better cooperate with the first driving
portion 311 and the second driving portion 312 on the
dielectric plate 300 to control the movement of the sub-
strate 400. The specific manner of the guiding structure
can be realized by any prior art technology that meets
the requirements of use. For example, in one embodi-
ment, the guiding structure includes a guiding rail 160
disposed on the first circuit layer 100, and a guiding mem-
ber 500 disposed on the second circuit layer 200 (spe-
cifically on the substrate 400 in this embodiment). The
guiding member 500 is in sliding fit with the guiding rail
160. Accordingly, the guiding rail 160 is provided to make
the second circuit layer 200 move on the first circuit layer
100 along a preset track. The guiding rail 160 can have
various structures, such as guiding grooves, sliding rails,
and the structure of the guiding member 500 can be adap-
tively adjusted according to the structure of the guiding
rail 160. Specifically, in this embodiment, two guiding
structures arranged in parallel are preferably provided,
so as to further improve the stability of the substrate 400
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during the switching movement.
[0053] As shown in Figures 1 and 3, in one embodi-
ment, the guiding rail 160 is an oblique guiding groove,
and the guiding member 500 is slidingly fitted with the
oblique guiding groove, thus enabling the second circuit
layer 200 to slide along an oblique track between the first
position and the second position. In this way, it is con-
venient to realize guiding cooperation between the sec-
ond circuit layer 200 and the first circuit layer 100 without
affecting the performance of the first circuit layer 100. In
addition, the moving track of the second circuit layer 200
is oblique, and the moving directions of the dielectric plate
300 intersect, which facilitates the formation of an oblique
pushing force by arranging the first driving portion 311
and the second driving portion 312 on the dielectric plate
300.
[0054] Based on Figure 1 and in conjunction with Fig-
ure 10, in some embodiments, the first circuit layer 100
in the phase shifter may have two layers, and the two
first circuit layers 100 may be electrically connected
through a metal through hole, and for example, the struc-
ture may be formed by a double-layered PCB plate or by
electroplating/laser carving on a non-metallic substrate.
There may also be two dielectric plates 300 correspond-
ingly, and the double-layered PCB plate or non-metallic
substrate is arranged between the two dielectric plates
300. That is to say, the two dielectric plates 300 are ar-
ranged corresponding to the two first circuit layers 100.
And the movement of the two dielectric plates is synchro-
nized and in the same direction. In this way, when the
dielectric plate 300 is moved by a unit distance relative
to the first circuit layer 100, the amount of change in the
overlap area between the dielectric plate 300 and the
first circuit layer 100 is relatively large. This is beneficial
to the overall layout of the antenna when the phase shifter
is required to have a larger phase shift amount.
[0055] Based on Figure 1 and in conjunction with Fig-
ure 10, in some embodiments, the second circuit layer
200 may include an upper circuit layer 201 and a lower
circuit layer 201, and the upper circuit layer 201 and the
lower circuit layer 201 are fixedly connected to each other
and distributed in the upper and lower sides of the first
circuit layer 100 respectively. In this way, under the
premise that the second circuit layer 200 is movably con-
nected to the first circuit layer 100, the assembly between
the second circuit layer 200 and the first circuit layer 100
is more convenient, and it is beneficial to the second cir-
cuit layer 200 and the first circuit layer 100 to be arranged
close to each other. The simpler thing is that the upper
circuit layer 201 and the lower circuit layer 201 are con-
nected together by the guiding member 500. The guiding
member 500 may be of a structure such as a buckle.
[0056] As shown in Figures 11-15, the difference from
the above-mentioned embodiment is that there are at
least two second circuit layers 200, and each second
circuit layer 200 is arranged at intervals along the moving
direction of the dielectric plate 300. The above-men-
tioned first circuit layer 100 further includes a third output

branch 170, and the third output branch 170 is corre-
spondingly provided with a second circuit layer 200.
When the second circuit layer 200 moves to the third
position relative to the first circuit layer 100, the third out-
put branch 170 is disconnected from the input branch
130 or from the adjacent first output branch 140. When
the second circuit layer 200 moves to the fourth position
relative to the first circuit layer 100, the third output branch
170 is connected to the input branch 130 or to the adja-
cent first output branch 140. The dielectric plate 300 can
drive the second circuit layer 200 corresponding to the
third output branch 170 to switch between the third po-
sition and the fourth position. In this way, it is convenient
for the dielectric plate 300 to drive each second circuit
layer 200 to switch between its corresponding first posi-
tion and second position, and between the third position
and the fourth position in different intervals of its move-
ment distance, thereby respectively controlling the on/off
between the corresponding input branch 130 and each
first output branch 140. In this case, only a plurality of
grooves 310 are needed to be correspondingly opened
on the dielectric plate 300, and each second circuit layer
200 can be driven to move respectively, thereby further
improving the beam adjustment range of the phase shift-
er to adapt to more coverage scene.
[0057] Specifically in this embodiment, as shown in
Figure 11, for ease of description, it is assumed that there
are 3 second circuit layers 200. There are two first output
branches 140 corresponding to the output ports P2 and
P4 respectively. There is a second output branch 150,
which is always electrically connected to the input branch
130, and there are two third output branches 170, re-
spectively which correspond to output ports P1 and P5
respectively. In order to simplify the circuit structure, in
the first circuit layer 100, the first output branch 140 elec-
trically connected to the output ports P2 and P4 is insu-
lated from the input branch 130. The third output branch
170 corresponding to the output ports P1 and P5 is pref-
erably insulated from the adjacent first output branch 140.
In this way, it is easier to control the coupling/separation
of the third output branch 170 and the corresponding first
output branch 140. For the convenience of description,
the first circuit layer 100 is also described below.
[0058] Define the 3 forward directions as 200a, 200b,
and 200c in sequence. In this direction, the three second
circuit layers 200 move along the dielectric plate 300. As
shown in Figure 12, in this state, the first output branch
140 and the input branch 130 respectively connected to
the ports P2 and P4 corresponding to the second circuit
layer 200b are in a conductive state. The third output
branch 170 connected to the ports P1 and P5 corre-
sponding to the second circuit layers 200a and 200b is
in a disconnected state. During this time, the radiation
units connected to the output ports P2, P3, and P4 are
in working condition. Meanwhile, the phase shifter is con-
nected to 3 radiation units, and the beam width value of
the antenna is about 22°. As shown in Figure 13 and
Figure 14, in this state, the first output branch 140 cor-
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responding to the second circuit layer 200b and the third
output branch 170 corresponding to the second circuit
layers 200a and 200c are both in a conducting state.
During this time, the radiation units connected to the out-
put ports P1-P5 are all in working state. That is, the phase
shifter can be connected to 5 radiation units, and the
beam width value of the antenna is about 13°. Meanwhile,
pulling the dielectric plate 300 can change the phase of
each port, so that the phase of the output port has a
change relationship of 2ϕ, ϕ, 0, -ϕ, -2ϕ, thereby adjusting
the down-tilt angle of the antenna. As shown in Figure
15, in this state, the input port IN and the output port P3
are kept in a conductive state, the first output branch 140
corresponding to the second circuit layer 200b is in a
disconnected state, the corresponding third output
branch 170 is also in a disconnected state, and the input
port and the output ports P1, P2, P3 and P5 are all in the
disconnected state. That is, meanwhile, the phase shifter
is only connected to one radiation unit, and the beam
width value of the antenna is about 65°.
[0059] In conclusion, by means of the output branches
in the first circuit layer 200, the second circuit layer 200,
and the groove 310 on the dielectric plate 300, the on/off
of each port of the phase shifter can be controlled, and
the number of antenna radiation units can be changed,
thus changing the beam width of the antenna.
[0060] It should be noted that the expressions of "first
position", "second position", "third position" and "fourth
position" are only to indicate that the second circuit layer
200 has a position for switching on/off of the circuit. The
"first position", "second position", "third position" and
"fourth position" can be set according to actual condi-
tions. When a plurality of second circuit layers 200 are
provided, the direction of movement of each second cir-
cuit layer 200 when switching in a conduction direction
may also be different. The number of the above-men-
tioned second circuit layers 200 and the number of
grooves 310 on the dielectric plate 300 can be set ac-
cording to actual needs, and there is no specific limitation.
At the same time, the number of ports of the phase shifter
is not limited to 5, and can be set to any number of ports
≥2.
[0061] In other embodiments, the movement of the di-
electric plate 300 relative to the first circuit layer 100 may
also be an arc movement, that is, the phase shifter is an
arc-shaped phase shifter. Those skilled in the art can
make similar settings according to the idea of the above-
mentioned embodiments of the present invention. No de-
tailed description is provided here in order to save space.
[0062] In another embodiment, the present application
also provides an antenna including the above-mentioned
phase shifter and radiation units respectively and corre-
spondingly connected to the output branch of the phase
shifter.
[0063] The above-mentioned antenna is based on the
same concept as the above-mentioned phase shifter em-
bodiments, and its technical effect is the same as that of
the phase shifter embodiments of the present invention.

For specific content, please refer to the description in the
embodiments of the phase shifter of the present inven-
tion, which will not be repeated here.
[0064] The technical features of the above-mentioned
embodiments can be combined arbitrarily. In order to
make the description concise, all possible combinations
of the various technical features in the above-mentioned
embodiments are not described. However, as long as
there is no contradiction in the combination of these tech-
nical features, all should be considered within the scope
of this specification.
[0065] The above-mentioned embodiments only ex-
press several embodiments of the present invention, and
the descriptions are relatively specific and detailed, but
they should not be interpreted as limiting the scope of
the invention patent. It should be pointed out that for those
of ordinary skill in the art, without departing from the con-
cept of the present invention, several modifications and
improvements can be made, and these all fall within the
protection scope of the present invention. Therefore, the
protection scope of the patent of the present invention
should be subject to the appended claims.

Claims

1. A phase shifter, characterized in comprising:

a first circuit layer, the first circuit layer including
an input branch and a first output branch;
a second circuit layer, the second circuit layer
being move relative to the first circuit layer, and,
in case that the second circuit layer moves to a
first position relative to the first circuit layer, the
first output branch being disconnected from the
input branch, in case that the second circuit layer
moves to a second position relative to the first
circuit layer, the first output branch being con-
nected to the input branch; and
a dielectric plate, which can move relative to the
first circuit layer and can drive the second circuit
layer to switch between the first position and the
second position.

2. The phase shifter as recited in claim 1, character-
ized in that the first output branch is insulated from
the input branch, the second circuit layer is provided
between the first output branch and the input branch;
and the second circuit layer controls the connec-
tion/disconnection of the input branch and the first
output branch through coupling/disconnection, re-
spectively, with the input branch and the first output
branch.

3. The phase shifter as recited in claim 1, character-
ized in that the first circuit layer further includes a
second output branch, and the second output branch
is electrically connected to the input branch.
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4. The phase shifter as recited in claim 1, character-
ized in that the movement of the dielectric plate rel-
ative to the first circuit layer includes a forward move-
ment and a reverse movement; the switching of the
second circuit layer from the first position to the sec-
ond position is realized by the reverse movement of
the dielectric plate, and the switching of the second
circuit layer from the second position to the first po-
sition is realized by the forward movement of the
dielectric plate.

5. The phase shifter as recited in claim 1, character-
ized in that the dielectric plate is provided with a first
driving portion for driving the second circuit layer to
move from the second position to the first position,
a second driving portion for driving the second circuit
layer to move from the first position to the second
position; and the first driving portion and the second
driving portion are spaced apart.

6. The phase shifter as recited in claim 3, character-
ized in that the second circuit layer is disposed on
a substrate, and the first driving portion and the sec-
ond driving portion drive the substrate to drive the
second circuit layer switch between the first position
and second position; the substrate is provided with
a first oblique end surface that is at a certain angle
to the moving direction of the dielectric plate, and a
second oblique end surface opposite to the first ob-
lique end surface; the first driving portion is a third
oblique end surface provided on the dielectric plate
and adapted to the first oblique end surface, and the
second driving portion is a fourth oblique end surface
provided on the dielectric plate and adapted to the
second oblique end surface.

7. The phase shifter as recited in claim 6, character-
ized in that the dielectric plate is provided with a
groove capable of accommodating the substrate; the
groove includes a first inner side wall and a second
inner side wall disposed oppositely, and the first in-
ner side wall and the second inner side wall corre-
spond to the third oblique end surface and the fourth
oblique end surface.

8. The phase shifter as recited in claim 7, character-
ized in that the groove is substantially " " shaped,
and the " " shaped groove includes first to third
longitudinal walls arranged in sequence; and the first
longitudinal wall and the second longitudinal wall cor-
respond to the first inner side wall and the second
inner side wall.

9. The phase shifter as recited in claim 8, character-
ized in that the spacing between a first and second
lateral walls arranged from bottom to top in the " "-
shaped groove is adapted to the width of the sub-

strate.

10. The phase shifter as recited in claim 1, character-
ized in that the first circuit layer is further provided
with a guiding structure for guiding the movement of
the second circuit layer.

11. The phase shifter as recited in claim 10, character-
ized in that the guide structure includes a guiding
rail provided on the first circuit layer and a guiding
member provided on the second circuit layer, and
the guiding member is slidingly fitted with the guiding
rail.

12. The phase shifter as recited in claim 1, character-
ized in that the second circuit layer includes an up-
per circuit layer and a lower circuit layer that are rel-
atively distributed on an upper and lower sides of the
first circuit layer, and the upper circuit layer and the
lower circuit layer are fixedly connected.

13. The phase shifter as recited in claim 1, character-
ized in that there are two first circuit layers, two di-
electric plates, and the two first circuit layers are ar-
ranged opposite to each other and maintain electrical
connection; the two second circuit layers are both
arranged between the two dielectric plates, and the
two dielectric plates move synchronously.

14. The phase shifter as recited in any one of claims
1-13, wherein the first circuit layer further includes a
third output branch, and there are at least two second
circuit layers;

these second circuit layers are arranged at in-
tervals along the moving direction of the dielec-
tric plate, and at least one of the second circuit
layers is arranged corresponding to the third out-
put branch;
in case that the second circuit layer moves to a
third position relative to the first circuit layer, the
third output branch is disconnected from the in-
put branch or from the adjacent first output
branch;
in case that the second circuit layer moves to a
fourth position relative to the first circuit layer,
the third output branch is connected to the input
branch or the adjacent first output branch; and
the dielectric plate can drive the second circuit
layer corresponding to the third output branch
to switch between the third position and the
fourth position.

15. An antenna, characterized in comprising: the phase
shifter as recited in any one of claims 1-14, and a
plurality of radiation units connected to the output
ports of the phase shifter respectively.
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