EP 4 683 109 A1

(1 9) Europdisches

Patentamt
European
Patent Office
Office européen

des brevets

(11) EP 4 683 109 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication:
21.01.2026 Bulletin 2026/04

(21) Application number: 23927881.5

(22) Date of filing: 17.03.2023

(51) International Patent Classification (IPC):

HO1Q 1/32(2006.01)

(52) Cooperative Patent Classification (CPC):

HO1Q 1/32

(86) International application number:

PCT/CN2023/082166

(87) International publication number:

WO 2024/192562 (26.09.2024 Gazette 2024/39)

(84) Designated Contracting States:
AL AT BEBG CH CY CZ DE DK EE ES FI FR GB
GRHRHUIEISITLILT LU LV MC ME MK MT NL
NO PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA
Designated Validation States:
KH MA MD TN

(71) Applicant: Shenzhen Yinwang Intelligent
Technologies Co., Ltd.
Shenzhen, Guangdong 518110 (CN)

(72) Inventors:

WU, Zhongjie
Shenzhen, Guangdong 518129 (CN)
¢ WANG, Wentao

Shenzhen, Guangdong 518129 (CN)
*« GAO, Chen

Shenzhen, Guangdong 518129 (CN)
* GAO, Xiang
Shenzhen, Guangdong 518129 (CN)

(74) Representative: Pfenning, Meinig & Partner mbB

Patent- und Rechtsanwilte
Theresienhohe 11a
80339 Miinchen (DE)

(54) RADIATION STRUCTURE, CIRCUIT BOARD, WAVEGUIDE ANTENNA AND COMMUNICATION

APPARATUS

(57) A radiation structure, a circuit board, a wave-
guide antenna, and a communication apparatus are pro-
vided, and are used in a millimeter-wave radar. The
radiation structure includes a metal layer, and the metal
layer includes a microstrip and a coupling structure. A
width of the coupling structure is greater than a width of
the microstrip. The coupling structure includes a coupling

312

3121

slot, and the coupling slot is formed by slitting the metal
layer. A field pattern of radiation excited by a magnetic
current source formed by the coupling structure matches
a propagation mode of a waveguide port, to implement
efficient conversion and transmission of electromagnetic
energy between the microstrip and a waveguide.

310

311

FIG. 3A

Processed by Luminess, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 4 683 109 A1
Description

TECHNICAL FIELD

[0001] This application relates to the communication field, and specifically, to a radiation structure, a circuit board, a
waveguide antenna, and a communication apparatus.

BACKGROUND

[0002] With rapid development of autonomous driving technologies, vehicle-mounted millimeter-wave radars are
increasingly widely used.

[0003] Inmillimeter-wave radar antennas, a waveguide antenna has significant advantages over a printed antenna of a
conventional printed circuit board (printed circuit board, PCB) in terms of characteristics of low loss and wide frequency
band. To transfer energy into a waveguide feeder for feeding of the waveguide antenna, the waveguide antenna needs a
transition structure that can convert an electromagnetic wave that is horizontally propagated on a microstrip into a vertically
connected rectangular waveguide.

[0004] However, in an existing transition structure, conversion efficiency of electromagnetic energy from a microstrip to
a waveguide is low, resulting in performance degradation of an entire radar system.

SUMMARY

[0005] An embodiment of this application provides a radiation structure, to implement efficient conversion and
transmission of electromagnetic energy. Embodiments of this application further provide a corresponding circuit board,
waveguide antenna, communication apparatus, millimeter-wave radar, transportation means, and the like.

[0006] Afirstaspectofthis application provides a radiation structure. The radiation structure includes a metal layer, and
the metal layer includes a microstrip and a coupling structure. A width of the coupling structure is greater than a width of the
microstrip. The coupling structure includes a coupling slot, and the coupling slot is formed by slitting the metal layer.
[0007] Inthis application, the coupling slot is formed by slitting the metal layer, and a dielectric layer is below the metal
layer. The metal layer is slit to expose the lower dielectric layer, to form the coupling slot. When the radiation structure is
used in a waveguide antenna, the coupling structure is coupled to a waveguide port on an upper layer, and the coupling
structure is a region used for coupling to the waveguide port on the upper layer.

[0008] In this application, the radiation structure is specifically configured to implement a transition function of the
waveguide antenna. After the radiation structure is attached to the waveguide port of the waveguide antenna, the
microstrip may excite TE, (an electromagnetic transmission mode with a lowest cut-off frequency in a waveguide) field
mode distribution in a resonant cavity (a cavity formed by the coupling structure), and the coupling slot on the metal layerin
the resonant cavity may effectively cut off a transverse current of the metal layer in the resonant cavity. According to the
Babinet’s principle, the coupling slot is equivalent to a magnetic current source, and is used to convert a guided
electromagnetic wave in the resonant cavity into a radiated electromagnetic wave. A field pattern radiated by the magnetic
current source formed by the coupling slot matches a TE ; propagation mode of the waveguide port, to implement efficient
conversion and transmission of electromagnetic energy between the microstrip and the waveguide, that is, implement
efficient conversion from a microstrip transverse electromagnetic mode (transverse electromagnetic mode, TEM) to a
waveguide TE, transmission mode.

[0009] According to the first aspect, the radiation structure includes the metal layer, and the metal layer includes the
microstrip and the coupling structure. The width of the coupling structure is greater than the width of the microstrip. The
coupling structure includes the coupling slot, and the coupling slot is formed by slitting the metal layer. The field pattern of
radiation excited by the magnetic current source formed by the coupling structure matches the propagation mode of the
waveguide port, to implement efficient conversion and transmission of the electromagnetic energy between the microstrip
and the waveguide.

[0010] Inapossible implementation of the first aspect, the coupling slotis located in the middle of the coupling structure.
[0011] Inthis possible implementation, when the coupling slot is located in the middle of the coupling structure, currents
on two sides of the coupling slot are mirror-symmetric. In this way, an electric field distributed in upper-layer space of the
coupling structure is excited. This improves implementability of the solution.

[0012] In a possible implementation of the first aspect, the coupling slot is located at a current node of the coupling
structure.

[0013] In this possible implementation, the coupling slot is specifically located at the current node of the coupling
structure, so that currents on two sides of the coupling slot are mirror-symmetric. In this way, an electric field distributed in
upper-layer space of the coupling structure is excited. This improves implementability of the solution.

[0014] In a possible implementation of the first aspect, currents on two sides of the coupling slot are mirror-symmetric.
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[0015] In this possible implementation, the currents on the two sides of the coupling slot are mirror-symmetric. In this
way, an electric field distributed in upper-layer space of the coupling structure is excited. This improves implementability of
the solution.

[0016] Ina possibleimplementation of the first aspect, a wide structure is disposed in the middle of the coupling slot, and
a width of the wide structure is greater than a width of the coupling slot.

[0017] Inthis possible implementation, the wide structure disposed in the middle of the coupling slot can adjust radiation
impedance of the coupling slot, further improving conversion efficiency.

[0018] In a possible implementation of the first aspect, a maximum width of the wide structure is at least 0.1 millimeter
greater than the width of the coupling slot.

[0019] In this possible implementation, the wide structure may be a rectangular structure, or an irregular gradient
structure, provided that a width of a widest position of the wide structure is 0.1 millimeter greater than the width of the
coupling slot. This improves implementability of the solution.

[0020] In a possible implementation of the first aspect, the metal layer further includes a transitional structure, the
transitional structure is configured to connect the microstrip and the coupling structure, and the transitional structure
includes an impedance matching structure and a delay structure; a feeder width of the impedance matching structure
gradually changes from a first width to a second width; and the delay structure is configured to divide the microstrip into a
first signal line and a second signal line, and in the delay structure, a length of the first signal line is greater than that of the
second signal line.

[0021] In this possible implementation, the impedance matching structure is configured to implement impedance
transformation from the microstrip to the two differential signal lines, and the delay structure is configured to implement
differential mode transmission on the two differential signal lines. This improves implementability of the solution.
[0022] Ina possibleimplementation of the first aspect, the radiation structure is used in a waveguide antenna, alength of
the impedance matching structure is 0.2 to 0.25 times a wavelength of the waveguide antenna, the length of the first signal
lineis greaterthan 0.45to 0.55 times the wavelength of the waveguide antenna of the second signal line, and alength of the
coupling slot is 0.45 to 0.55 times the wavelength of the waveguide antenna.

[0023] Inthis possible implementation, sizes of the impedance matching structure, the first signal line, the second signal
line, and the coupling slot are related to the wavelength of the waveguide antenna. This improves implementability of the
solution.

[0024] Inapossibleimplementation of the first aspect, the coupling slot is formed by corroding, engraving, or etching the
metal layer.

[0025] In this possible implementation, the coupling slot is formed by corroding, engraving, or etching the metal layer,
thatis, a slot is formed by corroding, engraving, or etching a middle position of the metal layer of the coupling structure, to
expose the dielectric layer below the metal layer to form the coupling structure.

[0026] A second aspect of this application provides a circuit board. The circuit board includes the radiation structure
according to the first aspect or any one of the possible implementations of the first aspect.

[0027] Inapossibleimplementation of the second aspect, the circuit board further includes a short-circuit structure, and
the short-circuit structure surrounds the radiation structure.

[0028] Inthis possible implementation, the short-circuit structure is configured to surround the radiation structure, and is
specifically configured to form a shielding structure, to allow a metal layer and a dielectric layer to form a closed resonant
cavity, limiting an electric field excited by a coupling structure to being mainly distributed in the resonant cavity. This avoids
leakage and improves transmission efficiency.

[0029] In a possible implementation of the second aspect, the short-circuit structure is a plurality of continuously
arranged metal pillars.

[0030] In this possible implementation, the short-circuit structure is the plurality of continuously arranged metal pillars,
that is, the short-circuit structure is in a cylindrical shape. This improves implementability of the solution.

[0031] A third aspect of this application provides a waveguide antenna. The waveguide antenna includes a waveguide
structure and the radiation structure according to the first aspect or any one of the possible implementations of the first
aspect. The waveguide structure includes awaveguide port and a protrusion structure; the protrusion structure is disposed
around the waveguide port, the protrusion structure is attached to the radiation structure, and the protrusion structure is
located around a coupling slot; and the waveguide portis configured to couple, to the waveguide structure, energy radiated
by the radiation structure.

[0032] According to the third aspect, the rectangular waveguide port formed by the protrusion structure on a lower end
face of the waveguide structure is aligned and attached to the coupling slot on an upper surface layer of a PCB circuitboard
in the radiation structure. In other words, the protrusion structure is attached to the radiation structure, and the waveguide
port is configured to couple, to the waveguide structure, the energy radiated by the radiation structure.

[0033] Inapossibleimplementation of the third aspect, the protrusion structure is disposed on the top and/or two sides of
the waveguide port.

[0034] Inthis possible implementation, the protrusion structure may be disposed on the top of the waveguide port, or on
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the two sides of the waveguide port as a discrete structure, or may be disposed on the top of the waveguide portand on the
two sides of the waveguide port. This improves implementability of the solution.

[0035] In a possible implementation of the third aspect, a length of the protrusion structure along a long side of the
waveguide port is 0.2 to 0.3 times a wavelength of the waveguide antenna.

[0036] In this possible implementation, length sizes and a spacing of protrusion structures along the long side of the
waveguide port are designed based on an approximately 0.25 wavelength of an intermediate frequency of a 76 GHz to 81
GHz frequency band. This electrical size can ensure transmission suppression (namely, a stopband) of an electro-
magnetic wave in the frequency band.

[0037] In a possible implementation of the third aspect, there are a plurality of protrusion structures, and a spacing
between the plurality of protrusion structures is 0.2 to 0.3 times the wavelength of the waveguide antenna.

[0038] In this possible implementation, a spacing between the plurality of protrusion structures is 0.2 to 0.3 times the
wavelength of the waveguide antenna, ensuring isolation between different channels.

[0039] In a possible implementation of the third aspect, there are a plurality of radiation structures and a plurality of
waveguide structures, and the plurality of waveguide structures are arranged in parallel at a preset spacing.

[0040] In this possible implementation, the plurality of waveguide structures are arranged in parallel at the preset
spacing, to form multi-port transition. Adjacent transition ports maintain complete structures without sharing, further
ensuring isolation between different channels.

[0041] In a possible implementation of the third aspect, the preset spacing is 3 millimeters.

[0042] In this possible implementation, the preset spacing is 3 millimeters, to ensure isolation between different
channels. This improves implementability of the solution.

[0043] A fourth aspect of this application provides a communication apparatus. The communication apparatus includes
the radiation structure according to the first aspect or any one of the possible implementations of the first aspect, the circuit
board according to the second aspect or any one of the possible implementations of the second aspect, or the waveguide
antenna according to the third aspect or any one of the possible implementations of the third aspect.

[0044] A fifth aspect of this application provides a millimeter-wave radar. The millimeter-wave radar includes the
radiation structure according to the first aspect or any one of the possible implementations of the first aspect, the circuit
board according to the second aspect or any one of the possible implementations of the second aspect, or the waveguide
antenna according to the third aspect or any one of the possible implementations of the third aspect.

[0045] A sixth aspect of this application provides a transportation means. The transportation means includes the
millimeter-wave radar according to the fifth aspect.

[0046] Inembodiments of this application, the radiation structure includes the metal layer, and the metal layer includes
the microstrip and the coupling structure. The width of the coupling structure is greater than the width of the microstrip. The
coupling structure includes the coupling slot, and the coupling slot is formed by slitting the metal layer. The field pattern of
radiation excited by the magnetic current source formed by the coupling structure matches the propagation mode of the
waveguide port, to implement efficient conversion and transmission of the electromagnetic energy between the microstrip
and the waveguide.

BRIEF DESCRIPTION OF DRAWINGS

[0047]

FIG. 1 is a diagram of an architecture of an autonomous driving sensor of a vehicle;

FIG. 2A to FIG. 2C are diagrams of a structure of a waveguide antenna;

FIG. 3A and FIG. 3B are diagrams of an embodiment of a radiation structure according to an embodiment of this
application;

FIG. 4 is a diagram of another embodiment of a radiation structure according to an embodiment of this application;
FIG. 5 is a diagram of another embodiment of a radiation structure according to an embodiment of this application;
FIG. 6 is a diagram of a delay structure according to an embodiment of this application;

FIG. 7 is a diagram of an embodiment of a circuit board according to an embodiment of this application;

FIG. 8 is a diagram of an embodiment of a waveguide antenna according to an embodiment of this application;
FIG. 9 is a diagram of a protrusion structure according to an embodiment of this application;

FIG. 10A to FIG. 10D are diagrams of another embodiment of a waveguide antenna according to an embodiment of
this application;

FIG. 11 is a diagram of electric field distribution of a waveguide antenna according to an embodiment of this
application;

FIG. 12 is a diagram of stopband range analysis for a protrusion structure according to an embodiment of this
application;

FIG. 13 is a diagram of z-direction tolerance analysis for an insertion loss according to an embodiment of this
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application;

FIG. 14 is adiagram of z-direction tolerance analysis for wave isolation according to an embodiment of this application;
FIG. 15 is a diagram of impedance bandwidth analysis according to an embodiment of this application;

FIG. 16 is a diagram of in-band insertion loss analysis according to an embodiment of this application;

FIG. 17 and FIG. 18 are diagrams of unit z-direction tolerance analysis according to an embodiment of this application;
FIG. 19is adiagram of a structure of a communication apparatus according to an embodiment of this application; and
FIG. 20 is a diagram of structures of a transportation means and a millimeter-wave radar according to an embodiment
of this application.

DESCRIPTION OF EMBODIMENTS

[0048] The following describes embodiments of this application with reference to the accompanying drawings. Itis clear
that the described embodiments are merely some rather than all of embodiments of this application. A person of ordinary
skill in the art may learn that, with development of technologies and emergence of a new scenario, the technical solutions
provided in embodiments of this application are also applicable to a similar technical problem.

[0049] Inthe specification, claims, and accompanying drawings of this application, the terms "first", "second", and so on
are intended to distinguish between similar objects but do not necessarily indicate a specific order or sequence. It should
be understood that the data termed in such a way are interchangeable in appropriate circumstances so that embodiments
described herein can be implemented in an order other than the order illustrated or described herein. In addition, the terms
"include" and "have" and any other variants are intended to cover the non-exclusive inclusion. For example, a process,
method, system, product, or device that includes a list of steps or units is not necessarily limited to those expressly listed
steps or units, but may include other steps or units not expressly listed or inherent to such a process, method, product, or
device.

[0050] The specific term "example" herein means "used as an example, embodiment or illustration”". Any embodiment
described as an "example" is not necessarily explained as being superior or better than other embodiments.

[0051] In addition, to better describe this application, numerous specific details are given in the following specific
implementations. A person skilled in the art should understand that this application can also be implemented without some
specific details. In some instances, methods, means, elements, and circuits that are well-known to a person skilled in the
art are not described in detail, so that the subject matter of this application is highlighted.

[0052] An embodiment of this application provides a radiation structure, to implement efficient conversion and
transmission of electromagnetic energy. Embodiments of this application further provide a corresponding circuit board,
waveguide antenna, communication apparatus, millimeter-wave radar, transportation means, and the like. Details are
separately described in the following.

[0053] The following uses an example to describe an application scenario related to embodiments of this application.
[0054] With rapid development of autonomous driving technologies, vehicle-mounted millimeter-wave radars are
increasingly widely used. In an in-vehicle millimeter-wave radar communication system, a multiple-in multiple-out
(multiple-in multiple-out, MIMO) system radar is usually used to detect object information in a form of a virtual array.
For autonomous driving, this is mainly reflected in a vehicle driving scenario, for example, autonomous vehicle following,
lane change assistance, and autonomous parking.

[0055] FIG. 1 shows a conventional distributed autonomous driving sensor solution, which uses one long-range radar
(LRR) installed at a front of a vehicle body, and six short-range radars (SRR). The LRR generally requires detection effect
of more than 200 meters. Atarget functionis to detect and provide awarning for a distant target directly in front of the vehicle
body, mainly corresponding to a vehicle-mounted scenario like active cruise and braking assistance. For an antenna, this
imposes a high requirement for a gain, while requirements for a beamwidth and angular resolution are lower. The SRR is
mainly installed at four corners of a vehicle. A target function is to accurately detect and identify information about an
obstacle around the vehicle. Main application scenarios are autonomous parking, lane change assistance, and blind spot
detection. For an antenna, this imposes high requirements for a beamwidth and angular resolution.

[0056] Based on the foregoing analysis, the LRR requires higher antenna efficiency to implement more distant
detection, and the SRR requires more channels to improve the angular resolution. However, in millimeter-wave radar
antennas, in terms of characteristics of low loss and wide frequency band, a waveguide antenna has significant
advantages over a printed antenna of a conventional printed circuit board (printed circuit board, PCB) in high efficiency
and wide frequency band. For example, a 77 GHz (millimeter-wave frequency band) vehicle-mounted radar antenna may
be used by the vehicle for object detection and communication in a self-driving scenario or an autonomous driving
scenario.

[0057] With evolution and improvement of a system function, a radar antenna develops toward low loss, large
bandwidth, and large panel. However, for introduction of a large panel requirement, system channels need to be added
as many as possible in limited system space, to expand a virtual aperture. In a waveguide antenna, a radio frequency chip
is generally a microstrip. To transfer energy into a waveguide feeder for feeding of the waveguide antenna, the waveguide
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antenna needs a transition structure that can convert an electromagnetic wave that is horizontally propagated on a
microstrip into a vertically connected rectangular waveguide. In addition, a radiation pattern and afeeder of a PCB antenna
are both located on an outer surface layer of a PCB, and there is a limitation on trace crossings in a multi-channel multi-
trace scenario. The waveguide antenna is a three-dimensional structure, and waveguide feeders and antennas may be
designed on different layers, implementing a higher-density trace. Therefore, more channels for feeder tracing can be
flexibly implemented by adding a trace layer in a vertical dimension.

[0058] In the foregoing scenario, the transition structure needs to have a low insertion loss, and has a very good
tolerance capability in horizontal and vertical directions. A tolerance capability of a device means robustness, and
specifically means that performance can still meet a requirement when an actual size, a material property, and the like of
the component deviate from a design requirement and are uncertain. A stronger tolerance capability indicates better
robustness. In addition, considering a large quantity of channels and integrated design, a transition device needs to be
designed in a small size. Therefore, to implement large-scale waveguide antenna and system integration design, a
transition structure having a small size, a low insertion loss, and strong tolerance becomes an important component for
ensuring high-performance and stable operation of a system.

[0059] As shown in FIG. 2A, a waveguide antenna includes a radio frequency chip 210, a horizontal microstrip 220, a
microstrip-waveguide transition structure 230, a vertical rectangular waveguide feeder 240, and an antenna 250. An
electromagnetic wave transmission path is: radio frequency chip 210 - horizontal microstrip 220 - microstrip-waveguide
transition structure 230 - vertical rectangular waveguide feeder 240 - antenna 250. As shown in FIG. 2B and FIG. 2C, inan
example of a specific structure of the waveguide antenna, the waveguide antenna includes the radio frequency chip 210,
the microstrip 220, the transition structure 230, the waveguide feeder 240, and the antenna 250.

[0060] The following describes, with reference to the foregoing application scenario, a radiation structure, a circuit
board, a waveguide antenna, a communication apparatus, a millimeter-wave radar, and a transportation means that are
provided in embodiments of this application.

[0061] As shown in FIG. 3A, an embodiment of a radiation structure provided in an embodiment of this application
includes a metal layer 310.

[0062] For example, the metal layer 310 may be a part or all of the microstrip 220 in the waveguide antenna and the
transition structure 230 shown in FIG. 2A to FIG. 2C. In other words, the metal layer 310 may be used as the transition
structure 230 and a part or all of the microstrip 220 to form a waveguide antenna. However, a specific structure of the
radiation structure is different from that in FIG. 2A to FIG. 2C.

[0063] Specifically, the metal layer 310 includes a microstrip 311 and a coupling structure 312. A width (a longitudinal
length shown in FIG. 3A) of the coupling structure 312 is greater than a width of the microstrip 311. It should be understood
thatthe dashed boxin FIG. 3A merely indicates an approximate range of the coupling structure 312, provided that the width
of the coupling structure 312 is greater than the width of the microstrip 311 and a resonant cavity can be formed. A specific
shape and structure of the coupling structure 312 are not limited in this embodiment of this application. When the radiation
structure is used in a waveguide antenna, the coupling structure 312 is coupled to a waveguide port on an upper layer, and
the coupling structure 312 is a region used for coupling to the waveguide port on the upper layer.

[0064] The coupling structure 312 includes a coupling slot 3121. The coupling slot 3121 is formed by slitting the metal
layer 310. Further refer to FIG. 2B. A dielectric layer is below the microstrip 220 and the transition structure 230 in FIG. 2B.
That is, after the metal layer 310 is slit, the dielectric layer below is exposed, to form the coupling structure 312.
[0065] It should be understood that, in the radiation structure provided in this embodiment of this application, the
coupling structure may be understood as a radiation patch (patch). The radiation patch is a thin metal layer pattern that
meets a shape requirement and that is engraved on a surface of a PCB circuit board, or a structure that has a radiation
function. The PCB circuit board may be sequentially divided into an upper metal layer, a dielectric layer, and a lower metal
layer from top to bottom. The lower metal layer is a metal ground layer of the microstrip and the radiation patch, and may
form a dielectric cavity to implement effective radiation of the radiation patch. The dielectric layer provides a required
support thickness and a corresponding dielectric constant for the microstrip 3231 and the radiation patch. The upper metal
layer includes the radiation structure and a radio frequency chip.

[0066] The radiation structure is specifically configured to implement a transition function of the waveguide antenna.
After the radiation structure is attached (coupled) to the waveguide port of the waveguide antenna, the microstrip 311 may
excite TE, o (an electromagnetic transmission mode with a lowest cut-off frequency in a waveguide) field mode distribution
in the resonant cavity (a cavity formed by the coupling structure 312), and the coupling slot 3121 on the metal layer 310 in
the resonant cavity may effectively cut off a transverse current of the metal layer 310 in the resonant cavity. According to the
Babinet’s principle, the coupling slot 3121 is equivalent to a magnetic current source, and is used to convert a guided
electromagnetic wave in the resonant cavity into a radiated electromagnetic wave. A field pattern radiated by the magnetic
current source formed by the coupling slot 3121 matches a TE, propagation mode of the waveguide port, to implement
efficient conversion and transmission of electromagnetic energy between the microstrip and the waveguide, that is,
implement efficient conversion from a microstrip transverse electromagnetic mode (transverse electromagnetic mode,
TEM)to awaveguide TE, transmission mode. In other words, the field pattern of radiation excited by the magnetic current
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source formed by the coupling structure 312 matches the propagation mode of the waveguide port, to implement efficient
conversion and transmission of the electromagnetic energy between the microstrip and the waveguide.

[0067] Optionally, as shown in FIG. 3B, a wide structure 3122 is disposed in the middle of the coupling slot 3121. The
wide structure 3122 may be located in a middle position (a horizontal direction shown in FIG. 3B) of the coupling slot 3121.
A width (a vertical length shown in FIG. 3B) of the wide structure 3122 is greater than the width of the coupling slot 3121.
Optionally, a maximum width of the wide structure 3122 is atleast 0.1 millimeter greater than the width of the coupling slot
3121. The wide structure 3122 may be a rectangular structure, or an irregular gradient structure, provided that a width of a
widest position of the wide structure 3122 is 0.1 millimeter greater than the width of the coupling slot 3121. This improves
implementability of the solution. A specific shape of the wide structure 3122 is not limited in this embodiment of this
application.

[0068] Asshown in FIG. 4, another embodiment of a radiation structure provided in an embodiment of this application
includes a metal layer 410.

[0069] For example, the radiation structure may correspond to a part or all of the microstrip in the waveguide antenna
and the transition structure shown in FIG. 2A to FIG. 2C, but a specific structure of the radiation structure differs.
[0070] Specifically, the metal layer 410 includes a microstrip 411, a coupling structure 412, and a transitional structure.
The transitional structure is configured to connect the microstrip 411 and the coupling structure 412.

[0071] The following separately describes the coupling structure 412 and the transitional structure in detail.

I. Coupling structure

[0072] Both the coupling structure 412 and the microstrip 411 are a part of the metal layer. A difference lies in that a width
(alongitudinal length shown in FIG. 4) of the coupling structure 412 is greater than a width of the microstrip 411. It should be
understood that the dashed box in FIG. 4 merely indicates an approximate range of the coupling structure 412, provided
that the width of the coupling structure 412 is greater than the width of the microstrip 411 and a resonant cavity can be
formed. A specific shape and structure of the coupling structure 412 are not limited in this embodiment of this application.
[0073] The coupling structure 412 furtherincludes a coupling slot4121. The coupling slot4121 is located in the middle of
the coupling structure 412, that is, in a longitudinal direction shown in FIG. 4, the coupling slot 4121 is located in a middle
position of a longitudinal direction of the coupling structure 412. More specifically, as shown in FIG. 5, the coupling slot
4121 is located at a current node of the coupling structure 412, that is, a current at the coupling slot 4121 is zero, and
currents on two sides of the coupling slot 4121 (in current directions shown by horizontal arrows in FIG. 5) are mirror-
symmetric. In this way, an electric field distributed in upper-layer space of the coupling structure 412 (in electric field
directions shown by longitudinal arrows in FIG. 5) is excited.

[0074] Further, the coupling slot 4121 is formed by slitting the metal layer 410. Specifically, the coupling slot 4121 is
formed by corroding, engraving, or etching the metal layer 410, thatis, a slotis formed by corroding, engraving, or etching a
longitudinal middle position of the metal layer 410 of the coupling structure 412, to expose a dielectric layer below the metal
layer 410 to form the coupling slot 4121.

[0075] Optionally, a wide structure 4122 is disposed in a middle position of the coupling slot 4121. The wide structure
4122 may be located in the middle position (for example, a horizontal direction shown in FIG. 4) of the coupling slot 4121.
On the coupling slot 4121 formed by corroding, engraving, or etching the metal layer 410, the middle position of the
coupling slot4121 is additionally corroded, engraved, or etched upward and downward in the longitudinal direction shown
in FIG. 4, exposing the dielectric layer to obtain the wide structure 4122. A width (a vertical length shown in FIG. 4) of the
wide structure 4122 is greater than the width of the coupling slot 4121. Optionally, a maximum width of the wide structure
4122is atleast 0.1 millimeter greater than the width of the coupling slot4121. The wide structure 4122 may be arectangular
structure, or an irregular gradient structure, provided that a width of a widest position of the wide structure 4122 is 0.1
millimeter greater than the width of the coupling slot 4121. This improves implementability of the solution. A specific shape
of the wide structure 4122 is not limited in this embodiment of this application.

Il. Transitional structure

[0076] The transitional structure includes an impedance matching structure 413 and a delay structure 414. The
impedance matching structure 413 and the delay structure 414 are also formed by corroding, engraving, or etching
the metal layer 410.

[0077] Specifically, a feeder width (a vertical length shown in FIG. 4) of the impedance matching structure 413 gradually
changes from a first width to a second width, where the first width is less than the second width, that is, the width of the
microstrip 411 gradually increases in the impedance matching structure 413. The impedance matching structure 413 is
configured to implement impedance transformation from the microstrip 411 to two differential signal lines.

[0078] The delay structure 414 is configured to divide the microstrip 411 into a first signal line 4141 and a second signal
line 4142, where the first signal line 4141 and the second signal line 4142 are differential signal lines. In the delay structure
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414, alength (the horizontal direction shown in FIG. 4) of the first signal line 4141 is greater than that of the second signal
line 4142. The delay structure 414 is configured to enable an electrical length difference between the first signal line 4141
and the second signal line 4142 to be half a wavelength (a phase difference is 180°), to implement differential mode
transmission on the two differential signal lines.

[0079] Optionally, the delay structure 414 may be in a "IT" shape shown in FIG. 4, or may be an arc-shaped structure
shown in FIG. 6 or in another fold line form, provided that the delay structure 414 can meet differential mode transmission
on the two differential signal lines. A specific shape of the delay structure 414 is not limited in this embodiment of this
application.

[0080] Optionally, the radiation structure is used in a waveguide antenna, a length of the impedance matching structure
413is0.2t00.25 times a wavelength of the waveguide antenna, the length of the first signal line 4141 is greater than 0.45 to
0.55 times the wavelength of the waveguide antenna of the second signal line 4142, and a length of the coupling slot 4121
is 0.45 to 0.55 times the wavelength of the waveguide antenna.

[0081] The radiation structure is specifically configured to implement a transition function of the waveguide antenna.
After the radiation structure is attached to a waveguide port, with reference to the foregoing description of the radiation
structure, the two differential signal lines may excite TE field mode distribution in the resonant cavity, and a coupling slot
on the metal layer in the resonant cavity may effectively cut off a transverse current of the metal layer in the resonant cavity.
According to the Babinet’s principle, the coupling slot is equivalent to a magnetic current source, and is used to convert a
guided electromagnetic wave in the resonant cavity into a radiated electromagnetic wave. A field pattern radiated by the
magnetic current source formed by the coupling slot matches a TE,, propagation mode of the waveguide port, to
implement efficient conversion and transmission of electromagnetic energy between the microstrip and the waveguide,
thatis, implement efficient conversion from a TEM to a waveguide TE transmission mode. In addition, the wide structure
in the middle of the coupling slot can adjust radiation impedance of the coupling slot, further improving conversion
efficiency.

[0082] RefertoFIG. 7 aswellas FIG. 4. An embodiment of a circuit board provided in an embodiment of this application
includes the radiation structure and a short-circuit structure 430.

[0083] For example, the circuit board may correspond to the microstrip and the transition structure in the waveguide
antenna shown in FIG. 2A to FIG. 2C, but specific structures of the radiation structure and the short-circuit structure 430
differ.

[0084] Specifically, the short-circuit structure 430 is a plurality of continuously arranged metal pillars, and is specifically a
plurality of plated hole short-circuit pillars disposed on the metal layer 410. The short-circuit structure 430 is configured to
surround the radiation structure, and is specifically configured to form a shielding structure, to allow the coupling structure
412 to form a closed resonant cavity, limiting an electric field excited by the coupling structure 412 to being mainly
distributed in the resonant cavity. This avoids leakage and improves transmission efficiency.

[0085] It should be understood that the short-circuit structure 430 may be in a cylindrical shape or square shape. A
specific shape of the short-circuit structure 430 is not limited in this embodiment of this application.

[0086] As shown in FIG. 8, an embodiment of a waveguide antenna provided in an embodiment of this application
includes a radiation structure 810 and a waveguide structure 820.

[0087] Forexample, the waveguide antenna may correspond to the waveguide antennas shown in FIG. 2A to FIG. 2C,
but the specific radiation structure 810 and the specific waveguide structure 820 are different.

[0088] Specifically, the waveguide structure 820 includes a waveguide port 821 and a protrusion structure 822. The
rectangular waveguide port 821 formed by the protrusion structure 822 on alower end face of the waveguide structure 820
is aligned and attached to a coupling sloton an upper surface layer of a PCB circuit board in the radiation structure 810. The
protrusion structure 822 is disposed around the waveguide port 821, the protrusion structure 822 is attached to the
radiation structure 810, the protrusion structure 822 is located around the coupling slot, and the waveguide port 821 is
configured to couple, to the waveguide structure 820, energy radiated by the radiation structure 810.

[0089] Refer to FIG. 9 as well as FIG. 8. The protrusion structure 822 may be specifically a pin structure, and the
protrusion structure 822 is disposed on the top and/or two sides of the waveguide port 821. For example, an annular
protrusion structure 8221 surrounds the top of the rectangular waveguide port 821. For example, at a center of a long side
of the rectangular waveguide port 821, two protrusion structures 8222 are respectively on the two sides of the waveguide
port 821, and protrusion parts of the protrusion structures 8222 exceed a middle protrusion of the rectangular waveguide
port 821. For another example, at a bottom end of the long side of the rectangular waveguide port 821, two protrusion
structures 8223 are respectively on the two sides of the waveguide port, and protrusion sizes of the protrusion structures
8223 do not exceed a bottom protrusion of the waveguide port 821. Optionally, a length of the protrusion structure 822
along a long side of the waveguide port 821 is 0.2 to 0.3 times a wavelength of the waveguide antenna.

[0090] Optionally, there are a plurality of protrusion structures 822, and there are also a plurality of radiation structures
810 and waveguide structures 820. A spacing between the plurality of protrusion structures 822 is 0.2 to 0.3 times the
wavelength of the waveguide antenna. The plurality of radiation structures 810 are arranged in parallel at a preset spacing
and the plurality of waveguide structures 820 are arranged in parallel at a preset spacing. Optionally, the preset spacing is 3
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millimeters.

[0091] Forexample, as showninFIG. 10Ato FIG. 10D, a waveguide antenna includes four radiation structures 810 and
four corresponding waveguide structures 820, to form a 4-channel waveguide antenna. The waveguide antenna further
includes awaveguide feeder 830 and an antenna 840. A plurality of waveguide ports 821 are placed in parallel at a spacing
of 3 mm, and may form multi-port transition. Adjacent transition ports maintain complete structures without sharing. The
waveguide structure 820 is fastened to the top of the radiation structure 810 through screw fastening, adhesive bonding,
soldering, or the like. A protrusion structure 822 at the bottom of a waveguide structure 820 is kept in contact with a PCB
circuit board of a radiation structure 810, and a tail end of the waveguide structure 820 is connected to the waveguide
feeder 830 and the antenna 840, to finally implement an entire waveguide antenna system.

[0092] Further, aradio frequency chip is configured to generate a radio frequency signal, and the radio frequency signal
is output to a microstrip in the radiation structure 810 by using a radio frequency port. The microstrip is configured to output
the radio frequency signal to aradiation patch in the radiation structure 810. The radiation patch is configured to: radiate the
transmitted radio frequency signal and couple the radio frequency signal to the waveguide structure 820. The waveguide
structure 820 includes the waveguide port having a protrusion structure. The waveguide port may be specifically an
electromagnetic band gap (electromagnetic band gap, EBG) structure. The EBG structure is a periodic structure that can
allow or block transmission of an electromagnetic wave of a specific frequency, and is configured to receive, through
coupling, an electromagnetic field radiated by the radiation patch and feed energy of the electromagnetic field into the
waveguide feeder 830. The waveguide feeder 930 is configured to transmit a signal obtained through coupling to the
antenna 840. The antenna 840 finally effectively radiates the transmitted signal.

[0093] Itcan belearned fromthe foregoing embodiment thatthe waveguide antenna provided in this embodiment of this
application further has effect of tolerance and stable operating bandwidth, which are separately described in the following.

|. Tolerance

[0094] In a diagram of electric field distribution shown in FIG. 11, length sizes and a spacing of protrusion structures
along the long side of the waveguide port are designed based on an approximately 0.25 wavelength of an intermediate
frequency of a 76 GHz to 81 GHz frequency band. This electrical size can ensure transmission suppression (namely, a
stopband) of an electromagnetic wave in the frequency band. In a diagram of stopband range analysis for a protrusion
structure shown as FIG. 12, a horizontal coordinate indicates a frequency range, and a vertical coordinate indicates a
propagation constant (Propagation Constant). A larger propagation constant indicates better transmission effect, and a
smaller propagation constant indicates better effect of blocking transmission of an electromagnetic wave. In FIG. 12, in a
frequency range of 70 GHz to 90 GHz covering a millimeter wave frequency band, propagation constants of a mode 1 are
all O for different gap (gap) values, indicating an excellent stopband characteristic of the protrusion structure. This ensures
high isolation between adjacent channels when there is an assembly gap. Therefore, the protrusion structure in the
waveguide antenna provided in this embodiment of this application can meet a stopband requirement of 76 GHzto 81 GHz,
and maintain a good shielding characteristic within a tolerance range (gap) of 0 millimeters to 0.2 millimeter.

[0095] In z-direction tolerance analysis for an insertion loss (the insertion loss means a loss amount after electro-
magnetic wave leakage caused by an assembly deviation of a transition structure in a transmission process of an
electromagnetic wave) shown in FIG. 13, a horizontal coordinate indicates a frequency, a vertical coordinate dB (S(WG,
MG)) indicates an insertion loss dB value in a single channel of the transition structure, where WG indicates a waveguide
port, MG indicates a microstrip port, and h_error indicates different assembly gaps. In z-direction tolerance analysis for
isolation (the isolation means a quantity of electromagnetic waves transmitted from a main transmission channel to
another channel after leakage occurs between adjacent channels when a plurality of arranged channels are arranged)
shown in FIG. 14, a horizontal coordinate indicates a frequency, a vertical coordinate dB (S(MS1, MS)) indicates an
isolation dB value between two adjacent channels (dB indicates decibel), MS1 and MS indicate microstrip ports of the two
adjacent channels, and h_error indicates different assembly gaps.

Table 1
Height difference (mm) Insertion loss (dB) Isolation (dB)
0 -0.7 -51.93
0.1 -0.76 -40.58
0.15 -0.85 -35.78
0.2 -0.94 -32.64

[0096] With reference to FIG. 13, FIG. 14, and Table 1, it can be learned that the waveguide antenna simulates 0.2 mm
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installation tolerance (an end face of the protrusion structure is not closely attached to the coupling slot during assembly, a
0.2 mm gap exists). When a change occurs, transition tolerance fluctuates by only 0.3 dB, and isolation is higher than -30
dB. Transition still maintains good operating characteristic under limit tolerance (the 0.2 mm gap is a maximum gap value
that may occur during assembly). As shown in FIG. 13, when the z-direction height tolerance is 0.2 mm, a worst insertion
loss is-0.94 dB; or when the height tolerance changes from 0 mm to 0.2 mm, aninsertion loss fluctuationrange is-0.7 dB to
-0.94 dB at 76 GHz to 81 GHz. Isolation of nearest adjacent ports is higher than -32.64 dB.

II. Stable operating bandwidth

[0097] The delay structure and the impedance matching structure in the radiation structure can implement good
impedance matching. In a diagram ofimpedance bandwidth analysis shown as FIG. 15, a horizontal coordinate indicates a
frequency, and a vertical coordinate indicates a return loss S11 of a waveguide port of the single channel of the transition
structure. In a diagram of in-band insertion loss analysis shown as FIG. 16, a horizontal coordinate indicates a frequency,
and a vertical coordinate indicates an insertion loss in the single channel of the transition structure.

[0098] AsshowninFIG. 15and FIG. 16, typical values are as follows: bandwidth: 74.3 GHz to 82.6 GHz at-15 dB; and
insertion loss: -0.70 at 76 GHz, -0.70 at 78.5 GHz, and -0.91 at 81 GHz.

[0099] In diagrams of unit z-direction tolerance (0 mm to 0.2 mm) analysis shown as FIG. 17 and FIG. 18, a horizontal
coordinate indicates a frequency, a vertical coordinate dB (S(MS, MS)) indicates a return loss dB value of a microstrip port
in the single channel of the transition structure, MS indicates the microstrip port, WG indicates the waveguide port, and
h_error indicates the different assembly gaps.

[0100] With reference to FIG. 17 and FIG. 18, it can be learned that FIG. 17 shows return losses of four ports that are
seamlessly installed in a z-direction when four radiation structures are arranged along a short side witha3 mm gap. FIG. 18
shows return losses of the four ports that are installed in the z-direction when 0.2 mm limit tolerance exists. Compared with
aresultin FIG. 17, a result in FIG. 18 deteriorates but still meets an indicator requirement, indicating that the radiation
structure has an excellent tolerance capability. Specifically, when Z-direction tolerance increases to 0.2 mm, a return loss
of the microstrip portis less than-19.5 dB at 76 GHz to 81 GHz, and a return loss of the waveguide portis less than-15dB at
76 GHz to 81 GHz. Impedance matching is mainly determined by a graphic size of the metal layer in the PCB circuit board,
and is specifically implemented by a microstrip width and length on an upper layer of the PCB circuit board, stable field
distribution is implemented at a junction between the PCB circuit board and the waveguide port, and energy transmission is
mainly performed through radiation. Therefore, impedance matching is less affected by installation accuracy.

[0101] Inembodiments of this application, the radiation structure includes the metal layer, and the metal layer includes
the microstrip and the coupling structure. The width of the coupling structure is greater than the width of the microstrip. The
coupling structure includes the coupling slot, and the coupling slot is formed by slitting the metal layer. The field pattern of
radiation excited by the magnetic current source formed by the coupling matches the propagation mode of the waveguide
port, to implement efficient conversion and transmission of the electromagnetic energy between the microstrip and the
waveguide. The circuit board and the waveguide antenna thatinclude the radiation structure also have the same beneficial
effect.

[0102] As shown in FIG. 19, an embodiment of a communication apparatus provided in an embodiment of this
application includes any one of the foregoing radiation structure, circuit board, or waveguide antenna.

[0103] FIG. 19 is a diagram of a possible logical structure of a communication apparatus 1900 according to an
embodiment of this application. The communication apparatus 1900 includes a processor 1901, a communication
interface 1902, a storage system 1903, and a bus 1904. The processor 1901, the communication interface 1902, and
the storage system 1903 are connected to each other through the bus 1904. In this embodiment of this application, the
processor 1901 is configured to control and manage an action of the communication apparatus 1900. The communication
interface 1902 is configured to support the communication apparatus 1900 in performing communication. The storage
system 1903 is configured to store program code and data of the communication apparatus 1900.

[0104] The processor 1901 may be a central processing unit, a general-purpose processor, a digital signal processor, an
application-specific integrated circuit, a field programmable gate array or another programmable logic device, a transistor
logic device, a hardware component, or any combination thereof. The processor may implement or execute various
example logical blocks, modules, and circuits described with reference to content disclosed in this application. The
processor 1901 may alternatively be a combination, for example, a combination including one or more microprocessors or
a combination of a digital signal processor and a microprocessor, for implementing a computing function. The bus 1904
may be a peripheral component interconnect standard (Peripheral Component Interconnect, PCI) bus, an extended
industry standard architecture (Extended Industry Standard Architecture, EISA) bus, or the like. Buses may be classified
into an address bus, a data bus, a control bus, and the like. For ease of representation, the bus is represented only by one
bold line in FIG. 19. However, this does not mean that there is only one bus or only one type of bus.

[0105] The communication apparatus 1900 furtherincludes any one of the foregoing radiation structure, circuit board, or
waveguide antenna.

10
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[0106] As shown in FIG. 20, in an embodiment of a transportation means 2000 provided in an embodiment of this
application, the transportation means 2000 includes a millimeter-wave radar 2001, and the millimeter-wave radar 2001
includes any one of the foregoing radiation structure, circuit board, or waveguide antenna.

[0107] The transportation means in this application may include road transportation, water transportation, air trans-
portation, an industrial device, an agricultural device, an entertainment device, or the like. For example, the transportation
means may be a vehicle. The vehicle is a vehicle in a broad sense, and may be transportation (like a commercial vehicle, a
passenger vehicle, amotorcycle, a flight vehicle, oratrain), an industrial vehicle (like a pallet truck, a trailer, or a tractor), an
engineering vehicle (like an excavator, a bulldozer, or a crane), an agricultural device (like alawn mower or a harvester), an
entertainment device, or atoy vehicle. A type of the vehicle is not specifically limited in embodiments of this application. For
another example, the transportation means may be transportation like an aircraft or a ship.

[0108] Inthe several embodiments provided in this application, it should be understood that the disclosed structure may
be implemented in another manner. For example, the described embodiments are merely examples. For example, the
structure division may be other division in actual implementation. For example, a plurality of units or components may be
combined or integrated into another structure, or some features may be ignored. Some or all of the structures may be
selected based on an actual need to achieve the objectives of the solutions of embodiments.

[0109] The foregoingembodiments are merely used to describe the technical solutions of this application, but not to limit
the technical solutions. Although this application is described in detail with reference to the foregoing embodiments, a
person of ordinary skill in the art should understand that modifications may still be made to the technical solutions
described in the foregoing embodiments or equivalent replacements may still be made to some technical features thereof,
without departing from the scope of the technical solutions of embodiments of this application.

Claims

1. Aradiation structure, comprising a metal layer, wherein
the metal layer comprises a microstrip and a coupling structure, and a width of the coupling structure is greater
than a width of the microstrip; and
the coupling structure comprises a coupling slot, and the coupling slot is formed by slitting the metal layer.

2. Theradiation structure according to claim 1, wherein the coupling slot is located in the middle of the coupling structure.

3. Theradiation structure according to claim 1 or 2, wherein the coupling slot is located at a current node of the coupling
structure.

4. The radiation structure according to any one of claims 1 to 3, wherein currents on two sides of the coupling slot are
mirror-symmetric.

5. Theradiation structure according to any one of claims 1 to 4, wherein a wide structure is disposed in the middle of the
coupling slot, and a width of the wide structure is greater than a width of the coupling slot.

6. The radiation structure according to claim 5, wherein a maximum width of the wide structure is at least 0.1 millimeter
greater than the width of the coupling slot.

7. The radiation structure according to any one of claims 1 to 6, wherein the metal layer further comprises a transitional
structure, the transitional structure is configured to connect the microstrip and the coupling structure, and the
transitional structure comprises an impedance matching structure and a delay structure;

a feeder width of the impedance matching structure gradually changes from a first width to a second width; and
the delay structure is configured to divide the microstrip into a first signal line and a second signal line, and in the
delay structure, a length of the first signal line is greater than that of the second signal line.

8. Theradiation structure according to claim 7, wherein the radiation structure is used in awaveguide antenna, a length of
the impedance matching structure is 0.2 to 0.25 times a wavelength of the waveguide antenna, the length of the first
signal line is greater than 0.45 to 0.55 times the wavelength of the waveguide antenna of the second signal line, and a
length of the coupling slot is 0.45 to 0.55 times the wavelength of the waveguide antenna.

9. The radiation structure according to any one of claims 1 to 8, wherein the coupling slot is formed by corroding,

11
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engraving, or etching the metal layer.
A circuit board, comprising the radiation structure according to any one of claims 1 to 9.

The circuit board according to claim 10, wherein the circuit board further comprises a short-circuit structure, and the
short-circuit structure surrounds the radiation structure.

The circuit board according to claim 11, wherein the short-circuit structure is a plurality of continuously arranged metal
pillars.

Awaveguide antenna, comprising a waveguide structure and the radiation structure according to any one of claims 1
to 9, wherein

the waveguide structure comprises a waveguide port and a protrusion structure;

the protrusion structure is disposed around the waveguide port, the protrusion structure is attached to the
radiation structure, and the protrusion structure is located around the coupling slot; and

the waveguide portis configured to couple, to the waveguide structure, energy radiated by the radiation structure.

The waveguide antenna according to claim 13, wherein the protrusion structure is disposed on the top and/or two
sides of the waveguide port.

The waveguide antenna according to claim 13 or 14, wherein a length of the protrusion structure along a long side of
the waveguide port is 0.2 to 0.3 times a wavelength of the waveguide antenna.

The waveguide antenna according to any one of claims 13 to 15, wherein there are a plurality of protrusion structures,
and a spacing between the plurality of protrusion structures is 0.2 to 0.3 times the wavelength of the waveguide
antenna.
The waveguide antenna according to any one of claims 13 to 16, wherein there are a plurality of radiation structures
and a plurality of waveguide structures, and the plurality of waveguide structures are arranged in parallel at a preset
spacing.

The waveguide antenna according to claim 17, wherein the preset spacing is 3 millimeters.

A communication apparatus, comprising the radiation structure according to any one of claims 1 to 9, the circuit board
according to any one of claims 10 to 12, or the waveguide antenna according to any one of claims 13 to 18.

A millimeter-wave radar, comprising the radiation structure according to any one of claims 1 to 9, the circuit board
according to any one of claims 10 to 12, or the waveguide antenna according to any one of claims 13 to 18.

A transportation means, comprising the millimeter-wave radar according to claim 20.

12
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