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(54) PHASED ARRAY ANTENNA

(57) The disclosure discloses a phased array anten-
na, and relates to the technical field of phased array
antenna. The phased array antenna includes a plurality
of antenna elements, and each of the plurality of the
antenna elements includes: an intermediate substrate
provided with electric dipoles, and short-circuit parasitic
branches. There are two short-circuit parasitic branches,
the two short-circuit parasitic branches are respectively
arranged at two sides of the intermediate substrate, and
the short-circuit parasitic branches are isolated from the
electric dipoles. The disclosure can expand the band-
width of end-fire circularly polarized phased array anten-
na.
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Description

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application is based on and claims priority
to Chinese patent application No. 2023111251765, filed
on September 01, 2023, the entire contents of which are
incorporated herein by reference.

TECHNICAL FIELD

[0002] The disclosure relates to a technical field of
phased array antenna, in particular to a phased array
antenna.

BACKGROUND

[0003] The replacement and development of wireless
communication technology is getting faster. With the
development of radio technology, various formats exist
for the existing radio low-frequency spectrums. Although
wireless transceiver systems for different communication
purposes can use related technologies to improve sys-
tem capacity and spectrum utilization, the microwave low
frequency band is already close to saturation, and cannot
meet personalized wireless communication require-
ments. Therefore, in order to realize more personalized
wireless communication requirements and develop new
spectrum resources, it is an inevitable trend to develop
millimeter-wave frequency band spectrum resources.
Millimeter-wave frequency band has the advantages of
good directivity because of its short wavelength, extre-
mely wide frequency band and narrow beam. Compared
with the microwave frequency band, the millimeter-wave
beam is much narrower than the microwave beam with
the same antenna size, and the size of millimeter-wave
component is much smaller. Therefore, devices such as
millimeter-wave antennas can be used in wireless com-
munication scenarios with limited space, e.g., mobile
phone transceiver system. With the rapid development
of wireless communication technology, millimeter-wave
array antenna has a good development prospect.
[0004] In the existing antenna design technology,
phased array antenna is based on the array antenna,
and it changes the direction and shape of radiation pat-
tern by controlling feeding amplitude and phase shift of
different array radiating elements, so as to achieve the
purposes of beam scanning, communication capacity
adjustment and spatial distribution and synthesis of sig-
nal power. Compared with the traditional method of rotat-
ing antenna mechanically, phased array antenna over-
comes the disadvantages of large inertia, slow rotation
speed and large volume, and has the ability to fast
scanthe antenna beam, which can realize tracking and
positioning for fast moving objects. Among them, thecir-
cularly polarized phased array antenna has some ad-
vantages of circularly polarized wave, and also has its
unique advantages in solving polarization mismatch, re-

straining rain and fog interference and eliminating the
Faraday effect, which makes it have a broad prospect. In
the related art, end-fire circularly polarized phased array
antenna has the problems of narrow operating bandwidth
and small beam gain.
[0005] In conclusion, how to expand the bandwidth of
end-fired circularly polarized phased array antenna is
one of the important problems to be solved urgently in
this field.

SUMMARY

[0006] The purpose of this disclosure is to provide a
phased array antenna to solve the shortcomings in the
related art, which can expand the bandwidth of end-fire
circularly polarized phased array antenna.
[0007] The disclosure provides a phased array anten-
na. The phased array antenna includes a plurality of
antenna elements, and each of the antenna elements
includes:

an intermediate substrate provided with electric di-
poles; and
short-circuit parasitic branches, in which there are at
least two short-circuit parasitic branches, the at least
two short-circuit parasitic branches being respec-
tively arranged at two sides of the intermediate sub-
strate, and the short-circuit parasitic branches are
isolated from the electric dipoles.

[0008] In an optional embodiment, there are two short-
circuit parasitic branches.
[0009] In an optional embodiment, the phased array
antenna further includes two dielectric substrates.
[0010] The intermediate substrate is arranged be-
tween the two dielectric substrates, and the two short-
circuit parasitic branches are arranged in the two dielec-
tric substrates respectively.
[0011] In an optional embodiment, the two dielectric
substrates are both abutted against the intermediate
substrate, and each of the dielectric substrate is provided
with a short-circuit through hole for electrical connection.
[0012] In an optional embodiment, the short-circuit
parasitic branches and the electric dipoles are arranged
in a first direction.
[0013] In an optional embodiment, the intermediate
substrate is a substrate integrated waveguide substrate,
and in an operating mode, the electric field direction is a
second direction, and the first direction is perpendicular
to the second direction.
[0014] In an optional embodiment, the intermediate
substrate is also provided with magnetic dipoles and
transmit lines, the magnetic dipoles are arranged in the
second direction, and the magnetic dipoles and the elec-
tric dipoles are connected by a quarter-wavelength mi-
crostrip plane double-wires.
[0015] In an optional embodiment, each antenna ele-
ment includes a power divider, and the power divider is
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used for power distribution of an input signal to form
multiple signals.
[0016] In an optional embodiment, each antenna ele-
ment further includes a plurality of phase shifters, each of
the plurality of the phase shifters is connected to the
power divider, and the plurality of phase shifters corre-
spond to the multiple signals.
[0017] In an optional embodiment, the multiple signals
output after the plurality of phase shifters have the same
phase, or are increased or decreased along the first
direction by an equal phase difference.
[0018] In an optional embodiment, the power divider
includes three cascaded two-way power dividers.
[0019] Compared with the related art, the disclosure
introduces two short-circuit parasitic branches in each
antenna element, which are located on the left and right
sides of the intermediate substrate respectively. The two
short-circuit parasitic branches are used to adjust the
magnitude and phase of the electric field to be uniformly
distributed over a width range, thereby extending the
operating bandwidth. By isolating the short-circuit para-
sitic branches and the electric dipoles from contacts, it is
ensured that the two have different potential distributions.
Through the coupling effect, the short-circuit parasitic
branches can receive the electromagnetic fields polar-
ized in the first direction, and the superposition of electric
fields in the first direction can achieve the purpose of
broadband operating frequency band of end-fire circu-
larly polarized phased array antenna array.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

FIG. 1 is a structural diagram of an end-fire circularly
polarized phased array antenna according to an
embodiment of the disclosure.
FIG. 2 is a schematic diagram of a power division
phase-shifting network of an end-fire circularly po-
larized phased array antenna according to an em-
bodiment of the disclosure.
FIG. 3 is a schematic diagram of a uniform gradient
phase-shifting network of an end-fire circularly po-
larized phased array antenna according to an em-
bodiment of the disclosure.
FIG. 4 is a schematic diagram of another uniform
gradient phase-shifting network of an end-fire circu-
larly polarized phased array antenna according to an
embodiment of the disclosure.
FIG. 5 is a 3D schematic diagram of a radiation
portion of an end-fire circularly polarized phased
array antenna according to an embodiment of the
disclosure.
FIG. 6 is a top view of the radiation portion of the end-
fire circularly polarized phased array antenna in an x-
z plane according to an embodiment of the disclo-
sure.
FIG. 7 is a top view of the radiation portion of the end-

fire circularly polarized phased array antenna in an x-
y plane according to an embodiment of the disclo-
sure.
FIG. 8 is a planar stereoscopic structural diagram 1
of the end-fire circularly polarized phased array an-
tenna according to an embodiment of the disclosure.
FIG. 9 is a planar stereoscopic structural diagram 2
of the end-fire circularly polarized phased array an-
tenna according to an embodiment of the disclosure.
FIG. 10 is a planar stereoscopic structural diagram 3
of the end-fire circularly polarized phased array an-
tenna according to an embodiment of the disclosure.
FIG. 11 is a graph of a curve of reflection coefficient of
the end-fire circularly polarized phased array anten-
na as a function of frequency according to an embo-
diment of the disclosure.
FIG. 12 is a left-handed circularly polarized gain
curve of the end-fire circularly polarized phased
array antenna according to an embodiment of the
disclosure.
FIG. 13 is a graph of a curve of axial ratio character-
istics of the end-fire circularly polarized phased array
antenna as a function of frequency according to an
embodiment of the disclosure.
FIG. 14 is a radiation E-plane pattern of the end-fire
circularly polarized phased array antenna under dif-
ferent phase-shifting networks according to an em-
bodiment of the disclosure.

Description of reference numerals:

[0021] 1-antenna element, 11-intermediate substrate,
12‑ dielectric substrate, 13‑ power divider, 14-phase
shifter;111-short-circuit parasitic branch, 112-electric di-
pole, 113‑ magnetic dipole.

DETAILED DESCRIPTION

[0022] The embodiments described below with refer-
ence to the drawings are exemplary and are only used for
explaining the disclosure, and cannot be interpreted as
limiting the disclosure.
[0023] In the present disclosure, the issues raised in
the background technology are addressed by the follow-
ing specific embodiments.
[0024] Please refer to FIGS. 1‑10, the embodiment
proposes a phased array antenna. The phased array
antenna includes a plurality of antenna elements 1. In
practice, the plurality of antenna elements 1 form an end-
fire circularly polarized phased array antenna array. The
antenna elements 1 corresponds to a plurality of phase
shifters 14 one by one, and each antenna element 1 is
connected to its corresponding phase shifter 14. Beam
scanning characteristics for specific spatial area can be
realized by setting up multiple power division phase-
shifting networks.
[0025] In detail, in order to expand the bandwidth of
phased array antenna, in this embodiment, each phased
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array antenna includes a plurality of antenna elements 1.
The plurality of antenna elements 1 are arranged in a first
direction.
[0026] The antenna element 1 includes an intermedi-
ate substrate 11 and short-circuit parasitic branches 111
(see FIGS. 7‑9 of this disclosure). The intermediate
substrate 11 is a Substrate Integrated Waveguide
(SIW) substrate, and its operating mode is main mode
TE10 mode. This mode propagates along SIW transmit
lines, and the electric field directed in a second direction.
The width of the SIW transmit line is expanded at the end
of the SIW transmit line, which improves impedance
match between antenna and transmit line.
[0027] As illustrated in FIGS. 7‑9, the intermediate
substrate 11 is provided with electric dipoles 112, mag-
netic dipoles 113 and transmit lines. The electric dipoles
112 are distributed along the first direction, and the
antenna element guides electromagnetic waves from
the SIW opening to the electric dipoles 112 arranged
along the first direction through quarter-wavelength mi-
crostrip planar double wires. Microwave transmit double
wires with a planar structure is equivalent to an excitation
port of dipoles, which excites the electric dipoles 112 to
operate, and the polarization mode is polarization along
the first direction. At the SIW opening, the magnetic field
is distributed in the first direction, and the energy of
magnetic field radiates into the free space, which is
equivalent to radiation from the magnetic dipoles 113
placed in the second direction, and the polarization direc-
tion of the magnetic dipoles 113 is the second direction.
The magnetic dipoles 113 are arranged along the second
direction, and the magnetic dipoles 113 and the electric
dipoles 112 are connected by the quarter-wavelength
microstrip planar double wires. The magnetic dipoles
113 polarized in the second direction and the electric
dipoles 112 polarized in the first direction are connected
by the quarter-wavelength microstrip planar double
wires. Due to this structure, the initial phase of the mag-
netic dipoles 113 in the second direction is 90 degrees
ahead of the initial phase of the electric dipoles 112 in the
first direction, and the amplitudes of their electromagnetic
fields are almost equal. This structure for controlling the
spatial distribution of electromagnetic field can generate
a narrow-band circularly polarized wave. Considering
that the electric field in the second direction is 90 degrees
ahead of the electric field in the first direction and the
amplitudes of electric fields are almost equal, the anten-
na radiates left-handed circularly polarized waves in the
third direction. In detail, any two of the first direction, the
second direction and the third direction are perpendicular
to each other, and the third direction is perpendicular to
the intermediate substrate 11. In combination with the
attached drawings, the first direction refers to the x axis
direction in the attached drawings, the second direction
refers to the y axis direction in the attached drawings and
the third direction refers to the z axis direction.
[0028] Due to the narrow operating bandwidth of the
electric dipoles 112 excited by the quarter-wavelength

microstrip planar double wires, the end-fire circularly
polarized phased array antenna array cannot be used
in a broadband range. Therefore, the embodiment intro-
duces a pair of short-circuit parasitic branches 111 to
adjust the magnitude and phase of the electric field in the
first direction to be uniformly distributed over the broad-
band range, so as to expand its operating bandwidth. In
detail, the short-circuit parasitic branches 111 are ar-
ranged along the first direction, and the electric dipoles
112 are arranged along the first direction. There are at
least two short-circuit parasitic branches 111, e.g., two,
three, four, five, or six, etc. For example, if there are two
short-circuit parasitic branches 111, the two short-circuit
parasitic branches 111 are respectively arranged on two
sides of the intermediate substrate 11 (for example, the
left and right sides shown in FIG. 7), and are isolated from
the electric dipoles 112. That is, by isolating the short-
circuit parasitic branches 111 from the electric dipoles
112 contact, a different potential distribution is ensured
between the two. Due to the coupling effect, the short-
circuit parasitic branches 111 can still receive polarized
electromagnetic fields in the first direction, and the super-
position of the electric fields in the first direction can
achieve the purpose of expanding the operating fre-
quency band of the phased array antenna.
[0029] In detail, in order to achieve the isolation of the
short-circuit parasitic branches 111 and the electric di-
poles 112, in this embodiment, the phased array antenna
further includes two dielectric substrates 12 (see FIGS.
5‑6 and 8‑10 of this disclosure). The two dielectric sub-
strates 12 are located on the upper and lower sides of the
intermediate substrate 11 (that is, the intermediate sub-
strate 11 is arranged between the two dielectric sub-
strates 12). The two short-circuit parasitic branches
111 are respectively arranged inside of the two dielectric
substrates 12. That is, a pair of dielectric substrates 12
are introduced in the third direction to isolate the short-
circuit parasitic branches 111 and the electric dipoles 112.
Both of the dielectric substrates 12 are abut against the
intermediate substrate 11, and are provided with short-
circuit through holes for electrical connection. In detail,
the short-circuit parasitic branches are placed along the
first direction to couple the energy of electric field from the
first direction, and they are placed at the upper and lower
ends of the two short-circuit ends of the electric dipoles
112 (i.e., along the third direction), which is similar to the
capacitive loading structure of the antenna. In other
words, the electric dipoles 112 and the pair of short-circuit
parasitic branches 111 between the two dielectric sub-
strates 12 are all arranged along the first direction, and
their projections in the third direction are overlapped,
which can effectively improve the coupling degree and
enhance the radiation of the electric dipoles 112. In
practice, the intermediate substrate 11 is provided with
a structure adapted to the short-circuit through hole. The
short-circuit parasitic branches 111 are located on the
dielectric substrates 12, and the two dielectric substrates
12 are separated by the intermediate substrate 12. In the
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implementation, the short-circuit through hole is a trum-
pet-shaped metal through hole, which means that a metal
layer is coated on the inner wall of the short-circuit
through hole.
[0030] Through the above arrangements, the two di-
electric substrates 12 can affect the guided wave envir-
onment in which the electric dipoles 112 and the magnetic
dipoles 113 are in, so that the dielectric constants around
them are all the dielectric constant of the dielectric sub-
strate 12, which is beneficial to impedance matching of
the end-fire circularly polarized phased array antenna. In
the implementation, two dielectric substrates 12 are on
the antenna element 1, and both of them are paved with
metal grooves whose projections along the z-axis direc-
tion may partially overlapped or not overlapped at all. The
metal grooves are located on the side of the second
direction, i.e. the radiation direction.
[0031] In the implementation, the antenna elements 1
include a power divider 13 and a plurality of phase shifter
14. The power divider 13 is used for power distribution of
input signals to form multiple signals. The plurality of
phase shifters 14 are all connected to the power divider
13, and the plurality of phase shifters 14 are in one-to-one
correspondence with the multiple signals. The power
divider 13 and the phase shifters 14 form a power division
phase-shifting network, which distributes the power of
microwave input signal through a two-way power divider.
Three two-way power dividers can be cascaded to form a
four-way power divider and followed by a microwave
phase shifter, and a phase-shifting range may include
any angle. The multiple signals output after the phase
shifters 14 have the same phase, or are increased or
decreased by an equal phase difference along the first
direction. Typical data for the phase-shifting of four sig-
nals given in this disclosure are: group 1 (0 degree, 0
degree, 0 degree and 0 degree), group 2 (0 degree, ‑100
degree, ‑200 degree and ‑300 degree) and group 3 (0
degree, 100 degree, 200 degree and 300 degree). The
data given above is only an embodiment. In detail, the
phase shifts of four signals can be expressed as (x0,
x0+x1, x0+2*x1, x0+3*x1), in which x0 represents a
phase shift of the first signal, and x1 represents a phase
difference between two adjacent signals. Among the
plurality of antenna elements 1 in this disclosure, there
should be included an antenna element in which the
phase shifts of multiple signals are sequentially and
uniformly increasing, an antenna element in which the
phase shifts of multiple signals are equal, and an antenna
element in which the phase shifts of multiple signals are
sequentially decreasing. The microwave signal passes
through the power divider, and the phase shifting is
accomplished by using the phase-shifting characteristics
of the phase shifter 14 described above, and in the end-
fire circularly polarized array antenna, it is realized that
the four signals have different beam arrival times in order
to regulate the propagation direction of the synthesized
beam, and to achieve the purpose of phase modulation
and scanning. In the implementation, the phase modula-

tion of the end-fire circularly polarized phased array
antenna only occurs in the first direction, and the beam
in the second direction is not capable of scanning. That is,
the synthesized beam of the end-fire circularly polarized
phased array antenna can be phase scanned in the first
direction, maintaining the radiation characteristics of the
antenna element 1 in the second direction. It should be
noted that the multiple signals described in this disclo-
sure does not limited to four, and the above four signals
are merely an exemplary explanation. In the implemen-
tation, the signals can be divided into other numbers of
paths as needed.
[0032] The disclosure can use the rich frequency band
resources of millimeter wave frequency band and adopt
the end-fire circularly polarized phased array antenna
technology to realize a circularly polarized phased array
antenna under with beam scanning under wide fre-
quency band. In the disclosure, a wideband end-fire
circularly polarized antenna element is obtained by using
the technology of loading short-circuit parasitic branches,
to ensure the operating wide frequency band of the array
antenna. The phase shifter designed in this disclosure
can obtain the required beam scanning characteristics,
so as to meet the requirements of E-plane coverage, and
acquires the advantages of easy implementation, minia-
turization and low cost.
[0033] In order to further illustrate the principles and
effects of the disclosure, an embodiment will be used for
further explanation.
[0034] Please refer to FIGS. 2‑4, in this example, three
two-way power dividers are cascaded to form a four-way
power divider, which is followed by a microwave phase
shifter. The phase shifting range may include any angle.
The phase shifting is completed by using the phase
shifting characteristics of the phase shifter. In the end-
fire circularly polarized phased array antenna, four sig-
nals with different beam arrival times are realized to
regulate the propagation direction of the synthesized
beam for the purpose of phase modulation and scanning.
[0035] FIG. 5 is a three-dimensional schematic dia-
gram of a radiation portion of an end-fire circularly polar-
ized phased array antenna according to an embodiment
of the disclosure. As illustrated in FIG. 5, the dielectric
substrates 12 and the intermediate substrate 11 are close
to each other along the third direction, and the electrical
connection is realized through an arrary of short-circuit
through-holes. The width of the transmit lines is the same
as that of the electric dipoles 112, the transmit lines are
parallel to the second direction, and the transmission
direction is along the second direction. FIG. 6 is a top
view of the end-fire circularly polarized phased array
antenna in an x-z plane according to an embodiment
of the disclosure. As illustrated in FIG. 6, the projections
of the end-fire circularly polarized phased array antenna
in the z-axis direction are partially overlapped, because
the electric dipoles 112 and a pair of short-circuit parasitic
branches 111 located on the two dielectric substrates 12
are all placed along the first direction, so that the projec-
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tions of the three are overlapped in the z-axis direction.
The projection of the short-circuit parasitic branches of
one of the antenna elements has a period interval of
1.05mm along the first direction. FIG. 7 is a top view of
the end-fire circularly polarized phased array antenna in
an x-y plane according to an embodiment of the disclo-
sure.
[0036] As illustrated in FIGS. 8‑10, the three-dimen-
sional plane structural diagram of the end-fire circularly
polarized phased array antenna in different phases in this
example includes three layers of substrates, i.e., an
intermediate substrate 11, and two dielectric substrates
12 immediately above and below the intermediate sub-
strate 11 respectively. The specification of the SIW sub-
strate 11 is 8mm in length, 8mm in width and 0.5mm in
height. The specification of the upper and lower dielectric
substrates 12 are 1.95mm in length, 1.95mm in width and
0.5mm in height. The size of metal short-circuit through
holes on the SIW substrate is 0.25mm in diameter, and
0.1mm spacing between adjacent metal short-circuit
through holes. The dielectric constant value of the
three-layer substrates are all 3.55. The dielectric sub-
strate 12 is placed with short-circuit parasitic branches
111, and the intermediate substrate is arranged between
the dielectric substrates 12. The specification of short-
circuit parasitic branches is 0.49mm in length and
0.26mm in width.
[0037] FIG. 11 is a graph illustrating a curve of reflec-
tion coefficient of the antenna as a function of frequency.
This example covers the 22 GHz to 34 GHz frequency
band and has a reflection coefficient of ‑4dB<S11< 19dB.
[0038] FIG. 12 is a left-handed circularly polarized gain
curve of the end-fire circularly polarized phased array
antenna according to an embodiment of the disclosure.
As illustrated in FIG. 12, in this example, a short-circuit
parasitic branch is added to each of the upper and lower
substrates respectively, which can effectively improve
the coupling degree, improve the radiation of the electric
dipoles 112 and increase the gain of the antenna.
[0039] FIG. 13 is a graph of a curve of axial ratio
characteristics of the end-fire circularly polarized phased
array antenna as a function of frequency according to an
embodiment of the disclosure. As can be seen from FIG.
13, the axial ratio fluctuates in the range of 2dB‑4dB in the
frequency band of 23GHz‑32GHz in this example, so it
can be seen that it has good axial ratio characteristics due
to its small axial ratios.
[0040] FIG. 14 is a radiation E-plane pattern of the end-
fire circularly polarized phased array antenna under dif-
ferent phase-shifting networks according to an embodi-
ment of the disclosure. As illustrated in FIG. 14, in this
example, the scanning range of E-plane pattern under
different phase-shifting networks reaches ±60°, so it can
be seen that the end-fire circularly polarized phased
array antenna provided by this disclosure has good beam
scanning characteristics.
[0041] The structure, features and effects of the dis-
closure have been described in detail above according to

the embodiments shown in the drawings. Only the pre-
ferred embodiments of this disclosure are illustrated
above, but this disclosure does not limit the scope of
implementation as shown in the drawings. Any changes
made in accordance with the concept of this disclosure,
or modifications to equivalent embodiments of equivalent
changes, still do not exceed the spirit covered by the
specification and drawings, and should be within the
protection scope of this disclosure.

Claims

1. A phased array antenna comprising a plurality of
antenna elements, each of the plurality of the anten-
na elements comprises:

an intermediate substrate provided with electric
dipoles; and
short-circuit parasitic branches, wherein the
number of the short-circuit parasitic branches
is at least two, the at least two short-circuit
parasitic branches are respectively arranged
at two sides of the intermediate substrate, and
the short-circuit parasitic branches are isolated
from the electric dipoles.

2. The phased array antenna of claim 1, wherein the
number of the short-circuit parasitic branches is two.

3. The phased array antenna of claim 1, wherein the
phased array antenna further comprises two dielec-
tric substrates, the intermediate substrate is ar-
ranged between the two dielectric substrates, and
the two short-circuit parasitic branches are arranged
in the two dielectric substrates respectively.

4. The phased array antenna of claim 3, wherein each
of the two dielectric substrates are abutted against
the intermediate substrate, and each of the dielectric
substrates is provided with a short-circuit through
hole for electrical connection.

5. The phased array antenna of claim 1, wherein the
short-circuit parasitic branches and the electric di-
poles are arranged in a first direction, and the short-
circuit parasitic branches are placed on both sides of
the intermediate substrate in the first direction.

6. The phased array antenna of claim 5, wherein the
intermediate substrate is a substrate integrated wa-
veguide substrate with the electric field pointing in a
second direction in an operating mode, and the first
direction is perpendicular to the second direction.

7. The phased array antenna of claim 6, wherein the
intermediate substrate is further provided with mag-
netic dipoles and transmit lines, the magnetic dipoles
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are arranged in the second direction, and the mag-
netic dipoles and the electric dipoles are connected
by a quarter-wavelength microstrip plane double
wires.

8. The phased array antenna of claim 6, wherein pro-
jections of the short-circuit parasitic branches in a
third direction coincides with projections of the elec-
tric dipoles in the intermediate substrate in the third
direction, and the third direction is perpendicular to
the first direction and the second direction.

9. The phased array antenna of any one of claims 1‑8,
wherein each of the antenna elements comprises a
power divider, and the power divider is used to dis-
tribute the power of input signals to form multiple
signals.

10. The phased array antenna of claim 9, wherein each
of the antenna elements further comprises a plurality
of phase shifters, each of the plurality of phase
shifters is connected to the power divider, and the
phase shifters are in one-to-one correspondence
with the multiple signals.

11. The phased array antenna of claim 10, wherein the
multiple signals output after the plurality of phase
shifters have the same phase, or are incremented or
decremented by equal phase difference along the
first direction.

12. The phased array antenna of claim 9, wherein the
power divider comprises three cascaded two-way
power dividers.
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