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(57)  Thepresentdisclosure provides asymmetrically
fed waveguide antenna array element and a waveguide
antenna array. The symmetrically fed waveguide anten-
naarray elementincludes a 180° E-plane power divider, a
first E-plane feed line, a second E-plane feed line, a first
E-plane-to-H-plane waveguide converter, a second E-
plane-to-H-plane waveguide converter, an H-plane wa-
veguide, and a radiation slot array. With the differential
symmetric feeding scheme and the equally-divided sym-
metric feeding scheme, the present disclosure has ad-
vantages of a broad operation bandwidth, a symmetric
radiation pattern, and flexible adjustment for the physical
aperture size of the antenna, and can address many key
pain points. By optimizing the impedance matching, the
present disclosure makes symmetric feeding networks
more compact to achieve wide application scenarios.
The present disclosure can be implemented either on
two metallized injection-molded parts via welding, oron a
metallized injection-molded part and a thin copper sheet,
thereby significantly reducing the thickness of the anten-
na.
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Description
TECHNICAL FIELD

[0001] The present disclosure relates to an antenna
array element and a waveguide antenna array, and in
particular to a symmetrically fed waveguide antenna
array element and a waveguide antenna array, which
belong to the technical field of antennas.

BACKGROUND TECHNOLOGY

[0002] Waveguide antennas utilize waveguide struc-
tures to transmit and radiate electromagnetic waves.
Waveguides, as structures for channelizing electromag-
netic waves, are typically filled with air or vacuum, but
they may also be filled with other dielectric materials.
Waveguide antennas typically exhibit high directivity and
gain, and have therefore been widely used in the fields
such as radar, satellite communications, microwave
measurements, radio broadcasting, and television.
[0003] Chinese Patent Application No. CN 108336507
Adiscloses a symmetrically fed traveling-wave C-shaped
waveguide antenna array applied to Ku-band satellite
communication, including a metal C-shaped waveguide
power divider. A metal C-shaped waveguide antenna
radiating element is disposed between two ports of the
metal C-shaped waveguide power divider. A feeding
metal diaphragm and a metal disc are disposed on an
inner wall of the metal C-shaped waveguide power divi-
der. The symmetrically fed traveling-wave C-shaped wa-
veguide antenna array further includes a coaxial adapter.
The coaxial adapter is inserted into the metal C-shaped
waveguide power divider through a metal probe. The
antenna in this scheme has a simple structure with a
small size, can be manufactured easily, achieves broad-
band impedance matching, and balances miniaturization
with broadband performance. Furthermore, when a vol-
tage standing wave ratio (VSWR) is less than 2, this
scheme exhibits a relative bandwidth of 8.2%, a high
main lobe gain, and a low side lobe level (SLL), enhan-
cing radiation efficiency.

[0004] This scheme cannot achieve miniaturization
due to excessive height, and it requires a large number
of layers. Since the feeding metal diaphragm and the
metal disc are mounted on the inner wall of the metal C-
shaped waveguide power divider, and the coaxial adap-
ter is inserted into the metal C-shaped waveguide power
divider via the metal probe, this scheme suffers from a
high cost and requires high manufacturing precision in
the 77-GHz band.

[0005] Chinese Patent Application No. CN 113904097
Adiscloses awaveguide antenna, a radar, and a vehicle.
The waveguide antenna includes an antenna body, a
radiation slot array, and beam-expanding radiation slots.
The antenna body includes a radiation array plane. The
radiation slot array is disposed on the radiation array
plane. The radiation slot array and the antenna body
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constitute the antenna capable of generating a radiation
signal. The beam-expanding radiation slots are formed in
the radiation array plane, and respectively located on two
sides of the radiation slot array. The beam-expanding
radiation slots are configured to cut a current on the
radiation array plane to generate a radiation signal.
The radiation signal from the beam-expanding radiation
slots and the radiation signal from the radiation slot array
are superimposed to expand a beam width of the wave-
guide antenna. The waveguide antenna provided by this
scheme solves the problem of the narrow beam in exist-
ing waveguide antennas.

[0006] In this scheme, the antenna exhibits relatively
high SLLs in some directions. For cost savings, a side
feeding scheme is used. When a frequency of the anten-
na deviates from a center frequency, the H-plane beam
pointing angle of the antenna deviates from 0°, thereby
narrowing the operating bandwidth of the antenna. If a
center feeding scheme is used, it results in higher overall
cost, increased mounting cost, and a reduced yield rate.
[0007] Chinese Patent Application No. CN 216055193
U discloses a millimeter-wave flat-panel waveguide array
antenna. The millimeter-wave flat-panel waveguide ar-
ray antenna includes a radiation array panel, a feeding
panel, and an output waveguide panel. The radiation
array panel, the feeding panel, and the output waveguide
panel use electroplatable plastic with low warpage and
low deformation as the base material, and are formed by
high-speed and high-precision injection molding. Then,
plasma treatment is performed on the surfaces of the
molded parts. Next, a metal layer is formed by vacuum-
sputtering, specifically, by depositing a silver layer onto a
copper substrate. Finally, solder paste is printed onto
discontinuous or offset weld regions, followed by reflow
soldering, thereby achieving continuous and closed
welding of the waveguide cavity. This scheme features
asimple process, fast welding, high production efficiency,
and significantly reduced cost.

[0008] However,the centerfeeding scheme adoptedin
this scheme results in an increased number of antenna
layers, more mounting operations, and a lower antenna
yield rate.

[0009] In summary, the prior art exhibits the following
defects:

1. The side feeding scheme results in a narrow
operating bandwidth and an asymmetric radiation
pattern for the waveguide antenna.

2. Conventional offset slots lead to high SLLs in the
radiation pattern of the antenna at certain angles.
3. The conventional center feeding scheme employs
a three-layer waveguide antenna structure, leading
to high cost.

4. In addition to main signals, conventional wave-
guide antennas include other components, which
cause significant ripples in multi-channel antennas
at large angles. Typically, absorbing materials are
employed to suppress these components.
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5. Conventional two-layer cavity schemes com-
monly require an even number of radiating aper-
tures.

CONTENT OF THE INVENTION

[0010] A technical problem to be solved by the present
disclosure is to provide a symmetrically fed waveguide
antenna array element and a waveguide antenna array,
to achieve a broader operation bandwidth, a symmetric
radiation pattern, a low SLL, and a low cost.

[0011] To solve the above technical problems, the pre-
sent disclosure adopts the following technical solutions:
A symmetrically fed waveguide antenna array element
includes a 180° E-plane power divider, a first E-plane
feedline, a second E-plane feed line, a first E-plane-to-H-
plane waveguide converter, a second E-plane-to-H-
plane waveguide converter, an H-plane waveguide,
and a radiation slot array, where a first output port of
the 180° E-plane power divider is connected to one end of
the first E-plane feed line; another end of the first E-plane
feed line is connected to an input end of the first E-plane-
to-H-plane waveguide converter; an output end of the
first E-plane-to-H-plane waveguide converter is con-
nected to one end of the H-plane waveguide; a second
output port of the 180° E-plane power divider is con-
nected to one end of the second E-plane feed line;
another end of the second E-plane feed line is connected
to an input end of the second E-plane-to-H-plane wave-
guide converter; an output end of the second E-plane-to-
H-plane waveguide converter is connected to another
end of the H-plane waveguide; the radiation slot array is
disposed on a top side of the H-plane waveguide; the first
E-plane feed line and the second E-plane feed line have a
same length; and the radiation slotarray includes an even
number of radiating apertures.

[0012] Further, the first E-plane-to-H-plane waveguide
converter and the second E-plane-to-H-plane waveguide
converter each are provided with an impedance match-
ing step.

[0013] Further, there are four radiating apertures that
are afirst radiating aperture, a second radiating aperture,
a third radiating aperture, and a fourth radiating aperture
in sequence; the first radiating aperture, the second
radiating aperture, the third radiating aperture, and the
fourth radiating aperture have dimensions of 0.9 mm X
2.2 mm X 1.7 mm; and a center-to-center spacing be-
tween adjacent ones of the first radiating aperture, the
second radiating aperture, the third radiating aperture,
and the fourth radiating aperture is 3.3 mm.

[0014] Further, the H-plane waveguide includes a first
rectangular portion, a first trapezoidal protrusive portion,
a second trapezoidal protrusive portion, and a second
rectangular portion; one end of the first rectangular por-
tion is connected to one end of the first trapezoidal
protrusive portion; another end of the first trapezoidal
protrusive portion is connected to one end of the second
trapezoidal protrusive portion; another end of the second
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trapezoidal protrusive portion is connected to one end of
the second rectangular portion; the first trapezoidal pro-
trusive portion protrudes toward one side of the H-plane
waveguide; the second trapezoidal protrusive portion
protrudes toward another side of the H-plane waveguide;
the first trapezoidal protrusive portion and the second
trapezoidal protrusive portion are point-symmetric about
a central point of the H-plane waveguide; the first rec-
tangular portion and the second rectangular portion are
offset toward two sides of the H-plane waveguide in a
length direction; and the first rectangular portion and the
second rectangular portion are also point-symmetric
about the central point of the H-plane waveguide.
[0015] A symmetrically fed waveguide antenna array
element includes a 180° E-plane power divider, a first E-
plane feed line, a second E-plane feed line, a first E-
plane-to-H-plane waveguide converter, a second E-
plane-to-H-plane waveguide converter, an H-plane wa-
veguide, and a radiation slot array, where a first output
portof the 180° E-plane power divider is connected toone
end of the first E-plane feed line; another end of the first E-
plane feed line is connected to an input end of the first E-
plane-to-H-plane waveguide converter; an output end of
the first E-plane-to-H-plane waveguide converter is con-
nected to one end of the H-plane waveguide; a second
output port of the 180° E-plane power divider is con-
nected to one end of the second E-plane feed line;
another end of the second E-plane feed line is connected
to an input end of the second E-plane-to-H-plane wave-
guide converter; an output end of the second E-plane-to-
H-plane waveguide converter is connected to another
end of the H-plane waveguide; the radiation slot array is
disposed on a top side of the H-plane waveguide; the first
E-plane feedline and the second E-plane feed line have a
length difference of X, such that a phase difference
between signals respectively passing through the two
feed lines is 180°; and the radiation slot array includes an
odd number of radiating apertures.

[0016] Further, there are three radiating apertures that
are a fifth radiating aperture, a sixth radiating aperture,
and a seventh radiating aperture in sequence.

[0017] Further, the H-plane waveguide includes a third
rectangular portion, a third trapezoidal protrusive portion,
and a fourth rectangular portion; one end of the third
rectangular portion is connected to one end of the third
trapezoidal protrusive portion; another end of the third
trapezoidal protrusive portion is connected to one end of
the fourth rectangular portion; the third trapezoidal pro-
trusive portion protrudes toward one side of the H-plane
waveguide; and the third rectangular portion and the
fourth rectangular portion are symmetrically disposed
on two ends of the third trapezoidal protrusive portion.
[0018] Further, the fifth radiating aperture, the sixth
radiating aperture, and the seventh radiating aperture
are rectangular-slot radiating apertures.

[0019] Further, the fifth radiating aperture, the sixth
radiating aperture, and the seventh radiating aperture
are rectangular-horn radiating apertures.
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[0020] A waveguide antenna array includes an even
number of symmetrically fed waveguide antenna array
elements, where the even number of symmetrically fed
waveguide antenna array elements are equally divided
into two groups; and one group of symmetrically fed
waveguide antenna array elements serves as a signal
transmitting element group, while the other group of
symmetrically fed waveguide antenna array elements
serves as a signal receiving element group.

[0021] Compared with the prior art, the present disclo-
sure has the following advantages and effects:

1. The present disclosure makes use of the sym-
metric feeding scheme to expand the operation
bandwidth of the antenna. High symmetry of the
feeding can ensure the symmetry of the radiation
pattern.

2. With the differential symmetric feeding scheme,
the presentdisclosure transmits the signal in positive
and negative paths, and this process is called differ-
ential transmission. The two paths of signals can
mutually counteract partial interference during trans-
mission due to their different polarities, thereby
achieving more stable signal transmission, and en-
suring that SLLs at all angles are not aggravated by
such interference.

3. Since the symmetric feeding networks are com-
pact, and are located at a same side of the wave-
guide antenna, the present disclosure only requires
two layers of waveguides, reducing the cost, and
omitting the mounting of one layer.

4. With the differential symmetric feeding scheme,
the present disclosure transmits the signal in positive
and negative paths, and this process is called differ-
ential transmission. The two paths of signals can
mutually counteract partial interference during trans-
mission due to their different polarities, thereby
achieving more stable signal transmission, and en-
suring that SLLs at all angles are not aggravated by
such interference.

5. The present disclosure is applicable to the even
number of radiating apertures or the odd number of
radiating apertures. It can be implemented either on
a metallized injection-molded part and a thin copper
sheet, or on two metallized injection-molded parts.

DESCRIPTION OF THE DRAWINGS
[0022]

FIG. 1 is a schematic view in Embodiment 1 of a
symmetrically fed waveguide antenna array element
according to the present disclosure;

FIG. 2 is a schematic plan view in Embodiment 1 of a
symmetrically fed waveguide antenna array element
according to the present disclosure;

FIG. 3 is a schematic simulation diagram of an
operation bandwidth in Embodiment 1 of a symme-
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trically fed waveguide antenna array element ac-
cording to the present disclosure;

FIG. 4 is a schematic simulation diagram of a radia-
tion pattern in Embodiment 1 of a symmetrically fed
waveguide antenna array element according to the
present disclosure;

FIG. 5 is a schematic view in Embodiment 2 of a
symmetrically fed waveguide antenna array element
according to the present disclosure;

FIG. 6 is a schematic simulation diagram of an
operation bandwidth in Embodiment 2 of a symme-
trically fed waveguide antenna array element ac-
cording to the present disclosure;

FIG. 7 is a schematic simulation diagram of a radia-
tion pattern in Embodiment 2 of a symmetrically fed
waveguide antenna array element according to the
present disclosure;

FIG. 8 is a schematic view in Embodiment 3 of a
symmetrically fed waveguide antenna array element
according to the present disclosure;

FIG. 9 is a schematic simulation diagram of an
operation bandwidth in Embodiment 3 of a symme-
trically fed waveguide antenna array element ac-
cording to the present disclosure;

FIG. 10 is a schematic simulation diagram of a
radiation pattern in Embodiment 3 of a symmetrically
fed waveguide antenna array element according to
the present disclosure; and

FIG. 11 is a schematic view of a waveguide antenna
array according to the present disclosure.

SPECIFIC IMPLEMENTATIONS

[0023] In order to elaborate the technical solutions
adopted by the present disclosure to achieve predeter-
mined technical objectives, the following clearly and
completely describes the technical solutions in the em-
bodiments of the present disclosure with reference to the
accompanying drawings in the embodiments of the pre-
sent disclosure. Apparently, the described embodiments
are merely a partrather than all of the embodiments of the
present disclosure. Furthermore, replacements can be
made to the technical means or technical features in the
embodiments of the present disclosure, without involving
creative labor. The present disclosure will be described in
detail below with reference to the accompanying draw-
ings and embodiments.

Embodiment 1

[0024] As shown in FIG. 1 and FIG. 2, the present
disclosure provides a symmetrically fed waveguide an-
tenna array element, including 180° E-plane power divi-
der 1, first E-plane feed line 2, second E-plane feed line 3,
first E-plane-to-H-plane waveguide converter 4, second
E-plane-to-H-plane waveguide converter 5, H-plane wa-
veguide 6, and radiation slot array 7. A first output port of
the 180° E-plane power divider 1 is connected to one end
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of the first E-plane feed line 2. Another end of the first E-
plane feed line 2 is connected to an input end of the first E-
plane-to-H-plane waveguide converter 4. An output end
of the first E-plane-to-H-plane waveguide converter 4 is
connected to one end of the H-plane waveguide 6. A
second output port of the 180° E-plane power divider 1 is
connected to one end of the second E-plane feed line 3.
Another end of the second E-plane feed line 3 is con-
nected to an input end of the second E-plane-to-H-plane
waveguide converter 5. An output end of the second E-
plane-to-H-plane waveguide converter 5 is connected to
another end of the H-plane waveguide 6. The radiation
slot array 7 is disposed on a top side of the H-plane
waveguide 6. The first E-plane feed line 2 and the second
E-plane feed line 3 have a same length. The radiation slot
array 7 includes an even number of radiating apertures.
[0025] Inthe presentdisclosure, a signal is fed from an
input end of the 180° E-plane power divider 1. Through
the 180° E-plane power divider 1, energy is equally
divided into two paths of signals with a phase difference
of 180°. The two paths of signals respectively pass
through the first E-plane feed line 2 and the second E-
plane feed line 3 having the same length, and then
respectively are converted by the first E-plane-to-H-
plane waveguide converter 4 and the second E-plane-
to-H-plane waveguide converter 5, thereby feeding into
the H-plane waveguide 6.

[0026] The first E-plane-to-H-plane waveguide con-
verter 4 and the second E-plane-to-H-plane waveguide
converter 5 each are provided with an impedance match-
ing step. In conventional symmetric feeding schemes,
the longitudinal size of the antenna (parallel to the central
axis of the radiating element) is significantly increased by
about one wavelength. By miniaturizing the E-plane-to-
H-plane waveguide converter, the present disclosure
achieves the compact symmetric feeding scheme. The
E-plane waveguide is directly converted to the H-plane
waveguide first, and at this time, only the width of the E-
plane waveguide is increased by about 1 mm, and two
sides of the antenna are increased by about 2 mm, i.e.,
about half the wavelength. Nevertheless, the antenna
fails to achieve impedance matching. In the present
disclosure, the E-plane-to-H-plane waveguide converter
is provided with the impedance matching step to optimize
performance of the E-plane-to-H-plane waveguide con-
verter, thereby realizing the lossless transmission of the
energy. Meanwhile, the horizontal plane of the antenna
can also be miniaturized by reducing the structure of the
E-plane power divider. A minimum spacing between
channels on two sides of the E-plane power divider
can be 1 mm, and the structure of the impedance match-
ing step is optimized, thereby realizing the lossless trans-
mission of the energy.

[0027] There are four radiating apertures that are first
radiating aperture 8, second radiating aperture 9, third
radiating aperture 10, and fourth radiating aperture 11 in
sequence. The first radiating aperture 8, the second
radiating aperture 9, the third radiating aperture 10,
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and the fourth radiating aperture 11 have dimensions
of 0.9 mm X 2.2 mm X 1.7 mm. A center-to-center
spacing between adjacent ones of the first radiating
aperture 8, the second radiating aperture 9, the third
radiating aperture 10, and the fourth radiating aperture
11is 3.3 mm.

[0028] The H-plane waveguide 6 includes first rectan-
gular portion 12, first trapezoidal protrusive portion 13,
second trapezoidal protrusive portion 14, and second
rectangular portion 15. One end of the first rectangular
portion 12 is connected to one end of the first trapezoidal
protrusive portion 13. Another end of the first trapezoidal
protrusive portion 13 is connected to one end of the
second trapezoidal protrusive portion 14. Another end
of the second trapezoidal protrusive portion 14 is con-
nected to one end of the second rectangular portion 15.
The first trapezoidal protrusive portion 13 protrudes to-
ward one side of the H-plane waveguide 6. The second
trapezoidal protrusive portion 14 protrudes toward an-
other side of the H-plane waveguide 6. The first trape-
zoidal protrusive portion 13 and the second trapezoidal
protrusive portion 14 are point-symmetric about a central
point of the H-plane waveguide 6. The first rectangular
portion 12 and the second rectangular portion 15 are
offset toward two sides of the H-plane waveguide 6 in a
length direction. The first rectangular portion 12 and the
second rectangular portion 15 are also point-symmetric
about the central point of the H-plane waveguide 6.
[0029] Toreduce SLLsofthe antenna, itis required that
the second radiating aperture 9 and the third radiating
aperture 10 have higher energy, while the first radiating
aperture 8 and the fourth radiating aperture 11 have lower
energy. Therefore, the H-plane waveguide 6 is trapezoid-
ally bent, and a distance between each radiating aperture
and a central axis of the waveguide is controlled by a
bending angle. Since the second radiating aperture 9 and
the third radiating aperture 10 require the high energy,
their bending angles (i.e., the inclination angle between
the leg and the base of each trapezoid) range from 30° to
60°. Since the first radiating aperture 8 and the fourth
radiating aperture 11 require the low energy, it is only
necessary to design a waveguide cavity away from the
first radiating aperture 8 and the fourth radiating aperture
11.

[0030] FIG. 3 is a schematic simulation diagram of an
operation bandwidth in Embodiment 1 of a symmetrically
fed waveguide antenna array element according to the
present disclosure. FIG. 4 is a schematic simulation
diagram of a radiation pattern in Embodiment 1 of a
symmetrically fed waveguide antenna array element ac-
cording to the present disclosure. As can be seen from
FIG. 3 and FIG. 4, the symmetrically fed waveguide
antenna array element in Embodiment 1 of the present
disclosure exhibits desirable performance in the 74-81
GHz band, the antenna exhibits excellent radiation pat-
tern consistency in the 76-79 GHz band, the beam point-
ing angles in the elevation plane are 0°, and the SLLs are
less than -20 dB.
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Embodiment 2

[0031] As shown in FIG. 5, a symmetrically fed wave-
guide antenna array element includes 180° E-plane
power divider 1, first E-plane feed line 2, second E-plane
feed line 3, first E-plane-to-H-plane waveguide converter
4, second E-plane-to-H-plane waveguide converter 5, H-
plane waveguide 6, and radiation slot array 7. A first
output port of the 180° E-plane power divider 1 is con-
nected to one end of the first E-plane feed line 2. Another
end of the first E-plane feed line 2 is connected to an input
end of the first E-plane-to-H-plane waveguide converter
4. An output end of the first E-plane-to-H-plane wave-
guide converter 4 is connected to one end of the H-plane
waveguide 6. A second output port of the 180° E-plane
power divider 1 is connected to one end of the second E-
plane feed line 3. Another end of the second E-plane feed
line 3 is connected to an input end of the second E-plane-
to-H-plane waveguide converter 5. An output end of the
second E-plane-to-H-plane waveguide converter 5 is
connected to another end of the H-plane waveguide 6.
The radiation slot array 7 is disposed on a top side of the
H-plane waveguide 6. The first E-plane feed line 2 and
the second E-plane feed line 3 have a length difference of
X, such that a phase difference between signals respec-
tively passing through the two feed lines is 180°. The
radiation slot array 7 includes an odd number of radiating
apertures.

[0032] Inthe presentdisclosure, a signal is fed from an
input end of the 180° E-plane power divider 1. Through
the 180° E-plane power divider 1, energy is equally
divided into two paths of signals with a phase difference
of 180°. The two paths of signals respectively pass
through the first E-plane feed line 2 and the second E-
plane feed line 3 having the length difference of X. The
two paths of signals have a same phase when respec-
tively reaching the first E-plane-to-H-plane waveguide
converter 4 and the second E-plane-to-H-plane wave-
guide converter 5, and are symmetrically fed into the H-
plane waveguide 6.

[0033] There are three radiating apertures that are fifth
radiating aperture 16, sixth radiating aperture 17, and
seventh radiating aperture 18 in sequence. The fifth
radiating aperture 16, the sixth radiating aperture 17,
and the seventh radiating aperture 18 are rectangular-
slot radiating apertures.

[0034] The H-plane waveguide 6 includes third rectan-
gular portion 19, third trapezoidal protrusive portion 20,
and fourth rectangular portion 21. One end of the third
rectangular portion 19 is connected to one end of the third
trapezoidal protrusive portion 20. Another end of the third
trapezoidal protrusive portion 20 is connected to one end
of the fourth rectangular portion 21. The third trapezoidal
protrusive portion 20 protrudes toward one side of the H-
plane waveguide 6. The third rectangular portion 19 and
the fourth rectangular portion 21 are symmetrically dis-
posed on two ends of the third trapezoidal protrusive
portion 20.
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[0035] FIG. 6 is a schematic simulation diagram of an
operation bandwidth in Embodiment 2 of a symmetrically
fed waveguide antenna array element according to the
present disclosure. FIG. 7 is a schematic simulation
diagram of a radiation pattern in Embodiment 2 of a
symmetrically fed waveguide antenna array element ac-
cording to the present disclosure. As can be seen from
FIG. 6 and FIG. 7, the symmetrically fed waveguide
antenna array element in Embodiment 2 of the present
disclosure exhibits desirable performance in the 74-81
GHz band, the antenna exhibits excellent radiation pat-
tern consistency in the 76-79 GHz band, the beam point-
ing angles in the elevation plane are 0°, and the SLLs are
less than -20 dB.

Embodiment 3

[0036] As shown in FIG. 8, a symmetrically fed wave-
guide antenna array element includes 180° E-plane
power divider 1, first E-plane feed line 2, second E-plane
feed line 3, first E-plane-to-H-plane waveguide converter
4, second E-plane-to-H-plane waveguide converter 5, H-
plane waveguide 6, and radiation slot array 7. A first
output port of the 180° E-plane power divider 1 is con-
nected to one end of the first E-plane feed line 2. Another
end of the first E-plane feed line 2 is connected to an input
end of the first E-plane-to-H-plane waveguide converter
4. An output end of the first E-plane-to-H-plane wave-
guide converter 4 is connected to one end of the H-plane
waveguide 6. A second output port of the 180° E-plane
power divider 1 is connected to one end of the second E-
plane feed line 3. Another end of the second E-plane feed
line 3 is connected to aninput end of the second E-plane-
to-H-plane waveguide converter 5. An output end of the
second E-plane-to-H-plane waveguide converter 5 is
connected to another end of the H-plane waveguide 6.
The radiation slot array 7 is disposed on a top side of the
H-plane waveguide 6. The first E-plane feed line 2 and
the second E-plane feed line 3 have a length difference of
X, such that a phase difference between signals respec-
tively passing through the two feed lines is 180°. The
radiation slot array 7 includes an odd number of radiating
apertures.

[0037] Inthe presentdisclosure, a signalis fed from an
input end of the 180° E-plane power divider 1. Through
the 180° E-plane power divider 1, energy is equally
divided into two paths of signals with a phase difference
of 180°. The two paths of signals respectively pass
through the first E-plane feed line 2 and the second E-
plane feed line 3 having the length difference of X. The
two paths of signals have a same phase when respec-
tively reaching the first E-plane-to-H-plane waveguide
converter 4 and the second E-plane-to-H-plane wave-
guide converter 5, and are symmetrically fed into the H-
plane waveguide 6.

[0038] There are three radiating apertures that are fifth
radiating aperture 22, sixth radiating aperture 23, and
seventh radiating aperture 24 in sequence. The fifth
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radiating aperture 22, the sixth radiating aperture 23, and
the seventh radiating aperture 24 are rectangular-horn
radiating apertures.

[0039] The H-plane waveguide 6 includes fifth rectan-
gular portion 25, fourth trapezoidal protrusive portion 26,
and sixth rectangular portion 27. One end of the fifth
rectangular portion 25 is connected to one end of the
fourth trapezoidal protrusive portion 26. Another end of
the fourth trapezoidal protrusive portion 26 is connected
to one end of the sixth rectangular portion 27. The fourth
trapezoidal protrusive portion 26 protrudes toward one
side of the H-plane waveguide 6. The fifth rectangular
portion 25 and the sixth rectangular portion 27 are sym-
metrically disposed on two ends of the fourth trapezoidal
protrusive portion 26.

[0040] FIG. 9 is a schematic simulation diagram of an
operation bandwidth in Embodiment 3 of a symmetrically
fed waveguide antenna array element according to the
present disclosure. FIG. 10 is a schematic simulation
diagram of a radiation pattern in Embodiment 3 of a
symmetrically fed waveguide antenna array element ac-
cording to the present disclosure. As can be seen from
FIG. 9 and FIG. 10, the symmetrically fed waveguide
antenna array element in Embodiment 3 of the present
disclosure exhibits desirable performance in the 74-81
GHz band, the antenna exhibits excellent radiation pat-
tern consistency in the 76-79 GHz band, the beam point-
ing angles in the elevation plane are 0°, and the SLLs are
less than -20 dB.

Embodiment 4

[0041] As shown in FIG. 11, a waveguide antenna
array includes an even number of symmetrically fed
waveguide antenna array elements. The even number
of symmetrically fed waveguide antenna array elements
are equally divided into two groups. One group of sym-
metrically fed waveguide antenna array elements serves
as a signal transmitting element group, while the other
group of symmetrically fed waveguide antenna array
elements serves as a signal receiving element group.
An input end of 180° E-plane power divider 1 of each
symmetrically fed waveguide antenna array element is
connected to a waveguide converter on a chip port
through an E-plane waveguide feed line. A signal is
transmitted to the E-plane waveguide feed line through
the waveguide converter on the chip port, and fed into the
symmetrically fed waveguide antenna array element
through the 180° E-plane power divider 1. A four-trans-
mitter four-receiver (4T4R) model is used in the embodi-
ment. With the compact symmetric feeding scheme, the
overall size of the antenna is not increased compared
with the traditional center feeding or side feeding
scheme. Due to differential feeding, partial interference
during transmission can be counteracted, which can
improve the consistency of the antenna between the
elements. As shown in the figure, the differential sym-
metric feeding scheme improves the consistency by
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approximately 2 dB compared with the common scheme.
[0042] The present disclosure makes use of the sym-
metric feeding scheme to expand the operation band-
width of the antenna. High symmetry of the feeding can
ensure the symmetry of the radiation pattern. With the
differential symmetric feeding scheme, the present dis-
closure transmits the signal in positive and negative
paths, and this process is called differential transmission.
The two paths of signals can mutually counteract partial
interference during transmission due to their different
polarities, thereby achieving more stable signal transmis-
sion, and ensuring that SLLs at all angles are not aggra-
vated by such interference. Since the symmetric feeding
networks are compact, and are located at a same side of
the waveguide antenna, the present disclosure only re-
quires two layers of waveguides, reducing the cost, and
omitting the mounting of one layer. With the differential
symmetric feeding scheme, the present disclosure trans-
mits the signal in positive and negative paths, and this
process is called differential transmission. The two paths
of signals can mutually counteract partial interference
during transmission due to their different polarities, there-
by achieving more stable signal transmission, and en-
suring that SLLs at all angles are not aggravated by such
interference. The present disclosure is applicable to the
even number of radiating apertures or the odd number of
radiating apertures. It can be implemented either on a
metallized injection-molded part and a thin copper sheet,
or on two metallized injection-molded parts.

[0043] With the differential symmetric feeding scheme
and the equally-divided symmetric feeding scheme, the
present disclosure has advantages of a broad operation
bandwidth, a symmetric radiation pattern, and flexible
adjustment for the physical aperture size of the antenna,
and can address many key pain points. By optimizing the
impedance matching, the present disclosure makes sym-
metric feeding networks more compact to achieve wide
application scenarios. The present disclosure can be
implemented either on two metallized injection-molded
parts via welding, or on a metallized injection-molded part
and a thin copper sheet, thereby significantly reducing
the thickness of the antenna. The H-plane waveguide
can be not only a cavity waveguide but also a ridge
waveguide.

[0044] The above are only preferred embodiments of
the present disclosure, and are not intended to limit the
present disclosure in any form. Although the present
disclosure has been disclosed by the foregoing embodi-
ments, these embodiments are not intended to limit the
present disclosure. Any person skilled in the art may
make some changes or modifications to implement
equivalent embodiments with equivalent changes by
using the technical contents disclosed above without
departing from the scope of the technical solution of
the present disclosure. Any simple modification, equiva-
lent change and modification made to the foregoing
embodiments according to the technical essence of
the present disclosure without departing from the content
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of the technical solution of the present disclosure shall fall
within the scope of the technical solution of the present

connected to one end of the first trapezoidal protru-
sive portion; another end of the first trapezoidal

waveguide comprises a first rectangular portion, a
first trapezoidal protrusive portion, a second trape-
zoidal protrusive portion, and a second rectangular
portion; one end of the first rectangular portion is

disclosure. protrusive portion is connected to one end of the
second trapezoidal protrusive portion; another end
5 of the second trapezoidal protrusive portion is con-
Claims nected to one end of the second rectangular portion;
the first trapezoidal protrusive portion protrudes to-
A symmetrically fed waveguide antenna array ele- ward one side of the H-plane waveguide; the second
ment, comprising: a 180° E-plane power divider, a trapezoidal protrusive portion protrudes toward an-
first E-plane feed line, a second E-plane feed line,a 10 other side of the H-plane waveguide; the first trape-
first E-plane-to-H-plane waveguide converter, a sec- zoidal protrusive portion and the second trapezoidal
ond E-plane-to-H-plane waveguide converter, an H- protrusive portion are point-symmetric about a cen-
plane waveguide, and a radiation slot array, wherein tral point of the H-plane waveguide; the first rectan-
afirst output port of the 180° E-plane power divideris gular portion and the second rectangular portion are
connected to one end of the first E-plane feed line; 15 offset toward two sides of the H-plane waveguideina
another end of the first E-plane feed line is connected length direction; and the first rectangular portion and
to an input end of the first E-plane-to-H-plane wave- the second rectangular portion are also point-sym-
guide converter; an output end of the first E-plane-to- metric about the central point of the H-plane wave-
H-plane waveguide converter is connected to one guide.
end of the H-plane waveguide; a second output port 20
ofthe 180° E-plane power divideris connected to one A symmetrically fed waveguide antenna array ele-
end of the second E-plane feed line; another end of ment, comprising: a 180° E-plane power divider, a
the second E-plane feed line is connected to an input first E-plane feed line, a second E-plane feed line, a
end of the second E-plane-to-H-plane waveguide first E-plane-to-H-plane waveguide converter, a sec-
converter; an output end of the second E-plane-to- 25 ond E-plane-to-H-plane waveguide converter, an H-
H-plane waveguide converter is connected to an- plane waveguide, and a radiation slot array, wherein
other end of the H-plane waveguide; the radiation afirst output port of the 180° E-plane power divideris
slot array is disposed on a top side of the H-plane connected to one end of the first E-plane feed line;
waveguide; alength of the first E-plane feed line and another end of the first E-plane feed line is connected
a length of the second E-plane feed line are equal; 30 to an input end of the first E-plane-to-H-plane wave-
and the radiation slot array comprises an even num- guide converter; an output end of the first E-plane-to-
ber of radiating apertures. H-plane waveguide converter is connected to one
end of the H-plane waveguide; a second output port
The symmetrically fed waveguide antenna array ofthe 180° E-plane power divideris connected toone
element according to claim 1, wherein the first E- 35 end of the second E-plane feed line; another end of
plane-to-H-plane waveguide converter and the sec- the second E-plane feed line is connected to an input
ond E-plane-to-H-plane waveguide converter each end of the second E-plane-to-H-plane waveguide
are provided with an impedance matching step. converter; an output end of the second E-plane-to-
H-plane waveguide converter is connected to an-
The symmetrically fed waveguide antenna array 40 other end of the H-plane waveguide; the radiation
element according to claim 1, wherein there are four slot array is disposed on a top side of the H-plane
radiating apertures, including a first radiating aper- waveguide; the first E-plane feed line and the second
ture, a second radiating aperture, a third radiating E-plane feed line have a length difference of X, such
aperture, and a fourth radiating aperture in se- that a phase difference between signals respectively
quence; the first radiating aperture, the second ra- 45 passing through the two feed lines is 180°; and the
diating aperture, the third radiating aperture, and the radiation slot array comprises an odd number of
fourth radiating aperture have dimensions of 0.9 mm radiating apertures.
X 2.2mm X 1.7 mm; and a center-to-center spacing
between adjacent ones of the first radiating aperture, The symmetrically fed waveguide antenna array
the second radiating aperture, the third radiating 90 element according to claim 5, wherein there are
aperture, and the fourth radiating aperture is 3.3 mm. three radiating apertures, including a fifth radiating
aperture, a sixth radiating aperture, and a seventh
The symmetrically fed waveguide antenna array radiating aperture in sequence.
element according to claim 3, wherein the H-plane
55

The symmetrically fed waveguide antenna array
element according to claim 6, wherein the H-plane
waveguide comprises a third rectangular portion, a
third trapezoidal protrusive portion, and a fourth
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rectangular portion; one end of the third rectangular
portion is connected to one end of the third trapezoi-
dal protrusive portion; another end of the third tra-
pezoidal protrusive portion is connected to one end
of the fourth rectangular portion; the third trapezoidal
protrusive portion protrudes toward one side of the
H-plane waveguide; and the third rectangular portion
and the fourth rectangular portion are symmetrically
disposed on two ends of the third trapezoidal pro-
trusive portion.

The symmetrically fed waveguide antenna array
element according to claim 6, wherein the fifth radiat-
ing aperture, the sixth radiating aperture, and the
seventh radiating aperture are rectangular-slot ra-
diating apertures.

The symmetrically fed waveguide antenna array
element according to claim 6, wherein the fifth radiat-
ing aperture, the sixth radiating aperture, and the
seventh radiating aperture are rectangular-horn ra-
diating apertures.

A waveguide antenna array, comprising: an even
number of symmetrically fed waveguide antenna
array elements according to any one of claims 1 to
9, wherein the even number of symmetrically fed
waveguide antenna array elements are equally di-
vided into two groups; and one group of symmetri-
cally fed waveguide antenna array elements serves
as a signal transmitting element group, while the
other group of symmetrically fed waveguide antenna
array elements serves as a signal receiving element

group.
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