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Description

[0001] This application claims priority to Chinese Patent Application No. 202211147258.5, filed with the China National
Intellectual Property Administration on September 19, 2022 and entitled "ANTENNA ELEMENT, ANTENNA ARRAY, AND
COMMUNICATION DEVICE", which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] The presentinvention relates to the field of radio frequency communication technologies, and in particular, to an
antenna element, an antenna array, and a communication device.

BACKGROUND

[0003] Aswireless communication specifications develop and application scenarios become diverse, terminal products
have increasingly strong requirements for smart antenna beams in medium and high frequency bands. A router and
customer premises equipment (customer premises equipment, CPE) are used as an example. A pattern-reconfigurable
feature of a high Wi-Fi frequency band has become an important selling point in a next-generation smart home solution. A
low-profile antenna solution is usually designed based on a patch (patch) antenna, and implements high-gain omnidirec-
tional coverage in a horizontal plane by using a phase control method. In practice, itis difficult to make a bandwidth, a gain,
and coverage of an antenna meet design requirements in limited product space. For example, an increased gain of a dual-
polarized antenna element usually narrows a beam width of a scanning plane, and finally reduces a scanning coverage
angle range, and a reduced array spacing increases a scanning angle and significantly reduces an array factor gain.
[0004] A continuous research and development direction in the industry is how to design a dual-polarized antenna
element to ensure that a bandwidth, a gain, and coverage of an antenna meet design requirements while implementing a
low profile.

SUMMARY

[0005] Specificimplementations of this application provide an antenna element, an antennaarray, and a communication
device. The antenna element is dual-polarized, to implement a low profile and ensure that a bandwidth, a gain, and
coverage of an antenna meet design requirements.

[0006] Accordingto afirstaspect, an embodiment of this application provides an antenna element, including a radiation
patch and a feeding assembly, where the radiation patch includes a first additional sub-patch, a first sub-patch, a second
sub-patch, and a second additional sub-patch that are sequentially arranged in afirst direction, the radiation patch includes
afirst slit and a second slit that penetrate the radiation patch in a second direction, the first slit is formed between the first
sub-patch and the second sub-patch, the second slitincludes afirst sub-slitand a second sub-slit, the first sub-slitis formed
between the first sub-patch and the first additional sub-patch, the second sub-slitis formed between the second sub-patch
and the second additional sub-patch, a maximum size of the radiation patch in the first direction is a length of the radiation
patch, a maximum size of the radiation patch in the second direction is a width of the radiation patch, and a length-to-width
ratio R of the radiation patch satisfies R>2. The feeding assembly is configured to feed the radiation patch.

[0007] This application has an advantage of a low profile by using the radiation patch as a radiator of the antenna
element.

[0008] Inanimplementation, a radiation patch whose length is greater than a width can be used, to reduce a size of the
radiation patch in a width direction. In an implementation, a size of the radiation patch in the first direction may be limited to
be greater than a size of the radiation patch in the second direction, so that the antenna element can generate a fan-shaped
beam, to meet a coverage requirement. In an implementation, the length-to-width ratio of the radiation patch is limited, so
that the antenna element can be limited within a proper bandwidth range.

[0009] Inanimplementation, the firstslitand the second slit that penetrate the radiation patch in the second direction are
provided, so that in a process in which the feeding assembly excites the radiation patch, the antenna element can be
excited to generate at least two operating modes. This application helps implement the low profile of the antenna and
ensure a bandwidth and a gain of the antenna.

[0010] Ina possible implementation, the first slit and the second slit each include a first end and a second end, both an
extension direction of the first slit and an extension direction of the second slit are a direction in which the first end points to
the second end, and both the extension direction of the first slitand the extension direction of the second slit are the second
direction. In this solution, specific definitions of the extension direction of the first slit and the extension direction of the
second slit are limited, and a specific implementation in which the extension direction is the width direction (the second
direction) of the radiation patch is specified. In view of this, specific shapes of the first slit and the second slit may not be
limited to rectangles.
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[0011] Inapossibleimplementation, both a length of the first slit and a length of the second slit are a size of an extension
path extending from the first end to the second end, both a width of the first slit and a width of the second slit are a sizeina
direction perpendicular to the extension path, and both the width of the first slit and the width of the second slit are within a
range of 0.03 mmto 3 mm. In this solution, the width of the first slitand the width of the second slit are limited within the range
of 0.03 mm to 3 mm, so that the antenna element can be limited within the proper bandwidth range. High coverage rate
effect isimplemented while a high-gain fan-shaped beam is formed. This solution helps ensure that the antenna element
can generate two different operating modes in both vertical polarization and horizontal polarization.

[0012] Inapossibleimplementation, both the width of the first slit and the width of the second slit are within arange of 0.5
mm to 1.5 mm. In this solution, both the width of the first slit and the width of the second slit are limited, so that the antenna
element can be limited within the proper bandwidth range.

[0013] Ina possibleimplementation, the width of the second slitis less than or equal to 2 mm. In this solution, the width of
the second slit is limited, so that the antenna element can be limited within the proper bandwidth range.

[0014] In a specific implementation, the width of the first slit is 1.2 mm, and the width of the second slit is 0.8 mm.
[0015] Inapossibleimplementation, thelength-to-widthratio R of the radiation patch satisfies 3<R<5. In this solution, the
length-to-width ratio of the radiation patch is limited, so that the antenna element can be limited within a proper bandwidth
range.

[0016] Inapossibleimplementation, the radiation patch does not have a slitthat penetrates the radiation patch in the first
direction, or the radiation patch has only one slit that penetrates the radiation patch in the first direction.

[0017] Inanimplementation, the first slitand the second slit that penetrate the radiation patch in the second direction are
provided, and the radiation patch does not have a slitthat penetrates the radiation patch in the first direction, or has only one
slit that penetrates the radiation patch in the first direction, so that in a process in which a first feed structure and a second
feed structure excite the radiation patch, the antenna element can be excited to generate two different polarizations, and
each polarization has two operating modes. This application helps implement the low profile of the antenna and ensure the
bandwidth and the gain of the antenna.

[0018] Inapossibleimplementation, thefirstslitisina middle position of the radiation patch in the first direction. Because
the second slit penetrates the radiation patch in the second direction and the second slitis symmetrically distributed on two
sides of the first slit in the first direction, in this solution, the middle position is limited only to the middle position of the
radiation patch in the first direction, and whether the middle position is a middle position in the second direction is not
limited. In this solution, the first slit is limited to be symmetrically distributed on the two sides of the first slit, so that the
radiation patch forms a symmetrical distribution architecture centered on the first slit. This helps control a beam pattern of
the antenna element.

[0019] Ina possible implementation, a plurality of sub-patches are symmetrically distributed on the two sides of the first
slit in the first direction. In this solution, the plurality of sub-patches of the radiation patch are limited to forming the
symmetrical distribution architecture centered on the first slit. This helps control the beam pattern of the antenna element.
[0020] In a possible implementation, the feeding assembly includes a ground plane and a feeding layer, the ground
plane is disposed between the feeding layer and the radiation patch in a stacked manner, the feeding layer includes a first
feed structure and a second feed structure, the ground plane is provided with a first coupling slit and a second coupling slit
that are provided in a cross manner, the first feed structure and the first coupling slit are provided directly opposite to each
other, and the second feed structure and the second coupling slit are provided directly opposite to each other.

[0021] Ina possible implementation, the first coupling slit at least partially overlaps the first sub-patch, the first coupling
slitat least partially overlaps the second sub-patch, and the second coupling slitis provided directly opposite to the first slit.
The first feed structure is coupled to the first coupling slit to excite first polarization of the radiation patch.

[0022] In a possible implementation, the second coupling slit does not overlap the first sub-patch, and the second
coupling slit does not overlap the second sub-patch. The second feed structure is coupled to the second coupling slit to
excite second polarization of the radiation patch.

[0023] Inanembodiment, the first feed structure is coupled to the first coupling slit to excite horizontal polarization of the
radiation patch, and the second feed structure is coupled to the second coupling slit to excite vertical polarization of the
radiation patch. In this solution, a specific architecture of the feeding assembly is limited. The ground plane is disposed
between the feeding layer and the radiation patch in a stacked manner, so that features of a small size and a low profile of
the antenna element can be easily implemented. A manner in which the first feed structure and the second feed structure
separately perform coupled feeding on the two coupling slits on the ground plane implements a simple feeding solution
design, and also helps improve transmission efficiency of a radio frequency signal and reduce a loss.

[0024] Inapossible implementation, the first coupling slit does not overlap the first additional sub-patch and the second
additional sub-patch, and the second coupling slit does not overlap the first additional sub-patch and the second additional
sub-patch.

[0025] Inanembodiment, the radiation patch is excited (for example, in a horizontal polarization state) through the first
coupling slitto generate a main operating mode and a parasitic operating mode. In the main operating mode, the first sub-
patch is excited to generate a current in the second direction. In the parasitic operating mode, the additional sub-patch is



10

15

20

25

30

35

40

45

50

55

EP 4 521 555 A1

excited to generate a current in the second direction.

[0026] Inan embodiment, the radiation patch generates a first operating mode and a second operating mode through
excitation (for example, in a vertical polarization state) of the second coupling slit. In the first operating mode and the
second operating mode, all current directions on the radiation patch are the first direction. In the first operating mode, an
electric field generates weak point reverse between the first slit and the ground plane of the feeding assembly. In the
second mode, the electric field generates strong point reverse between the second slitand the ground plane of the feeding
assembly.

[0027] Ina possible implementation, the first sub-patch and the additional sub-patch are collectively referred to as sub-
patches, at least one sub-patch is provided with a slot, the slot extends from an edge of the sub-patch to inside of the sub-
patch, and an extension direction of the slot includes a third direction.

[0028] The third direction is the same as the first direction, or there are an included angle between the third direction and
the second direction and an included angle between the third direction and the first direction. In this solution, a slot is
provided on a sub-patch, so that a frequency response in horizontal polarization can be independently adjusted and
controlled.

[0029] In a possible implementation, the slot includes a first slot and a second slot, the first slot is provided at a first
position of the first sub-patch, the second slotis provided at a second position of the second sub-patch, and the first position
and the second position are symmetrical with respect to the first slit. In this solution, the first slot and the second slot are
designed, so that a resonance frequency in the main operating mode can be designed in a first target frequency band.
[0030] In a possible implementation, the slot includes a third slot and a fourth slot, the third slot is provided at a third
position of the first additional sub-patch, the fourth slot is provided at a fourth position of the second additional sub-patch,
and the third position and the fourth position are symmetrical with respect to the first slit. In this solution, the third slot and
the fourth slot are designed, so that a resonance frequency in the parasitic operating mode can be designed in a second
target frequency band.

[0031] In a possible implementation, the additional sub-patch includes a patch body and a protruding structure
connected to the patch body. In the first direction, the protruding structure is positioned on a side that is of the patch
body and that is away from the first sub-patch, and an extension direction of the protruding structure includes the third
direction.

[0032] The third direction is the same as the first direction, or there are an included angle between the third direction and
the second direction and an included angle between the third direction and the first direction. In this solution, the protruding
structure is disposed at an edge of the sub-patch, so that a path of a currentin horizontal polarization can be changed, and a
frequency in horizontal polarization can be changed.

[0033] Inapossibleimplementation, the first coupling slitand the second coupling slit form a cross-shaped slit structure.
In this solution, the horizontal polarization and the vertical polarization are easily implemented by limiting two coupling slits
onthe ground plane to the cross-shaped structure. This helps reduce design difficulty and manufacturing process difficulty,
easily ensure manufacturing precision of the antenna element, and improve a yield rate.

[0034] In a possible implementation, the feeding assembly includes a first interface and a second interface that are
configured to connect to a radio frequency cable, one end of the first feed structure is connected to the first interface,
another end of the first feed structure is coupled to the first coupling slit, one end of the second feed structure is connected
to the second interface, another end of the second feed structure is coupled to the second coupling slit, and in the first
direction, the first interface and the second interface are respectively disposed on two sides of a projection of the radiation
patch on the feeding layer. In this solution, the first interface and the second interface are limited to be distributed on two
sides of the radiation patch in the first direction. In this way, when antenna elements are arranged in an antenna array, the
firstinterface and the second interface do not occupy space between the antenna elements, so that the antenna elements
may be arranged more compactly, and a position of the first interface and a position of the second interface are more
convenient for connection, that is, the radio frequency cable is connected.

[0035] Accordingtoasecond aspect, an embodiment of this application provides an antenna array, including atleast two
antenna elements according to any one of the possible implementations of the first aspect, where the at least two antenna
elements are sequentially arranged in a second direction. In the antenna array provided in this application, antenna
elements are arranged in the second direction so that a small-size design of the antenna array can be easily implemented,
and a slit is provided between the antenna elements so that good isolation can be implemented.

[0036] According to a third aspect, an embodiment of this application provides a communication device, including a
feeding network and the antenna array according to the second aspect, where the first feed structure and the second feed
structure of the antenna element are electrically connected to the feeding network.

[0037] According to a fourth aspect, an embodiment of this application provides a communication device, including a
feeding network and the antenna element according to any one of the possible implementations of the first aspect, where
the first feed structure and the second feed structure are electrically connected to the feeding network.
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BRIEF DESCRIPTION OF DRAWINGS

[0038] To describe the technical solutions in embodiments or the background of the present invention more clearly, the
following briefly describes the accompanying drawings used in embodiments or the background of the present invention.
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FIG. 1is abasic architecture of a connection relationship between an antenna module in a communication device and
a baseband according to an implementation of this application;

FIG. 2 is a diagram in which an antenna module may cover different terminal devices according to an implementation
of this application;

FIG. 3A is a diagram of a solution of arranging an antenna module in a communication device according to an
implementation of this application;

FIG. 3B is a diagram of a solution of arranging an antenna module in a communication device according to an
implementation of this application;

FIG. 4 is a diagram of one direction of an antenna element according to an implementation of this application;
FIG. 5 is a diagram of another direction of an antenna element according to an implementation of this application;
FIG. 6is a plane diagram of a radiation patch of the antenna element according to the implementation shown in FIG. 4;
FIG.7is aplane diagram of a radiation patch of an antenna element according to an implementation of this application;
FIG. 8Ais a diagram of a current direction of an antenna element in a main operating mode in a horizontal polarization
state according to an implementation of this application;

FIG. 8B is a diagram of a current direction of an antenna element in a parasitic operating mode in a horizontal
polarization state according to an implementation of this application;

FIG. 9A is a curve graph in which a width of a first slit affects a resonance of an antenna element in a first operating
mode in a vertical polarization state according to an implementation of this application;

FIG. 9B is a curve graph in which a width of a second slit affects a resonance of an antenna element in a second
operating mode in a vertical polarization state according to an implementation of this application;

FIG. 10A is a diagram of a current direction of an antenna element in a first operating mode in vertical polarization
according to an implementation of this application;

FIG. 10B is a distribution diagram of electric fields of an antenna element in a first operating mode in vertical
polarization according to an implementation of this application;

FIG. 11Ais adiagram of a current direction of an antenna element in a second operating mode in vertical polarization
according to an implementation of this application;

FIG. 11B is a distribution diagram of electric fields of an antenna element in a second operating mode in vertical
polarization according to an implementation of this application;

FIG. 12 is a three-dimensional exploded view of an antenna element according to an implementation of this
application;

FIG. 13 is an exploded view of a layer structure of an antenna element according to an implementation of this
application;

FIG. 14 is a diagram of position relationships between a first coupling transmission line and a second coupling
transmission line of an antenna element, and two coupling slits on a ground plane according to an implementation of
this application;

FIG. 15 is a diagram of one direction of an antenna element according to an implementation of this application;
FIG. 16 is a plane diagram of a radiation patch of the antenna element according to the implementation shown in FIG.
15;

FIG. 17 is a diagram of a current direction at a slot position of a sub-patch of a radiation patch of an antenna element
according to an implementation of this application;

FIG. 18 is a diagram of a current direction at a slot position of a sub-patch of a radiation patch of an antenna element
according to an implementation of this application;

FIG. 19 is a plane diagram of a radiation patch of an antenna element according to an implementation of this
application;

FIG. 19A is a plane diagram of a radiation patch of an antenna element according to an implementation of this
application;

FIG. 20 is a curve graph of S-parameters of an antenna element according to an implementation of this application;
FIG. 21(a) and FIG. 21(b) are radiation patterns of a vertical polarization port of an antenna element during excitation
at 5 GHz and 5.6 GHz according to an implementation of this application;

FIG. 22(a) and FIG. 22(b) are radiation patterns of a horizontal polarization port of an antenna element during
excitation at 5.25 GHz and 5.8 GHz according to an implementation of this application;

FIG. 23 is an efficiency curve graph of an antenna element according to an implementation of this application;
FIG. 24 is a gain curve graph of an antenna element according to an implementation of this application;
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FIG. 25(a) to FIG. 25(d) are distribution diagrams of currents and electric fields of an antenna element in vertical
polarization at 5 GHz and 5.6 GHz according to an implementation of this application;

FIG. 26(a) to FIG. 26(d) are distribution diagrams of currents and electric fields of an antenna element in horizontal
polarization at 5.25 GHz and 5.8 GHz according to an implementation of this application;

FIG.27,FIG. 28, FIG. 29, and FIG. 30 are respective diagrams of S-parameters of a horizontal polarization port and a
vertical polarization port during excitation when slots extending in a third direction have different sizes;

FIG. 31 is a diagram of one direction of an antenna array according to an implementation of this application;

FIG. 32 is a diagram of another direction of an antenna array according to an implementation of this application;
FIG. 33 is a diagram of a situation in which an array factor in an antenna array including four antenna elements
changes with a spacing d between the antenna elements;

FIG. 34 is an architecture of an antenna array of a patch 1*4 array;

FIG. 35 is a diagram of a situation in which an array gain of a patch 1*4 array changes with a spacing between
elements;

FIG. 36 is a diagram of a situation in which an array gain of a low-profile high-performance dual-polarized 1*4 antenna
array changes with a spacing between elements according to this application;

FIG. 37A to FIG. 37C are diagrams of beam consistency of a patch 1*4 array at different spacings;

FIG.38Ato FIG. 38C are diagrams of beam consistency of a low-profile high-performance dual-polarized 1*4 antenna
array at different spacings according to this application;

FIG. 39(a) to FIG. 39(c) are diagrams of S-parameters of a low-profile high-performance dual-polarized array antenna
according to a specific implementation of this application; and

FIG.40(a)and FIG. 40(b) are diagrams of scanning capabilities of a low-profile high-performance dual-polarized array
antenna in horizontal polarization and vertical polarization at 5.2 GHz, 5.5 GHz, and 5.8 GHz according to a specific
implementation of this application.

DESCRIPTION OF EMBODIMENTS
Explanation of some terms

[0039] Parallelism: The parallelism defined in this application is not limited to absolute parallelism; as defined, the
parallelism may be understood as basic parallelism; non-absolute parallelism caused by factors such as an assembly
tolerance, a design tolerance, and a structure flatness is allowed; and an error within a small angle range is allowed, for
example, a relationship within an assembly error range of 10 degrees may be understood as a parallel relationship.
[0040] Verticality: The verticality defined in this application is not limited to an absolute vertical intersection (an included
angle is 90 degrees) relationship; a non-absolute vertical intersection relationship caused by factors such as an assembly
tolerance, a design tolerance, and a structure flatness is allowed; and an error within a small angle range is allowed, for
example, a relationship within an assembly error range of 80 degrees to 100 degrees may be understood as a vertical
relationship.

[0041] Coupling: The coupling may be understood as direct coupling and/or indirect coupling, and "coupling connection”
may be understood as a direct coupling connection and/or an indirect coupling connection. The direct coupling may also be
referred to as "electrical connection”, which may be understood as physical touch and electrical conductivity of
components, or may be understood as a form in which different components in a line structure are connected through
a physical line that can transmit an electrical signal, like printed circuit board (printed circuit board, PCB) copper foil or a
conducting wire. "Indirect coupling" may be understood as electrical conductivity of two conductors in a spaced/non-touch
manner. In an embodiment, the indirect coupling may also be referred to as capacitive coupling. For example, signal
transmission is implemented by forming an equivalent capacitor through coupling of a gap between two conductive
components.

[0042] Connection: That two or more components are conducted or connected in the "electrical connection” or "indirect
coupling" manner to perform signal/energy transmission may be referred to as the connection. Antenna pattern: The
antenna patternis also referred to as aradiation pattern. The antenna patternis a patternin which a relative field strength (a
normalized modulus value) of an antenna radiation field changes with a direction at a specific distance from an antenna.
The antenna pattern is usually represented by two plane patterns that are perpendicular to each other in a maximum
radiation direction of the antenna.

[0043] The antenna pattern usually includes a plurality of radiation beams. A radiation beam with a maximum radiation
strength is referred to as a main lobe, and other radiation beams are referred to as minor lobes or side lobes. In the minor
lobes, a minor lobe in an opposite direction of the main lobe is also referred to as a back lobe.

[0044] Antennareturnloss: The antenna return loss may be understood as a ratio of power of a signal reflected back to
an antenna port through an antenna circuit to transmit power of the antenna port. A smaller reflected signal indicates a
larger signal radiated through an antennainto space and higher radiation efficiency of the antenna. Alarger reflected signal
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indicates a smaller signal radiated through the antenna into space and lower radiation efficiency of the antenna.
[0045] The antenna returnloss may be represented by an S11 parameter, and the S11 parameter is usually a negative
number. A smaller S11 parameter indicates a smaller antenna return loss and higher radiation efficiency of the antenna. A
larger S11 parameter indicates a larger antenna return loss and lower radiation efficiency of the antenna.

[0046] Isolation: The isolation is a ratio of power of a signal transmitted through an antenna to power of a signal received
through another antenna, and may be represented by an S21 parameter and an S12 parameter.

[0047] Antenna system efficiency: The antenna system efficiency is a ratio of power radiated through an antenna into
space (namely, power that is effectively converted into an electromagnetic wave) to input power of the antenna.
[0048] Radiation efficiency: The radiation efficiency is a ratio of power radiated through an antenna into space (namely,
power that is effectively converted into an electromagnetic wave) to active power input to the antenna. Herein, the active
power input to the antenna is a value obtained by subtracting an antenna loss from the input power of the antenna. The
antenna loss mainly includes an ohmic loss and/or a dielectric loss of metal.

Ground plane (reference ground):

[0049] The ground plane may generally mean atleasta partof any grounding plane, grounding plate, ground metal layer,
or the like of an electronic device (for example, a mobile phone), or at least a part of any combination of the foregoing
grounding plane, grounding plate, grounding component, or the like. "Ground/ground plane" may be used for grounding of
a component of the electronic device. In an embodiment, "ground/ground plane" may include any one or more of the
following: a grounding plane of a circuit board of the electronic device, a grounding plate formed by a middle frame of the
electronic device, a ground metal layer formed by a thin metal film below a screen, a conductive grounding plane of a
battery, and a conductive member or metal member electrically connected to the grounding plane/grounding plate/metal
layer. In an embodiment, the circuit board may be a printed circuit board (printed circuit board, PCB), for example, an 8-
layerboard, a 10-layerboard, a 12-layerboard, a 13-layer board, or a 14-layer board respectively having 8,10,12,13,0r 14
layers of conductive materials, or an elementthatis separated and electrically insulated by a dielectric layer or aninsulation
layer, for example, glass fiber or polymer. In an embodiment, the circuit board includes a dielectric substrate, a grounding
plane, and a cable layer, where the cable layer and the grounding plane are electrically connected through a via. In an
embodiment, components such as a display 120, a touchscreen, an input button, a transmitter, a processor, a memory, a
battery 140, a charging circuit, and a system on chip (system on chip, SoC) structure may be mounted on or connected to
the circuit board, or electrically connected to the cable layer and/or the grounding plane in the circuit board. For example, a
radio frequency source is disposed at the cable layer.

[0050] Anyoneofthe grounding plane, the grounding plate, orthe ground metal layer is made of a conductive material. In
an embodiment, the conductive material may be any one of the following materials: copper, aluminum, stainless steel,
brass, an alloy thereof, copper foil on an insulation substrate, aluminum foil on an insulation substrate, gold foil on an
insulation substrate, silver-plated copper, silver-plated copper foil on an insulation substrate, silver foil and tin-plated
copper on an insulation substrate, cloth impregnated with graphite powder, a graphite-coated substrate, a copper-plated
substrate, a brass-plated substrate, and an aluminum-plated substrate. A person skilled in the art may understand that the
grounding plane/grounding plate/ground metal layer may alternatively be made of another conductive material.

[0051] Scanningdirection of an electromagnetic wave beam: Awave beam (wave beam)is a shape, formed on a surface
of the earth, of an electromagnetic wave emitted through a satellite antenna (for example, a light beam emitted by a
flashlightto adark place). An antenna beam is usually a main lobe or a main beamin an antenna pattern, is an areain which
antenna energy is most concentrated, and is also most commonly used. Generally, there is only one main beam. Beam
scanning means covering a spatial area with a group of transmit and receive beams at a prespecified time interval and
direction. The scanning direction of the electromagnetic wave beam is a beam scanning direction in which the antenna
receives and transmits electromagnetic waves.

[0052] Horizontal polarization and vertical polarization: The horizontal polarization means that when a satellite transmits
a signal to the ground, a vibration direction of radio waves is a horizontal direction; the vertical polarization means that
when a satellite transmits a signal to the ground, a vibration direction of radio waves is a vertical direction; and
instantaneous orientation of an electric field vector corresponding to a case in which electromagnetic waves are
propagated in space is referred to as polarization.

[0053] Operating frequency band: The operating frequency band means that no matter what type of antennais used, the
antenna always operates within a specific frequency range (frequency bandwidth). For example, an operating frequency
band of an antenna supporting a B40 frequency band includes a frequency ranging from 2300 MHz to 2400 MHz. In other
words, the operating frequency band of the antenna includes a B40 frequency band. A frequency range that meets an
indicator requirement may be considered as the operating frequency band of the antenna.

[0054] Bandwidth (bandwidth): A width of an operating frequency band is referred to as an operating bandwidth. An
operating bandwidth of an omnidirectional antenna may reach 3% to 5% of a center frequency. An operating bandwidth of a
directional antenna may reach 5% to 10% of the center frequency. The bandwidth may be considered as a range of
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frequencies on both sides of the center frequency (for example, a resonance frequency of a dipole), where an antenna
characteristic is within an acceptable range of values for the center frequency. In an embodiment, an antenna frequency
bandwidth is an antenna frequency range corresponding to a case in which a directional gain of the antenna decreases by
3 dB.

[0055] Resonance: The resonance is also referred to as "resonance". The resonance is a phenomenon that an
amplitude of an oscillating system increases sharply when a frequency of periodic external force is the same as or close
to an inherent oscillation frequency of the system under the external force. A frequency at which the resonance is
generated is referred to as "resonance frequency", a range of the resonance frequency is a resonant frequency band, and
areturn loss characteristic of any frequency in the resonant frequency band may be less than -6 dB or -5 dB. The resonant
frequency band may be the same as or different from an operating frequency band, or frequency ranges of the resonant
frequency band and the operating frequency band may partially overlap. In an embodiment, a resonant frequency band of
an antenna may cover a plurality of operating frequency bands of the antenna.

[0056] Operating resonance: The operating resonance is resonance generated by an antenna element in an operating
frequency band.

[0057] Gain: The gain is used to represent a degree to which an antenna intensively radiates input power. Usually, a
narrower main lobe of an antenna pattern indicates a smaller minor lobe, and a higher antenna gain.

[0058] Antennaarray: Several radiating elements are arranged in a specific manner to form an antenna array that is also
referred to as an antenna array. The radiating element is referred to as an antenna element or an array element.
[0059] Radiation field of an antenna array: The radiation field is obtained in a manner in which vector fields generated by
an antenna element are superimposed, and distribution of current amplitudes and phases on the vector field meets a
proper relationship.

[0060] Array factor: The array factor represents directivity of an antenna array including isotropic elements, and a value
of the array factor depends on an arrangement mode of the antenna array and a relative amplitude and phase of an
excitation current on an antenna element in the antenna array. The value is irrelevant to a type and size of the antenna
element.

[0061] Terms "First" and "second" are merely intended for a purpose of description, and shall not be understood as an
indication orimplication of relative importance or implicit indication of a quantity of indicated technical features. Therefore,
a feature limited by "first", "second", or the like may explicitly or implicitly include one or more features.

[0062] The following describes solutions of this application by using an example with reference to embodiments.
[0063] An antenna element and an antenna array provided in this application are used in a WLAN system, and are
specifically used in a communication device or a terminal device. The communication device may be but is not limited to a
router, CPE (Customer Premises Equipment, customer premises equipment), or the like.

[0064] FIG. 1isabasicarchitecture of a connection relationship between an antenna module ina communication device
and a baseband according to an implementation. FIG. 2 is a diagram in which the antenna module may cover different
terminal devices according to an implementation. In FIG. 1 and FIG. 2, an element 1, an element 2, an element 3, and an
element 4 all represent antenna elements, and ®1, ®2, ®3, and ®4 all represent phase-shift elements.

[0065] RefertoFIG. 1.Inanimplementation, the communication device includes the antenna module, and the antenna
module is electrically connected to a baseband circuit (in FIG. 1, the baseband represents the baseband circuit or a
baseband chip) through a radio frequency channel. The baseband circuit transmits a radio frequency signal to the antenna
module through the radio frequency channel. In a specific implementation, there are two radio frequency channels
between the baseband circuit and the antenna module, where one radio frequency channel is configured to excite
horizontal polarization of the antenna module, and the other radio frequency channel is configured to excite vertical
polarization of the antenna module. The antenna module includes an antenna array. The antenna array may be formed by
arranging one or more antenna elements, and connection relationships between the antenna elements and the radio
frequency channels are the same. One of the antenna elements is used as an example. One end of the antenna elementis
connected to one radio frequency channel through a phase-shift element, and the other end of the antenna element is
connected to the other radio frequency channel through a phase-shift element. In another implementation, the antenna
elements may not be connected to phase-shift elements, or some antenna elements are connected to phase-shift
elements, and some antenna elements are not connected to phase-shift elements. The phase-shift element is configured
to perform phase adjustment on a specific antenna element, to change a scanning direction of an electromagnetic wave
beam of the antenna element, so that the antenna element can communicate with terminal devices at different positions.
[0066] Specifically, refer to FIG. 2. The four antenna elements each are connected to a phase-shift element, so that a
direction of an electromagnetic wave beam of the antenna module may be varied. An electromagnetic wave signal of the
antenna module may cover terminal devices such as a smartphone, intelligent security, a smart television, and a smart
home that are distributed at different positions in a specific scenario. In FIG. 2, the element 1, the element 2, the element 3,
and the element 4 represent four antenna elements, phase-shift elements @1 are positioned on two sides of the element 1,
phase-shift elements ®2 are positioned on two sides of the element 2, and phase-shift elements ®3 are positioned on two
sides of the element 3, and phase-shift elements ®4 are positioned on two sides of the element 4.
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[0067] Foracommunication device, different communication devices may have different forms, for example, a vertical
column shape, a flat disk shape, or a square box shape. To ensure that an antenna module meets a radiation angle of a
specific application scenario, positions of the antenna modules are differentin communication products of different forms.
Refer to FIG. 3A. In an implementation, the entire communication device is a three-dimensional columnar architecture. A
top surface of the communication device is in arunway shape. The communication device includes a top area and a bottom
area. Antenna modules are disposed in the top area. There are two antenna modules. An antenna module | is disposed
closely to the front surface of the top area, and the antenna module Il is disposed closely to the back surface of the top area.
The front surface and the back surface may be referred to by using an appearance surface of a housing of the
communication device. For example, the front surface is a side surface of the communication device with the housing
facing a main signal environmentwhen the communication device is in a use state, and the back surface is a side surface of
the communication device with the housing being opposite to the main signal environment when the communication
device isin the use state. In animplementation, a size of the communication device is small, and only one antenna module |
may be disposed inside the communication device. Refer to FIG. 3B. In animplementation, the communication device isin
a square box shape. Four surfaces of the communication device can radiate an electromagnetic wave signal. Four
antenna modules may be disposed in the communication device. An antenna module | is close to a front surface, an
antenna module Il is close to a left side surface, an antenna module |l is close to a back surface, and an antenna module |V
is close to aright side surface. In the implementation, the front surface, the back surface, the left side surface, and the right
side surface may also be referred to by using an appearance surface of a housing of the communication device. It should
be understood that, that the antenna module is positioned on the front surface, the back surface, or the side surface is not
limited to being positioned on an appearance surface or being disposed closely to the surface.

[0068] FIG.4 is adiagram of one direction of an antenna element 10 according to an implementation of this application.
FIG. 5is adiagram of another direction of the antenna element 10 according to the implementation of this application. Refer
to FIG. 4 and FIG. 5. In an implementation, the antenna element 10 provided in this application includes a radiation patch
12 and a feeding assembly 14, and the feeding assembly 14 is electrically connected to a radio frequency circuit in a
communication device. The feeding assembly 14 is configured to feed the radiation patch 12. In an embodiment, the
feeding assembly 14 is configured to allow the radiation patch 12 to generate dual-polarized signals, for example, a
horizontally polarized signal and a vertically polarized signal (hereinafter referred to as generating horizontal polariza-
tion/vertical polarization). In an embodiment, two operating modes are generated during horizontal polarization feeding of
the radiation patch 12, and the two operating modes are also generated during vertical polarization feeding of the radiation
patch 12.

[0069] Inanimplementation, the radiation patch 12 is a microstrip patch structure disposed on a dielectric board 11, and
the radiation patch 12 formed by using the microstrip patch structure gives the antenna element 10 advantages of a low
profile and miniaturization. In an implementation, the feeding assembly 14 may include a microstrip structure disposed on
the dielectric board 11.

[0070] RefertoFIG.4andFIG.6.FIG.6isa plane diagram of the radiation patch 12 of the antenna element according to
the implementation shown in FIG. 4. The radiation patch 12 includes a first additional sub-patch 1212A, a first sub-patch
1211A, a second sub-patch 1211B, and a second additional sub-patch 1212B that are sequentially arranged in a first
direction A1. The radiation patch 12 includes afirst slit 1221 and a second slit 1222 that penetrate the radiation patch 12ina
second direction A2. The first slit is formed between the first sub-patch 1211A and the second sub-patch 1211B. The
second slit 1222 includes a first sub-slit 1222A and a second sub-slit 1222B. The first sub-slit 1222A is formed between the
first sub-patch 1211A and the first additional sub-patch 1212A. The second sub-slit 1222B is formed between the second
sub-patch 1211B and the second additional sub-patch 1212B. The radiation patch 12 does not have a slit that penetrates
the radiation patch 12 in the first direction A1. An extension direction of the first slit 1221, an extension direction of the first
sub-slit 1222A, and an extension direction of the second sub-slit 1222B are all the second direction A2. A size of the
radiation patch 12 in the first direction A1 is greater than a size of the radiation patch 12 in the second direction A2. In an
implementation, the first direction A1 is perpendicular to the second direction A2. In another implementation, an included
angle may alternatively be formed between the first direction A1 and the second direction A2. In this application, the
radiation patch 12 of the antenna element 10 is designed as follows: A length size in the first direction A1 is greaterthan a
width size in the second direction A2, so that the antenna element 10 forms an elongated asymmetric structure, where the
asymmetric structure means that a structure size in the first direction A1 is different from a structure size in the second
direction A2, and the entire radiation patch 12 is not a square patch structure. The antenna element 10 provided in this
application can generate a fan-shaped beam, implement wide coverage on a horizontal plane while maintaining a high
gain, and is designed for a dual-polarized antenna.

[0071] Inanimplementation, the radiation patch 12 is a metal sheet-like structure formed on the dielectricboard 11. Inan
implementation, in a manufacturing process, a rectangular metal patch may be first manufactured on the dielectric board
11, where a length direction of the metal patch is a first direction A1, and a width direction of the metal patch is a second
direction A2; and a slit (namely, the first slit 1221, the first sub-slit 1222A, and the second sub-slit 1222B) is then
manufactured on the metal patch, where extension directions are all the second direction A2, and it may be understood that
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an extension direction of the first slit 1221, an extension direction of the first sub-slit 1222A, and an extension direction of
the second sub-slit 1222B are all parallel to the width direction of the metal patch, so that the metal patch is divided into a
plurality of sub-patches (namely, the first additional sub-patch 1212A, the first sub-patch 1211A, the second sub-patch
1211B, and the second additional sub-patch 1212B) by providing the first slit 1221, the first sub-slit 1222A, and the second
sub-slit 1222B.

[0072] Anoverall outer profile of the radiation patch 12 is a rectangle. A size of the radiation patch 12 in the first direction
A1 is a length of the radiation patch 12, and a size of the radiation patch 12 in the second direction A2 is a width of the
radiation patch 12. In an implementation, a length-to-width ratio R of the radiation patch 12 satisfies R>2. Forexample, ina
specificimplementation, the length-to-width ratio R of the radiation patch 12 satisfies 3<R<5. The entire radiation patch 12
is aslenderrectangle. In view of this, the first slit 1221, the first sub-slit 1222A, and the second sub-slit 1222B are provided,
sothatthe radiation patch 12 has good radiation performance in a case in which dual polarization and two operating modes
of each polarization are met. The first additional sub-patch 1212A, the first sub-patch 1211A, the second sub-patch 1211B,
and the second additional sub-patch 1212B are collectively referred to as sub-patches. A size of each sub-patch in the
second direction A2 is a width of the sub-patch, and a size of each sub-patch in the first direction A1 is a length of the sub-
patch. In an implementation, widths of all sub-patches may be equal, and lengths of all sub-patches may also be equal. In
anotherimplementation, lengths of some sub-patches in a plurality of sub-patches may alternative be different, and widths
of the some patches in the plurality of sub-patches may alternative be different. A single sub-patch may be arectangle ora
square, or the sub-patch may be in another shape, forexample, an ellipse, a trapezoid, or a polygon. This is not specifically
limited in this application. In an implementation, the radiation patch 12 of the antenna element 10 has four sub-patches. In
another implementation, there may alternatively be six, eight, or more sub-patches. The following describes a specific
structure of the antenna element 10 in detail by using a specific implementation in which the radiation patch 12 has four
sub-patches. Various limitations in this specific implementation are also applicable to other different implementations (for
example, an implementation in which there may alternatively be six sub-patches).

[0073] RefertoFIG.6.Inanimplementation, the radiation patch 12includes atleast three slits (namely, the first slit 1221,
the first sub-slit 1222A, and the second sub-slit 1222B) that penetrate the radiation patch in the second direction A2, where
aslitprovided in a middle position of the radiation patch 12 in the firstdirection A1 is the first slit 1221, and the remaining slits
are the second slit 1222. In an implementation, there are an odd quantity of slits in total. In an implementation, there is one
firstslit 1221, and there are an even quantity of second slits 1222. In this implementation, the radiation patch 12 is provided
with three slits, including one first slit 1221 and two second slits 1222 (including the first sub-slit 1222A and the second sub-
slit 1222B).

[0074] Thatthe extension direction of the slit on the radiation patch 12 is the second direction A2 may be understood as
that each slit (including the first slit 1221 and the second slit 1222) includes afirstend E1 and a second end E2, the firstend
E1 is positioned on one long edge of the radiation patch 12, the second end E2 is positioned on the other long edge of the
radiation patch 12, and both the extension direction of the first slit 1221 and an extension direction of the second slit 1222
may be a direction in which the firstend E1 points to the second end E2. In animplementation, both the extension direction
ofthefirstslit 1221 and a width direction of the radiation patch 12 are the second direction A2, and the extension direction of
the second slit 1222 is parallel to the extension direction of the first slit 1221. Both the first slit 1221 and the second slit 1222
may be provided as a rectangle (or referred to as a long strip).

[0075] The radiation patch does not have a slit that penetrates the radiation patch in the first direction, or the radiation
patch has only one slit that penetrates the radiation patch in the first direction. In this application, the radiation patch is
limited to including at least three slits that penetrate the radiation patch in the second direction, and at most one slit that
penetrates the radiation patch in the first direction (which may be understood as that the radiation patch does not have a slit
that penetrates the radiation patch in the first direction, or the radiation patch has only one slit that penetrates the radiation
patch in the first direction), so that the antenna element 10 can be adjusted to two different operating modes (a main
operating mode and a parasitic operating mode) in first polarization (for example, horizontal polarization) and two different
operating modes in second polarization (for example, vertical polarization), and further the antenna element 10 can
implement a dual-polarized multi-mode (at least four operating modes) state.

[0076] In the implementation shown in FIG. 6, when the first slit 1221, the first sub-slit 1222A, and the second sub-slit
1222B are rectangles, the extension directions of the first slit 1221, the first sub-slit 1222A, and the second sub-slit 1222B
are the same as extension paths, namely, the second direction A2, of the first slit 1221, the first sub-slit 1222A, and the
second sub-slit 1222B.

[0077] RefertoFIG.7.Inanimplementation, the first slit 1221 is used as an example. When the first slit 1221 is a curved
shape, for example, serpentine, an extension path of the first slit 1221 is different from the extension direction of the first slit
1221, where the extension path is a curved extension track; but the extension direction is still a direction in which the first
end E1 points to the second end E2, and the extension direction is still the second direction A2. In the implementation
shown in FIG. 7, the first slit 1221 is a curved shape, and the first sub-slit 1222A and the second sub-slit 1222B are
rectangles. In another implementation, the first slit 1221 is a rectangle, and the first sub-slit 1222A and the second sub-slit
1222B are a curved shape; or the first slit 1221, the first sub-slit 1222A, and the second sub-slit 1222B may all be a curved

10



10

15

20

25

30

35

40

45

50

55

EP 4 521 555 A1

shape.

[0078] Extension paths of the first slit 1221, the first sub-slit 1222A, and the second sub-slit 1222B are not limited in this
application. When the extension directions of the first slit 1221, the first sub-slit 1222A, and the second sub-slit 1222B are
limited to the second direction A2, the extension paths of the first slit 1221, the first sub-slit 1222A, and the second sub-slit
1222B may be a straight line shape, a curved shape (for example, a serpentine shape or an arc shape), a sawtooth shape,
orthe like. Lengths of the first slit 1221, the first sub-slit 1222A, and the second sub-slit 1222B are sizes of extension paths
that of the first slit 1221, the first sub-slit 1222A, and the second sub-slit 1222B and that extend from the firstend E1 to the
second end E2. When the extension paths of the first slit 1221, the first sub-slit 1222A, and the second sub-slit 1222B are a
straight line shape, lengths of the first slit 1221, the first sub-slit 1222A, and the second sub-slit 1222B are the shortest, and
the lengths of the first slit 1221, the first sub-slit 1222A, and the second sub-slit 1222B may be the width of the radiation
patch 12. When the extension paths of the first slit 1221, the first sub-slit 1222A, and the second sub-slit 1222B are a curved
shape or a sawtooth shape, lengths of the first slit 1221, the first sub-slit 1222A, and the second sub-slit 1222B are long.
Widths of the first slit 1221, the first sub-slit 1222A, and the second sub-slit 1222B are a size perpendicular to a direction of
the extension paths that are of the first slit 1221, the first sub-slit 1222A, and the second sub-slit 1222B, and the widths of
the first slit 1221, the first sub-slit 1222A, and the second sub-slit 1222B may be within a range of 0.03 mm to 3 mm. In a
specificimplementation, a width of the slit is within a range of 0.5 mmto 1.5 mm. In this application, an operating frequency
band and a bandwidth of the antenna element 10 may be adjusted by adjusting specific forms and widths of the first slit
1221, the first sub-slit 1222A, and the second sub-slit 1222B. For example, in an implementation, when the first slit 1221,
the first sub-slit 1222A, and the second sub-slit 1222B are rectangles, the operating frequency band of the antenna
element 10 is 5.15 GHz to 5.85 GHz.

[0079] Inanimplementation, both a width of the first slit 1221 and a width of the second slit 1222 may be within a range of
0.03 mmto 3 mm. Inanimplementation, the width of the second slit 1222 is less than or equal to 2 mm. The width of the first
slit 1221 and the width of the second slit 1222 may be the same or different. For example, the width of the first slit 1221 may
be greater than the width of the second slit 1222. For example, the width of the first slit 1221 is 1.2 mm, and the width of the
second slit 1222 is 0.8 mm. In an implementation, widths of all second slits 1222 are the same. In an implementation, the
second slits 1222 are symmetrically distributed on two sides of the first slit 1221 in the first direction A1, and minimum
spacings between the first slit 1221 and the second slits 1222 positioned on the two sides of the first slit 1221 are the same.
[0080] RefertoFIG.6.Inanimplementation, the radiation patch 12 has a centerline C1 extending in the second direction
A2, and the radiation patch 12 is symmetrically distributed on two sides of the center line C1. In animplementation, that the
first slit 1221 is in a middle position of the radiation patch 12 in a length direction may be understood as that the center line
C1iswithin arange covered by thefirstslit 1221, or the center line C1 passes through atleast a part of an area of the first slit
1221. Inanimplementation, the center line C1 of the radiation patch 12 coincides with a center position of the first slit 1221
in a width direction.

[0081] In an implementation, the second slit 1222 (namely, the first sub-slit 1222A and the second sub-slit 1222B) is
symmetrically distributed on the two sides of the center line C1 in the first direction A1. Herein, symmetry may not be
understood as strict symmetry in a mathematical sense. In this solution, the symmetry means that edge openings (the first
end E1 and the second end E2) of the second slit 1222 are symmetrically provided on the two sides of the centerline C1, a
middle part of the second slit is not limited, and forms of the second slits are not limited to be completely consistent. In an
implementation, there are an even quantity of second slits 1222. When there are two second slits 1222, distances between
the two second slits 1222 and the first slit 1221 are equal, and the two second slits 1222 are the same in size and form.
When there are four or more second slits 1222, two second slits 1222 having equal distances from the first slit 1221 are the
same in size and form, and second slits 1222 having different distances from the first slit 1221 may be different in size and
form. In this application, frequency ranges of the antenna element 10 in different operating modes in the horizontal
polarization and the vertical polarization are adjusted by adjusting a specific position of the second slit 1222 and adjusting a
width value of the second slit 1222, so that an operating frequency band and a bandwidth of the antenna element 10 can be
adjusted.

[0082] In an implementation, the first additional sub-patch 1212A, the first sub-patch 1211A, the second sub-patch
1211B, and the second additional sub-patch 1212B are symmetrically distributed on the two sides of the first slit 1221 in the
first direction A1.

[0083] A main operating mode and a parasitic operating mode are generated during horizontal polarization feeding of
the radiation patch 12 provided in this application. Refer to FIG. 8A. In the main operating mode, the first sub-patch 1211A
and the second sub-patch 1211B are excited to generate currents in the second direction A2, and the first sub-patch 1211A
and the second sub-patch 1211B are configured to radiate electromagnetic wave signals in the main operating mode. In
thisimplementation, a limitation on directions of the currents on the first sub-patch 1211A and the second sub-patch 1211B
may be understood as follows: In the main operating mode, main currents of the first sub-patch 1211A and the second sub-
patch 1211B are in the second direction A2, or the currents on the first sub-patch 1211A and the second sub-patch 1211B
roughly flow in the second direction A2 from one end to the other end of the first sub-patch 1211A and from one end to the
other end of the second sub-patch 1211B respectively. Directions of arrow indication lines on the first sub-patch 1211A and
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the second sub-patch 1211B in FIG. 8A represent directions of main currents or approximate directions of currents.
[0084] Referto FIG. 8B. Inthe parasitic operating mode, the first additional sub-patch 1212A and the second additional
sub-patch 1212B are excited to generate currents in the second direction A2, and the first additional sub-patch 1212A and
the second additional sub-patch 1212B are configured to radiate electromagnetic wave signals in the parasitic operating
mode. In this implementation, a limitation on directions of the currents on the first additional sub-patch 1212A and the
second additional sub-patch 1212B may be understood as follows: In the parasitic operating mode, main currents of the
first additional sub-patch 1212A and the second additional sub-patch 1212B are in the second direction A2, or the currents
on the first additional sub-patch 1212A and the second additional sub-patch 1212B roughly flow in the second direction A2
from one end to the other end of the first additional sub-patch 1212A and from one end to the other end of the second
additional sub-patch 1212B respectively. Directions of arrow indication lines on the first additional sub-patch 1212A and
the second additional sub-patch 1212B in FIG. 8B represent directions of main currents or approximate directions of
currents.

[0085] During horizontal polarization feeding of the radiation patch 12 provided in this application, currents on the first
sub-patch 1211A and the second sub-patch 1211B in the main operating mode and currents on the first additional sub-
patch 1212A and the second additional sub-patch 1212B in the parasitic operating mode may be in a same direction (as
shown in FIG. 8A and FIG. 8B, in the second direction, the currents are in a leftward direction or a rightward direction) or
may be in opposite directions (for example, in the second direction, the currents on the first sub-patch 1211A and the
second sub-patch 1211B in the main operating mode are in a leftward direction, and the currents on the first additional sub-
patch 1212A and the second additional sub-patch 1212B in the parasitic operating mode are in a rightward direction).
[0086] In this application, an operating frequency band of the antenna element 10 in the main operating mode may be
adjusted by adjusting widths of the first sub-patch 1211A and the second sub-patch 1211B (namely, sizes of the first sub-
patch 1211A and the second sub-patch 1211B in the second direction A2), and an operating frequency band of the antenna
element 10 in the parasitic operating mode may be adjusted by adjusting widths of the first additional sub-patch 1212A and
the second additional sub-patch 1212B (namely, sizes of the first additional sub-patch 1212A and the second additional
sub-patch 1212B in the second direction A2). In this application, an operating frequency band of the antenna element 10in
the main operating mode may also be adjusted by adjusting edge shapes of the first sub-patch 1211A and the second sub-
patch 1211B, and an operating frequency band of the antenna element 10 in the parasitic operating mode may also be
adjusted by adjusting edge shapes of the first additional sub-patch 1212A and the second additional sub-patch 1212B.
This part of content is described in detail below.

[0087] A first operating mode and a second operating mode are generated during vertical polarization feeding of the
radiation patch 12 provided in this application. In this application, operating frequencies of the antenna element in the first
operating mode and the second operating mode may be adjusted by adjusting a width of the first slit (namely, a size of the
first slit in the first direction A1) and a width of the second slit (namely, a size of the second slit in the first direction A1)
respectively. Referto FIG. 9A and FIG. 9B. It can be seen that, when a width of a slitincreases, a resonance moves toward
ahigh frequency, where the width of the first slit (marked as ws1 in FIG. 9A) mainly affects aresonance in the first operating
mode, and the second slit (marked as ws2 in FIG. 9B) mainly affects a resonance in the second operating mode.
[0088] FIG. 10A shows a currentdirection of the radiation patch in the first operating mode, where a straight line with an
arrow that continuously extends from the bottom end of the radiation patch to a position adjacent to the top end represents
the currentdirection. Referto FIG. 10A. Inthe first operating mode, a current on the radiation patch 12 flows from one end to
the other end of the radiation patch 12 in the first direction A1. FIG. 10A schematically illustrates a current direction in a
state, where the current flows from the bottom end to the top end of the radiation patch 12, and positions at the bottom end
and the top end may be positions of current zero points. Whether specific distribution of currents on the first sub-patch
1211A and the second sub-patch 1211B is completely consistent or specific distribution of currents on the first additional
sub-patch 1212A and the second additional sub-patch 1212B is completely consistent is not limited in this application, and
current intensity is not limited either. FIG. 10B shows a current direction and distribution of electric fields of the radiation
patchin the first operating mode. A straight line with an arrow that extends in a Y direction represents the current direction.
An indication line with an arrow that extends in a Z direction represents an electric field direction and electric field strength.
Dashed-line rectangular boxes represent the first sub-patch 1211A, the second sub-patch 1211B, the first additional sub-
patch 1212A, and the second additional sub-patch 1212B respectively. Gaps between adjacent dashed-line boxes
represent the first slit 1221 and the second slit 1222 respectively. Refer to FIG. 10B. In the first operating mode, an electric
field generated by the antenna element 10 generates weak point reverse between the first slit 1221 and a ground plane of
the feeding assembly 14.

[0089] FIG. 11A shows a currentdirection of the radiation patch in the second operating mode, where a straight line with
an arrow that continuously extends from the bottom end of the radiation patch to a position adjacent to the top end
represents the current direction. Referto FIG. 11A. In the second operating mode, a current on the radiation patch 12 flows
from one end to the other end of the radiation patch 12 in the first direction A1. FIG. 11A schematically illustrates a current
direction in a state, where the current flows from the bottom end to the top end of the radiation patch 12, and positions atthe
bottom end and the top end may be positions of current zero points. Whether specific distribution of currents on the first
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sub-patch 1211A, the second sub-patch 1211B, the first additional sub-patch 1212A, and the second additional sub-patch
1212B is completely consistentis not limited in this application, and current intensity is not limited either. FIG. 11B shows a
currentdirection and distribution of electric fields of the radiation patch in the second operating mode. A straight line with an
arrow that extends in a Y direction represents the current direction. An indication line with an arrow that extends ina Z
direction represents an electric field direction and electric field strength. Dashed-line rectangular boxes represent the first
sub-patch 1211A, the second sub-patch 1211B, the first additional sub-patch 1212A, and the second additional sub-patch
1212B respectively. Gaps between adjacent dashed-line boxes represent the first slit 1221 and the second slit 1222
respectively. Refer to FIG. 11B. In the second operating mode, an electric field generated by the antenna element 10
generates strong point reverse between the second slit 1222 and a ground plane.

[0090] In animplementation of this application, the radiation patch 12 is fed by coupling a microstrip feed structure to a
slit on the ground plane. FIG. 12 is a three-dimensional exploded view of the antenna element 10 according to this
implementation of this application. Specifically, the feeding assembly 14 includes a ground plane 15 and afeeding layer 16,
the ground plane 15 is disposed between the feeding layer 16 and the radiation patch 12 in a stacked manner, and the
ground plane 15 is provided with a first coupling slit 151 and a second coupling slit 152 that are provided in a cross manner.
In an implementation, the ground plane 15 forms a metal grounding plane architecture on the dielectric board 11, and the
first coupling slit 151 and the second coupling slit 152 are slit structures formed by removing metal materials from the
ground plane 15. The first coupling slit 151 and the second coupling slit 152 may be filled with insulation media, and the
media in the first coupling slit 151 and the second coupling slit 152 may also be air. In a specific implementation, an
extension direction of the first coupling slit 151 is the first direction A1, an extension direction of the second coupling slit 152
is the second direction A2, and the first coupling slit 151 and the second coupling slit 152 form a cross-shaped slit structure.
Inanimplementation, that the first coupling slit 151 and the second coupling slit 152 are perpendicular to each other may be
understood as that the first coupling slit 151 and the second coupling slit 152 are generally perpendicular to each other. The
first coupling slit 151 and the second coupling slit 152 are not limited to straight-line slits in this application, provided that
extension trends of the first coupling slit 151 and the second coupling slit 152 are perpendicular to each other. Specific
shapes of the first coupling slit 151 and the second coupling slit 152 may be straight line shapes, wavy line shapes,
sawtooth shapes, or the like. The first coupling slit 151 and the second coupling slit 152 may include slit parts in a bent form.
[0091] Inanimplementation, a part of the first coupling slit 151 overlaps the first sub-patch 1211A, and a part of the first
coupling slit 151 overlaps the second sub-patch 1211B. In an implementation, the second coupling slit 152 does not
overlap the first sub-patch 1211A, and the second coupling slit 152 does not overlap the second sub-patch 1211B either.
Alternatively, the second coupling slit 152 does not overlap one of the first sub-patch 1211A and the second sub-patch
1211B, and a part of the second coupling slit 152 overlaps an edge of the other one of the first sub-patch 1211A and the
second sub-patch 1211B. Alternatively, the second coupling slit 152 overlaps both an edge of the first sub-patch 1211Aand
an edge of the second sub-patch 1211B. In an implementation, the first coupling slit 151 does not overlap neither the first
additional sub-patch 1212A nor the second additional sub-patch 1212B. Similarly, the second coupling slit 152 does not
overlap neither the first additional sub-patch 1212A nor the second additional sub-patch 1212B.

[0092] The second coupling slit 152 is provided directly opposite to the first slit 1221 on the radiation patch 12. In this
embodiment of this application, "directly opposite" should be understood as that a vertical projection 152A of the second
coupling slit 152 on the radiation patch 12 and the first slit 1221 are at least partially overlapped. "Directly opposite"
described elsewhere in this document should be understood in the same or similar way. In an implementation, a width of
the second coupling slit 152 is less than or equal to that of the first slit 1221, and a length of the second coupling slit 152 is
greater than that of the first slit 1221. The vertical projection 152A of the second coupling slit 152 on the radiation patch 12
exceeds two ends of the first slit 1221 in the second direction A2. In other words, the width of the radiation patch 12 is less
than the length of the second coupling slit 152. In animplementation, a center position of the second coupling slit 152 in the
second direction A2 coincides with a center position of the first slit 1221 of the radiation patch 12 in the second direction A2.
[0093] Inanotherimplementation, a width of the second coupling slit 152 may alternatively be greater than that of the first
slit 1221, and a length of the second coupling slit 152 may alternatively be less than that of the first slit 1221.

[0094] Inanotherimplementation, the second coupling slit 152 may alternatively be provided directly opposite to a sub-
patch (for example, the first sub-patch 1211A or the second sub-patch 1211B) of the radiation patch 12. The second
coupling slit 152 and the first slit 1221 may be provided in a staggered manner (that is, the second coupling slit 152 and the
first slit 1221 are not provided directly opposite to each other and are not partially overlapped).

[0095] Inanimplementation, a center position of the first coupling slit 151 in the first direction A1 is directly opposite to a
center position of the first slit 1221 of the radiation patch 12 in the second direction A2. In an implementation, a vertical
projection 1511A of the first coupling slit 151 on the radiation patch 12 at a center position 1511 in the first direction A1 is
within a range of the first slit 1221. In another implementation, a center position 1511 of the first coupling slit 151 in the first
direction may alternatively be directly opposite to a sub-patch (for example, the first sub-patch 1211A or the second sub-
patch 1211B) of the radiation patch 12. To be specific, a vertical projection 1511A of the first coupling slit 151 on the
radiation patch 12 at the center position 1511 in the first direction A1 is within a range of the first sub-patch 1211A or the
second sub-patch 1211B.
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[0096] Inanimplementation, a vertical projection, on the radiation patch 12, of an area in which the first coupling slit 151
intersects with the second coupling slit 152 is within a range of the first slit 1221. Alternatively, a part of a vertical projection,
on the radiation patch 12, of an area in which the first coupling slit 151 intersects with the second coupling slit 152 is within a
range of the first slit 1221. Alternatively, a vertical projection, on the radiation patch 12, of an area in which the first coupling
slit 151 intersects with the second coupling slit 152 is positioned on a periphery of the first slit 1221. To be specific, the
vertical projection, on the radiation patch 12, of an area in which the first coupling slit 151 intersects with the second
coupling slit 152 is within a range of the first sub-patch 1211A or the second sub-patch 1211B.

[0097] The antenna element 10 provided in an implementation of this application includes two feed units: a first feed
structure and a second feed structure. The radiation patch 12 is fed by using the two feed units, to excite two operating
modes in the horizontal polarization and two operating modes in the vertical polarization. Refer to FIG. 12. A first feed
structure 17 and a second feed structure 18 are disposed on the feeding layer 16. The first feed structure 17 is disposed
directly opposite to the first coupling slit 151. The second feed structure 18 is disposed directly opposite to the second
coupling slit 152. It should be understood that, in embodiments of this application, "directly opposite" should be understood
as that a vertical projection of a coupling slit on the feeding layer and a feed structure are at least partially overlapped, or a
vertical projection of a feed structure on the ground plane and a coupling slit are at least partially overlapped. "Directly
opposite" described elsewhere in this document should be understood in the same or similar way. The first feed structure
17 is coupled to the first coupling slit 151 to excite the horizontal polarization of the radiation patch 12, and the second feed
structure 18 is coupled to the second coupling slit 152 to excite the vertical polarization of the radiation patch 12.
[0098] Inanimplementation, the feeding layer 16 may be a two-layer metal cabling structure disposed on the dielectric
board 11. A part of a transmission line for coupling the first feed structure 17 to the first coupling slit 151 and a part of a
transmission line for coupling the second feed structure 18 to the second coupling slit 152 are distributed on differentlayers
of the feeding layer 16; to be specific, the two parts of transmission lines are separated through some areas (which may
also be a part of the dielectric board or air) of the dielectric board 11, to implement a stacking relationship in space and
facilitate a small-size design of an overall feeding architecture.

[0099] FIG. 13 is an exploded view of a layer structure of the antenna element 10. The antenna element 10 is
successively layered into the radiation patch 12, one layer of the dielectric board 11, the ground plane 15, another layer
ofthe dielectricboard 11, a second layer 162 of the feeding layer 16, another layer of the dielectric board 11, and afirst layer
161 of the feeding layer 16 from top to bottom. In this implementation, the feeding layer 16 includes the first layer 161 and
the second layer 162. The second layer 162 is disposed between the ground plane 15 and the first layer 161 in a stacked
manner. The ground plane 15 and the second layer 162, and the second layer 162 and the first layer 161 are respectively
separated through different layers of the dielectric board 11. The first layer 161 may be one layer of an outer surface of the
antenna element 10.

[0100] Inanimplementation, with reference to FIG. 12 and FIG. 13, some transmission lines of the first feed structure 17
are distributed at the first layer 161, remaining transmission lines of the first feed structure 17 are distributed at the second
layer 162, and all transmission lines of the second feed structure 18 are distributed at the first layer 161. The second feed
structure 18 and a part of the first feed structure 17 are disposed at the first layer 161, and only a part of the first feed
structure 17 is disposed at the second layer 162. Specifically, the first feed structure 17 includes a first part 171 and a
second part 172, the first part 171 is positioned at the first layer 161, the second part 172 is positioned at the second layer
162, and one end of the first part 171 is positioned at an edge of the dielectric board 11 or near an edge of the dielectric
board 11. Thefirst part 171 is configured to connect to aradio frequency channel through afirstinterface 191. The otherend
ofthefirst part 171 passes through a via of the dielectric board 11 and is electrically connected to one end of the second part
172, and the other end of the second part 172 is coupled to the first coupling slit 151. One end of the second feed structure
18 is positioned at an edge of the dielectric board 11 or near an edge of the dielectric board 11, and the one end of the
second feed structure 18 is configured to connect to the radio frequency channel through a second interface 192. The other
end of the second feed structure 18 is coupled to the second coupling slit 152. In thisimplementation, at the first coupling slit
151 and the second coupling slit 152, a part of the first feed structure 17 is disposed between a part of the second feed
structure 18 and the ground plane 15 in a stacked manner in a thickness direction of the dielectric board 11.

[0101] Inanotherimplementation, alternatively, all transmission lines of the first feed structure 17 may be disposed at the
first layer 161, some transmission lines of the second feed structure 18 may be disposed at the first layer 161, and
remaining transmission lines of the second feed structure 18 may be disposed at the second layer 162. In this
implementation, at the first coupling slit 151 and the second coupling slit 152, a part of the second feed structure 18 is
disposed between a part of the first feed structure 17 and the ground plane 15 in a stacked manner in a thickness direction
of the dielectric board 11.

[0102] Referto FIG. 12. In an implementation, the first feed structure 17 includes a first coupling transmission line 175.
The first coupling transmission line 175 includes a first segment 1751, a second segment 1752, and a third segment 1753
thatare sequentially connected. The first segment 1751 and the third segment 1753 are spaced apart from each other. The
second segment 1752 is connected between one end of the first segment 1751 and one end of the third segment 1753.
Extension directions of the first segment 1751 and the third segment 1753 are the second direction A2. An extension
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direction of the second segment 1752 may be the first direction A1. Both the first segment 1751 and the third segment 1753
cross the first coupling slit 151. A part of the first segment 1751 is positioned on one side of the first coupling slit 151 in the
second direction A2, and a part of the first segment 1751 is positioned on the other side of the first coupling slit 151 in the
second direction A2. Similarly, a part of the second segment 1752 is positioned on one side of the first coupling slit 151 in
the second direction A2, and a part of the second segment 1752 is positioned on the other side of the first coupling slit 151 in
the second direction A2.

[0103] RefertoFIG.12.Inanimplementation, the second feed structure 18 includes a second coupling transmissionline
185. The second coupling transmission line 185 includes a fourth segment 1851, afifth segment 1852, and a sixth segment
1853 that are sequentially connected. The fourth segment 1851 and the sixth segment 1853 are spaced apart from each
other. The fifth segment 1852 is connected between one end of the fourth segment 1851 and one end of the sixth segment
1853. Extension directions of the fourth segment 1851 and the sixth segment 1853 are the first direction A1. An extension
direction of the fifth segment 1852 may be the second direction A2. Both the fourth segment 1851 and the sixth segment
1853 cross the second coupling slit 152. Apart of the fourth segment 1851 is positioned on one side of the second coupling
slit 152 in the first direction A1, and a part of the fourth segment 1851 is positioned on the other side of the second coupling
slit 152 in the first direction A1. Similarly, a part of the sixth segment 1853 is positioned on one side of the second coupling
slit 152 in the first direction A1, and a part of the sixth segment 1853 is positioned on the other side of the second coupling
slit 152 in the first direction A1.

[0104] Both the first coupling transmission line 175 and the second coupling transmission line 185 may be in a IT shape
oraU shape. Referto FIG. 14. Relationships between a vertical projection of the first coupling transmission line 175 on the
ground plane 15, and the first coupling slit 151 and the second coupling slit 152 are as follows: Vertical projections of the
first segment 1751 and the third segment 1753 on the ground plane 15 intersect with the first coupling slit 151. In a specific
implementation, the vertical projections of the first segment 1751 and the third segment 1753 on the ground plane are
separately perpendicular to the first coupling slit 151. The vertical projections of the first segment 1751 and the third
segment 1753 on the ground plane 15 are symmetrically distributed on two sides of the second coupling slit 152. In a
specificimplementation, the vertical projections of the first segment 1751 and the third segment 1753 on the ground plane
15 are parallel to the second coupling slit 152. A vertical projection of the second segment 1752 on the ground plane 15 is
positioned at a periphery of the second coupling slit 152, and does not intersect with the second coupling slit 152. In a
specific implementation, the vertical projection of the second segment 1752 on the ground plane 15 is parallel to the first
coupling slit 151. Relationships between a vertical projection of the second coupling transmission line 185 on the ground
plane 15, and the first coupling slit 151 and the second coupling slit 152 are as follows: Vertical projections of the fourth
segment 1851 and the sixth segment 1853 on the ground plane 15 intersect with the second coupling slit 152. In a specific
implementation, the vertical projections of the fourth segment 1851 and the sixth segment 1853 on the ground plane 15 are
separately perpendicular to the second coupling slit 152. The vertical projections of the fourth segment 1851 and the sixth
segment 1853 on the ground plane 15 are symmetrically distributed on two sides of the first coupling slit 151. In a specific
implementation, the vertical projections of the fourth segment 1851 and the sixth segment 1853 on the ground plane 15 are
parallel to the first coupling slit 151. A vertical projection of the fifth segment 1852 on the ground plane 15 is positioned ata
periphery of the first coupling slit 151, and does notintersect with the first coupling slit 151. In a specificimplementation, the
vertical projection of the fifth segment 1852 on the ground plane 15 is parallel to the second coupling slit 152.

[0105] In a specific implementation, the vertical projection of the first segment 1751 on the ground plane 15 vertically
intersects with the vertical projection of the fourth segment 1851 on the ground plane 15. A free end of the vertical
projection of the first segment 1751 on the ground plane 15 touches the vertical projection of the sixth segment 1853 on the
ground plane 15. Afree end of the vertical projection of the fourth segment 1851 on the ground plane 15 touches the vertical
projection of the third segment 1753 on the ground plane 15. The vertical projection of the first segment 1751 on the ground
plane 15, the vertical projection of the fourth segment 1851 on the ground plane 15, the vertical projection of the third
segment 1753 on the ground plane 15, and the vertical projection of the sixth segment 1853 on the ground plane 15
enclose a rectangular or square area.

[0106] RefertoFIG. 12. The feeding assembly 14 includes the first interface 191 and the second interface 192 that are
configured to connect to a radio frequency cable. Both the first interface 191 and the second interface 192 are electrically
connected to a feeding network in the baseband through the radio frequency cable. The firstinterface 191 and the second
interface 192 may be disposed at the firstlayer, so thata connection between the firstinterface 191 and the radio frequency
cable and a connection between the second interface 192 and the radio frequency cable are more convenient, to play an
advantage of easy connection. A radio frequency channel between the first interface 191 and the feeding network is
configured to transmit a horizontally polarized radio frequency signal, and the radio frequency channel between the
second interface 192 and the feeding network is configured to transmit a vertically polarized radio frequency signal. In the
firstdirection, the firstinterface 191 and the second interface 192 are respectively disposed on two sides of a projection of
the radiation patch 12 on the feeding layer 16, that is, the first interface 191 and the second interface 192 are distributed on
two sides in the length direction of the radiation patch 12.

[0107] Structures of the firstinterface 191 and the second interface 192 may be the same. The firstinterface 191 is used
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as an example to describe a specific structure. In animplementation, the firstinterface 191 is disposed at the firstlayer 161.
The first interface 191 includes a grounding part 1911 and a conductive part 1912. The grounding part 1911 and the
conductive part 1912 are insulated from each other. Specifically, the grounding part 1911 includes a pair of ground pads
disposed oppositely to each other. The conductive part 1912 may be integrally interconnected to the first feed structure 17
(or the second feed structure 18). The conductive part 1912 may be one end of the first feed structure 17 (or the second
feed structure 18). The grounding part 1911 and the ground plane 15 are electrically connected, and specifically, may be
electrically connected through a conductive through hole. An outer conductor of the radio frequency cable is welded to the
grounding part 1911, and an inner conductor of the radio frequency cable is welded to the conductive part 1912. The
grounding part 1911 and the conductive part 1912 may be separated by using air as an insulation medium.

[0108] RefertoFIG.4andFIG.5.Inanimplementation, the dielectricboard 11 of the antenna element 10 includes a first
surface S1 and a second surface S2 that are disposed back to each other. The radiation patch 12 is disposed on the first
surface S1. The firstinterface 191 and the second interface 192 are positioned on the second surface S2. A part of the first
feed structure 17 and a part of the second feed structure 18 are disposed on the second surface S2. As shownin FIG. 5, a
part that is of the first feed structure 17 and that is connected to the first interface 191 is positioned on the second surface
S2, some transmission lines that are on the first feed structure 17 and that are coupled to the first coupling slit 151 are
positioned inside the dielectric board 11, and all transmission lines of the second feed structure 18 are positioned on the
second surface S2. Inanimplementation, the dielectric board 11 is entirely in a shape of a cuboid. The second surface S2is
arectangle. The second surface S2 of the dielectric board 11 is provided with a first groove 1101 and a second groove 1102.
Thefirstgroove 1101 and the second groove 1102 are respectively positioned on two short sides of the second surface S2.
The first interface 191 is disposed on a periphery of the first groove 1101. The second interface 192 is disposed on a
periphery of the second groove 1102. The first groove 1101 and the second groove 1102 are used to accommodate the
radio frequency cable. Connectors of the radio frequency cable are accommodated in the first groove 1101 and the second
groove 1102, to ensure structural flatness of a position at which the antenna element 10 is connected to the radio frequency
cable, facilitate a miniaturization design of an overall size of the antenna element 10, and avoid a case in which the overall
size of the antenna element 10 increases because the connector of the radio frequency cable protrudes from an outer
surface of the dielectric board 11. For example, the first groove 1101 and the second groove 1102 may be used to place an
SMA connector. The radio frequency cable is electrically connected to the antenna element 10 by using the SMA
connector.

[0109] The feeding assembly 14 provided in an implementation may be a microstrip architecture disposed on the
dielectric board. A feeding manner of the microstrip architecture helps implement size miniaturization of the antenna
element 10, and helps implement a low-profile feature of the antenna element. In another implementation, the feeding
assembly 14 may alternatively be in another feeding manner, for example, probe feeding. Both a first feed unit and a
second feed unit are probe structures. The first feed unit performs feeding at one end of the radiation patch 12 in the first
direction to stimulate the vertical polarization of the radiation patch, and the second feed unit performs feeding at a position
that is in a middle position of the radiation patch 12 and that is adjacent to one end of the first slit 1221, to excite the
horizontal polarization of the radiation patch. Alternatively, the feeding assembly 14 may be another type of feeding
architecture, provided that the horizontal polarization and the vertical polarization of the radiation patch can be excited.
[0110] RefertoFIG. 15and FIG. 16. In an implementation, the first sub-patch 1211A, the second sub-patch 1211B, the
firstadditional sub-patch 1212A, and the second additional sub-patch 1212B are collectively referred to as sub-patches. At
least one of the sub-patches is provided with a slot 1213. In an embodiment, an outer profile of each sub-patch is generally
a quadrilateral, for example, a square or a rectangle. A slot of the sub-patch should be understood as a slot extending from
an outer contour edge of the sub-patch to inside of the sub-patch. It should be understood that the slot of the sub-patch may
be in communication with the first slit or the second slit. In the implementations shown in FIG. 15 and FIG. 16, the first sub-
patch 1211A, the second sub-patch 1211B, the first additional sub-patch 1212A, and the second additional sub-patch
1212B each are provided with slots 1213. In anotherimplementation, only one sub-patch or two symmetric sub-patchesin
the sub-patches may be provided with slots 1213. The slot 1213 extends from an edge of the sub-patch to the inside of the
sub-patch.

[0111] Inanembodiment, the slot 1213 includes afirst slot and a second slot. The first slotis provided at a first position of
the first sub-patch, and the second slotis provided ata second position of the second sub-patch. In a specific embodiment,
the first position and the second position are symmetrical with respect to the first slit 1221. It should be understood that
positions of slots being "symmetrical" with respect to the first slit 1221 may not be understood as strict symmetry in a
mathematical sense. In this solution, edge openings of the slots are approximately symmetrically provided on two sides of
the first slit 1221, and forms of the slots are not limited to be completely consistent.

[0112] Inanembodiment, the slot 1213 includes a third slot and a fourth slot. The third slot is provided at a third position of
the first additional sub-patch, and the fourth slot is provided at a fourth position of the second additional sub-patch. In a
specific embodiment, the third position and the fourth position are symmetrical with respect to the first slit.

[0113] Forsub-patches of a same width, an extension path of a current on a sub-patch with a slot increases compared
with an extension path of a current on a sub-patch without a slot. In an implementation, in this solution, a current length of
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the antenna element 10 in the first polarization (for example, the horizontal polarization) may be increased. The slot 1213
allows the antenna element 10 to operate at an expected frequency in the horizontal polarization in limited width space of
the sub-patch. In an implementation, during horizontal polarization feeding of the antenna element 10, a current flows
along an edge ofthe sub-patch in the second direction A2. Referto FIG. 17. In animplementation, the slot 1213 is provided,
so that the current can flow along an edge of the slot 1213.

[0114] Inanimplementation, an extension direction of the slot 1213 includes a third direction A3. In the implementation
shownin FIG. 17, the third direction A3 is the same as the first direction A1. In an implementation shown in FIG. 18, there is
an included angle between the third direction A3 and the second direction A2 and between the third direction A3 and the
firstdirection A1. In animplementation, the extension direction of the slot 1213 may further include the first direction A1 and
the second direction A2. The extension direction of the slot 1213 is not limited in this application, provided that the slot 1213
canincrease a currentdirection of the antenna element 10 in the horizontal polarization, to allow the antenna element 10 to
operate at an expected frequency.

[0115] Inanimplementation, one sub-patch is provided with a plurality of (for example, two or more) slots 1213, and the
plurality of slots 1213 are spaced apart from each other, so that an edge of the sub-patch is in a comb-shaped structure. In
an implementation shown in FIG. 16, manners (including a quantity and sizes of slots) of providing slots 1213 on the first
sub-patch 1211A and the second sub-patch 1211B are the same or similar. For example, the first sub-patch 1211A and the
second sub-patch 1211B each are provided with two slots 1213. The two slots 1213 extend from edges that are of the first
sub-patch 1211A and the second sub-patch 1211B and that are adjacent to the first slit 1221 to inside of the first sub-patch
1211A and inside of the second sub-patch 1211B, that is, openings of the slots 1213 on the first sub-patch 1211A and the
second sub-patch 1211B face the first slit 1221. In animplementation, the slots 1213 provided on the first sub-patch 1211A
and the second sub-patch 1211B are symmetrical with respect to the first slit 1221. Manners (including a quantity and sizes
of slots 1213) of providing slots 1213 on the first additional sub-patch 1212A and the second additional sub-patch 1212B
are the same or similar. For example, the first additional sub-patch 1212A and the second additional sub-patch 1212B each
are provided with four slots 1213. The four slots 1213 extend from edges that are of the firstadditional sub-patch 1212A and
the second additional sub-patch 1212B and that are away from the first sub-patch 1211A and the second sub-patch 1211B
to inside of the first additional sub-patch 1212A and inside of the second additional sub-patch 1212B, that is, openings of
the slots 1213 on the first additional sub-patch 1212A and the second additional sub-patch 1212B are positioned at a top
edge or a bottom edge of the radiation patch 12. In an implementation, the slots 1213 provided on the first additional sub-
patch 1212A and the second additional sub-patch 1212B are symmetrical with respect to the first slit 1221. A quantity of
slots 1213 on each sub-patch is not limited in this application. For example, there may be three, four, or more slots 1213 on
the first sub-patch 1211A or the second sub-patch 1211B, and there may be two, three, or more than four slots 1213 on the
first additional sub-patch 1212A or the second additional sub-patch 1212B. Certainly, there may be only one slot 1213 on
each sub-patch.

[0116] A specific form of the slot 1213 provided on each sub-patch may be a long strip, a rectangle, or a triangle, and an
edge of the slot 1213 may be a straight line or an arc.

[0117] Referto FIG. 19. In an implementation, a sub-patch arranged at the head or tail of a row of sub-patches of the
radiation patch 12 is an edge patch. In the implementation shown in FIG. 19, the first additional sub-patch 1212A and the
second additional sub-patch 1212B are edge patches. The first additional sub-patch 1212A and the second additional sub-
patch 1212B each include a patch body 1214 and protruding structures 1215 connected to the patch body 1214. In the first
direction A1, the protruding structures 1215 are positioned on a side thatis of the patch body 1214 and thatis away from the
first sub-patch 1211A and the second sub-patch 1211B, and an extension direction of the protruding structures 1215
includes the third direction A3. The third direction A3 is the same as the first direction A1, or there is an included angle
between the third direction A3 and the first direction A1. A principle of disposing the protruding structure 1215 is the same
as orsimilarto a design principle of the slot 1213. In this solution, the protruding structure 1215 is disposed atan edge of the
edge patch, so that a path of a current flow direction of the antenna element 10 in the horizontal polarization changes, and a
current path becomes longer, to adjust a frequency. A shape of the protruding structure 1215 may be a rectangle or a
triangle. If another shape is used, an edge of the protruding structure 1215 may be a straight-line edge, or may include a
curved edge or an arc edge.

[0118] In a specific implementation of this application, the sub-patches of the radiation patch are arranged in one row,
and the radiation patch has at least three slits (the first slit 1221 and the second slit 1222) that penetrate the radiation patch
in the second direction A2 and at most one slit that penetrates the radiation patch in the first direction A1, to limit the
radiation patch to a long strip shape, that s, the length of the radiation patch is greater than the width of the radiation patch.
The length-to-width ratio is limited, so that the first feed unit can excite the radiation patch to generate two modes in the
horizontal polarization and the second feed unit can excite the radiation patch to generate two modes in the vertical
polarization. In a specific implementation of this application, size limitations such as a limitation on the length-to-width ratio
of the radiation patch and a limitation on a slit width size are merely states presented in a specific implementation. In
another implementation, a specific size may be adjusted based on a specific design requirement, an application
requirement, and the like.
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[0119] RefertoFIG. 19A. In animplementation shown in FIG. 19A, the radiation patch 12 has a slit 1225 that penetrates
the radiation patchin the first direction A1. In this implementation, the radiation patch 12 includes the first sub-patch 1211A,
the second sub-patch 1211B, the first additional sub-patch 1212A, and the second additional sub-patch 1212B. The slit
1225 passes through, in the first direction A1, middle positions that are of the first sub-patch 1211A, the second sub-patch
1211B, the first additional sub-patch 1212A, and the second additional sub-patch 1212B and that are in the second
direction. The slit 1225 intersects with the first slit 1221, the first sub-slit 1222A, and the second sub-slit 1222B.
[0120] FIG. 20 is a curve graph of S-parameters of the antenna element 10 according to the implementation of this
application. As shown in FIG. 20, the antenna element 10 separately generates three operating resonances in the vertical
polarization (a curve represented by S2,2-VP) and the horizontal polarization (a curve represented by S1,1-HP).
Operating bandwidths cover 4.88 GHz to 6.45 GHz and 5.1 GHz to 6.07 GHz respectively. Isolation (a curve represented
by S2,1) between the vertical polarization and the horizontal polarization is greater than 17 dB within an operating
bandwidth (or referred to as an in-band), indicating that the antenna element 10 has good bandwidth performance. The
antenna element provided in a specific implementation of this application operates in a 5G Wi-Fi frequency band, with an
operating bandwidth of 5.15 GHz to 5.85 GHz.

[0121] FIG. 21(a)and FIG. 21(b) are radiation patterns of the vertical polarization port of the antenna element 10 during
excitation at 5 GHz and 5.6 GHz according to the implementation of this application. FIG. 22(a) and FIG. 22(b) are radiation
patterns of the horizontal polarization port of the antenna element 10 during excitation at 5.25 GHz and 5.8 GHz according
to the implementation of this application. It can be learned from FIG. 21(a) to FIG. 22(b) that, in the vertical polarization and
the horizontal polarization, a high-gain fan-shaped beam with a wide horizontal beam and a narrow pitch plane beam is
observed at different frequencies, indicating that the antenna element 10 provided in this application has a good coverage
capability.

[0122] FIG.23isanefficiency curve graph of the antenna element 10 according to the implementation of this application.
FIG. 24 is a gain curve graph of the antenna element 10 according to the implementation of this application. As shown in
FIG. 23 and FIG. 24, for the antenna element 10 provided in this application, a gain level (a curve marked as "horizontal
polarization" and indicated by an elliptical dashed line) in the horizontal polarization is 6 dBi to 7 dBi at 5.15 GHz to 5.90
GHz, againlevel (marked as "vertical polarization" and indicated by an elliptical dashed line) in the vertical polarization is 6
dBi to 8 dBi at 5 GHz to 6 GHz, and in-band system efficiency is greater than -1.5 dB in the horizontal polarization and the
vertical polarization, indicating that the antenna element 10 provided in this application has a good radiation capability and
a good gain level.

[0123] FIG. 25(a) and FIG. 25(b) are distribution diagrams of currents of the antenna element 10 in the vertical
polarization at 5 GHz and 5.6 GHz according to the implementation of this application. FIG. 25(c) and FIG. 25(d) are
distribution diagrams of electric fields of the antenna element 10 in the vertical polarization at 5 GHz and 5.6 GHz according
to the implementation of this application. As shown in FIG. 25(a) to FIG. 25(d), the antenna element operates in the first
operating mode at 5.0 GHz, and the antenna element operates in the reverse second operating mode at 5.6 GHz.
[0124] FIG. 26(a) and FIG. 26(b) are distribution diagrams of currents of the antenna element 10 in the horizontal
polarization at 5.25 GHz and 5.8 GHz according to the implementation of this application. FIG. 26(c) and FIG. 26(d) are
distribution diagrams of electric fields of the antenna element 10 in the horizontal polarization at 5.25 GHz and 5.8 GHz
according to the implementation of this application. As shown in FIG. 26(a) to FIG. 26(d), at an operating frequency of 5.25
GHz, two middle sub-patches (the first sub-patch) generate resonances, and at an operating frequency of 5.8 GHz,
namely, in a parasitic mode, two additional sub-patches generate resonances. During the vertical polarization, three slits
on the radiation patch that are parallel to a wide side are mainly used to increase a bandwidth through capacitive loading
and increase aradiation aperture, so as toimprove again level. Three slits on the radiation patch that are parallel to a broad
side are mainly used in horizontal polarization to expand a bandwidth in a parasitic mode and avoid generation of a
transverse mode at a radiating edge.

[0125] Inordertoillustrate independent regulation effect of a slot or protruding structure extending in the third direction
on a frequency response in the vertical polarization and the horizontal polarization, FIG. 27, FIG. 28, FIG. 29, and FIG. 30
are respective diagrams of S-parameters of the horizontal polarization port and the vertical polarization port during
excitation when slots extending in the third direction have different sizes. FIG. 27 shows impact of adjusting a size, namely,
Ld1, of a slot on the first sub-patch on a main mode and a parasitic mode that are generated when the antenna element is
horizontally polarized. FIG. 28 shows impact of adjusting a size, namely, Ld2, of a slot on the additional sub-patch ona main
mode and a parasitic mode that are generated when the antenna elementis horizontally polarized. FIG. 29 shows impact of
adjusting a size, namely, Ld1, of a slot on the first sub-patch on two modes that are generated when the antenna elementis
vertically polarized. FIG. 30 shows impact of adjusting a size, namely, Ld2, of a slot on the additional sub-patch on two
modes that are generated when the antenna element s vertically polarized. InFIG. 27, a size range of Ld1is 4.9 mmt0 5.2
mm. In FIG. 28, a size range of Ld2is 4.8 mmto 5.2 mm. As shown in FIG. 27 and FIG. 29, when a quantity of slots remains
unchanged and the length Ld1 of the slot increases, a main operating mode under horizontal polarization feeding moves
toward a low frequency, a frequency in the parasitic operating mode basically remains unchanged, and a frequency in the
vertical polarization also remains unchanged. As shown in FIG. 28 and FIG. 30, when the length Ld2 of the slot increases, a
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parasitic operating mode under horizontal polarization feeding moves toward a low frequency, a frequency in the main
operating mode basically remains unchanged, and a frequency in the vertical polarization also remains unchanged.
Therefore, in this application, a slot or protruding structure is provided on a sub-patch, so that a frequency response of a
horizontal polarization port can be independently controlled; and a dual-polarized symmetric slot or protruding structure is
designed, so that resonance frequencies in the main operating mode and the parasitic operating mode during horizontal
polarization feeding can be separately adjusted. Specifically, if only the resonance frequency in the main operating mode
needs to be controlled, only the first sub-patch needs to be provided with a slot, or if the resonance frequency in the
parasitic mode needs to be controlled, only the additional sub-patch needs to be provided with a slot. In a specific
implementation, a direction of the slot is the first direction, and the slot does not affect distribution of currents in the vertical
polarization. Therefore, the slot does not affect an operating frequency in the vertical polarization.

[0126] Inanimplementation, the antenna array provided in this application includes at least two antenna elements, and
the at least two antenna elements are sequentially arranged in the second direction. The antenna array provided in this
applicationis alow-profile dual-polarized array. Refer to FIG. 31. Inanimplementation, the antenna array 100 includes four
antenna elements 10 sequentially arranged in the second direction, and an electrical length of a spacing d between
adjacentantenna elements 10 is within arange of 0.2 1 to 0.7 A. In a specificimplementation, d=0.31 A. A physical length of
the spacing d between the adjacent antenna elements 10 varies greatly depending on a frequency band range. Ina 5G Wi-
Fifrequency band, the physical length of the spacing d between the adjacent antenna elements 10 ranges from 10 mm to
42 mm. In a specific implementation, the physical length of the spacing d between the adjacent antenna elements 10 is
18.75 mm. Specifically, the spacing d between the adjacent antenna elements 10 may be a distance between the radiation
patches 12 in the second direction A2. The four antenna elements 10 may have a same structure or size, or may have
different structures or sizes. Different structures of the antenna elements 10 may be reflected in different quantities, forms,
and positions of slits, different quantities, shapes, and sizes of sub-patches, different shapes, sizes, or distribution of slots
or protruding structures extending in the third direction, or the like.

[0127] RefertoFIG. 32. Firstinterfaces 191 of all antenna elements 10 are positioned on one edge of the antenna array
100, and second interfaces 192 of all antenna elements 10 are positioned on the other edge of the antenna array 100.
Specifically, in the implementation shown in FIG. 32, the four antenna elements 10 have eight feeding ports (which are four
first interfaces 191 and four second interfaces 192 respectively), the four first interfaces 191 are arranged at a first edge
position (for example, a bottom edge in the figure) of the antenna array 100, and the four second interfaces 192 are
arranged at a second edge position (for example, a top edge in the figure) of the antenna array 100. This design facilitates
cable connection. In this application, feeding ports of adjacent antenna elements are isolated from each other, forexample,
horizontal polarization feeding ports or vertical polarization feeding ports are isolated from each other at an equal or similar
spacing, to facilitate circuit configuration and ensure consistency of electromagnetic wave signal beams.

[0128] The antenna array 100 may be connected to the phase-shift element. For a specific connection manner, refer to
FIG. 1 (described above, and details are not described again).

[0129] FIG. 33 is a diagram of a situation in which an array factor in an antenna array (which may be a one-dimensional
linear array) including four antenna elements changes with a spacing d between the antenna elements. In FIG. 33, a size of
the spacing d between the antenna elements is marked as a multiple relationship of an electrical length of the spacing d
between the antenna elements, and changes of a parameter value of the array factor in which d=0.25%,0.54,and 0.75 1,
are respectively marked. A specific spacing d between the antenna elements that is marked in the upper right corner of the
curve graph as FIG. 33 points to a specific curve by using an indication line with an arrow. It can be seen from FIG. 33 that
when the spacing d between the antenna elements increases, a value of the array factor increases, but a beam width of a
main lobe greatly narrows. In FIG. 33, for three curves corresponding to areas in which horizontal coordinates are between
80 and 100, peak values are different at different widths. It is clear that the larger the spacing d between the antenna
elements, the smaller the beam width. A beam width corresponding to a minimum spacing d (0.25 1) between the antenna
elementsis the widest (a radius of aradian ata peak position is the largest), and a beam width corresponding to a maximum
spacing d (0.75 1) between the antenna elements is the narrowest (a radius of a radian at a peak position is the smallest).
Therefore, in this application, after an array gain is improved by increasing an array spacing, an array scanning range is
significantly reduced because an array factor beam becomes narrower.

[0130] FIG. 34 isan architecture of an antenna array of a patch 1*4 array. The antenna array 100A includes four antenna
elements 10A. FIG. 35 shows a situation in which an array gain of a patch 1*4 array changes with a spacing between
elements.

[0131] FIG. 36 shows a situation in which an array gain of a low-profile high-performance dual-polarized 1*4 antenna
array changes with a spacing between elements according to this application.

[0132] It can be seen from FIG. 35 and FIG. 36 that, when the spacing decreases, gains of the two arrays decrease
significantly, and beams become wider; however, the low-profile high-performance dual-polarized 1*4 antenna array
shown in FIG. 36 provided in this application can maintain, at a smaller spacing A/4, a gain level the same as that of the
patch 1*4 array antenna shown in FIG. 35 at a spacing A/2, while with a wider beam. Beam widening may be understood as
a width of a horizontal coordinate in a peak area of a main lobe corresponding to a same vertical coordinate.
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[0133] FIG. 37A to FIG. 37C are diagrams of beam consistency of a patch 1*4 array at different spacings (namely,
spacings d between antenna elements are A/4, A/3, and A/2 respectively). FIG. 38A to FIG. 38C are diagrams of beam
consistency of a low-profile high-performance dual-polarized 1*4 antenna array at different spacings (namely, spacings d
between antenna elements are A/4, /3, and A/2 respectively) according to this application. It can be learned by comparing
FIG.37Ato FIG. 37C with FIG. 38A to FIG. 38C that, at a same spacing, beam consistency of antenna elements of the low-
profile high-performance dual-polarized 1*4 antenna array provided in this application is greatly better than that of the
patch 1*4 array antenna. Beam consistency may be reflected through peak value distribution. A distance between peak
values of beams shown in FIG. 37A to FIG. 37C is large, and a distance between peak values of corresponding beams
shown in FIG. 38A to FIG. 38C is small.

[0134] FIG.39(a)toFIG.39(c)are diagrams of S-parameters of an antenna array according to a specificimplementation
of this application. As shown in FIG. 39(a) to FIG. 39(c), an operating bandwidth of the antenna array provided in this
application in the vertical polarization may cover 5.1 GHz to 5.9 GHz, and in-band isolation between each port is greater
than 13.2 dB. An operating bandwidth in the horizontal polarization may cover 5.1 GHz to 5.8 GHz, and in-band isolation
between each port is greater than 10.4 dB. The in-band isolation between the horizontal polarization and the vertical
polarization is higher than 16.6 dB. This indicates that the antenna array provided in this application has good bandwidth
and isolation performance when the antenna array is arranged at a small spacing.

[0135] FIG.40(a)andFIG.40(b)are diagrams of scanning capabilities of the antenna array in the horizontal polarization
and the vertical polarization at 5.2 GHz, 5.5 GHz, and 5.8 GHz according to a specificimplementation of this application. As
shown in FIG. 40(a) and FIG. 40(b), scanning angles of 3 dB gain roll-off at 5.2 GHz, 5.5 GHz, and 5.8 GHz in the vertical
polarizationare 70°,69°, and 66°, respectively, scanning angles of 5dB gain roll-offat 5.2 GHz, 5.5 GHz, and 5.8 GHzin the
vertical polarization are 85°, 81°, and 78°, respectively, scanning angles of 3 dB gain roll-off at 5.2 GHz, 5.5 GHz, and 5.8
GHz in the horizontal polarization are 71°,67°, and 66°, respectively, and scanning angles of 5 dB gain roll-off at 5.2 GHz,
5.5 GHz, and 5.8 GHz in the horizontal polarization are 81°, 80°, and 79°, respectively.

[0136] Table 1 and Table 2 respectively show scanning performance and a phase requirement of an antenna array
provided in an implementation of this application in the vertical polarization and the horizontal polarization. It can be
learned from the tables that both the vertical polarization and the horizontal polarization show good gain levels and
scanning/coverage performance, gain and scanning performance of the vertical polarization are slightly better than those
of horizontal polarization. States in status bars in Table 1 and Table 2 is a phase difference between two adjacent feeding
ports. Specifically, Table 1 reflects a phase difference between two adjacent feeding ports in a vertical polarization port
group, where a state | indicates that all feeding ports have a same phase, that is, a phase difference between two adjacent
feeding ports is 0°; a state |l indicates that a phase difference between two adjacent feeding ports is 45°; and a state llI
indicates that a phase difference between two adjacent feeding ports is 120°. Similarly, FIG. 2 reflects a phase difference
between two adjacent feeding ports in a horizontal polarization port group, where a state | indicates that all feeding ports
have a same phase, that is, a phase difference between two adjacent feeding ports is 0°; a state Il indicates that a phase
difference between two adjacent feeding ports is 45°; and a state lll indicates that a phase difference between two adjacent
feeding ports is 120°.

Table 1 Scanning performance and phase requirements of the array in the vertical polarization

Vertical Frequency | Isolation | Peak | Scanning | Scanning | Status | Phase | Beam Gain
polarization | (GHz) (dB) gain angle (3 angle (5 direction | (dBi)
(dBi) dB gain dB gain
drop) drop)

5.2 13.3 10.9 70 85 State | | 0° 0° 10.9
Statell | 45° 27° 10.7
State 120° 52° 9.2
11

5.5 14.4 11.5 69 81 State | | 0° 0° 11.5
Statell | 45° 24° 11.2
State 120° 53° 9.5
11
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(continued)

Vertical Frequency | Isolation | Peak | Scanning | Scanning | Status | Phase | Beam Gain
polarization | (GHz) (dB) gain angle (3 angle (5 direction | (dBi)
(dBi) | dB gain dB gain
drop) drop)

5.8 13.2 12.0 66 78 State| | 0° 0° 12.0
Statell | 45° 23° 1.7
State 120° 50° 10.1

Table 2 Scanning performance and phase requirements of the array in the horizontal polarization

Horizontal Frequency | Isolation | Peak | Scanning | Scanning | Status | Phase | Beam Gain
polarization | (GHz) (dB) gain angle (3 angle (5 direction | (dBi)
(dBi) | dB gain dB gain
drop) drop)

5.2 10.4 10.1 71 81 State| | 0° 0° 10.1
Statell | 45° 25° 8.6
State 120° 50° 9.1
11

5.5 14.2 11.2 67 80 State| | 0° 0° 11.2
Statell | 45° 20° 10.1
State 120° 48° 9.5
1]

5.8 17.6 1.5 66 79 State| | 0° 0° 11.5
Statell | 45° 20° 10.6
State 120° 47° 9.6

[0137] Embodiments of this application are described above. The foregoing descriptions are examples, are not
exhaustive, and are not limited to the disclosed embodiments. Many modifications and changes are apparent to a person
of ordinary skillin the art without departing from the scope and spirit of the illustrated embodiments. Selection of terms used
in this specification is intended to best explain the principles of embodiments, actual application, or improvements to
technologies in the market, or to enable another person of ordinary skill in the art to understand embodiments disclosed in
this specification.

Claims
1. An antenna element, comprising:

a radiation patch, comprising a first additional sub-patch, a first sub-patch, a second sub-patch, and a second
additional sub-patch that are sequentially arranged in a first direction, wherein the radiation patch comprises a
first slitand a second slit that penetrate the radiation patch in a second direction, the first slit is formed between the
first sub-patch and the second sub-patch, the second slit comprises a first sub-slit and a second sub-slit, the first
sub-slit is formed between the first sub-patch and the first additional sub-patch, the second sub-slit is formed
between the second sub-patch and the second additional sub-patch, a maximum size of the radiation patch in the
first direction is a length of the radiation patch, a maximum size of the radiation patch in the second direction is a
width of the radiation patch, and a length-to-width ratio R of the radiation patch satisfies R>2; and

a feeding assembly, configured to excite the radiation patch.

2. The antenna element according to claim 1, wherein the first slit and the second slit each comprise a first end and a
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second end, both an extension direction of the first slit and an extension direction of the second slit are a direction in
which the first end points to the second end, and both the extension direction of the first slit and the extension direction
of the second slit are the second direction.

The antenna elementaccording to claim 2, wherein both a length of the first slitand a length of the second slitare a size
of an extension path extending from the firstend to the second end, both a width of the first slitand a width of the second
slit are a size in a direction perpendicular to the extension path, and both the width of the first slit and the width of the
second slit are within a range of 0.03 mm to 3 mm.

The antenna element according to claim 3, wherein both the width of the first slit and the width of the second slit are
within a range of 0.5 mm to 1.5 mm.

The antenna element according to claim 3, wherein the width of the second slit is less than or equal to 2 mm.

The antenna element according to any one of claims 1 to 5, wherein the length-to-width ratio R of the radiation patch
satisfies 3<R<5.

The antenna element according to any one of claims 1 to 6, wherein the radiation patch does not have a slit that
penetrates the radiation patch in the first direction, or the radiation patch has only one slit that penetrates the radiation
patch in the first direction.

The antenna element according to any one of claims 1 to 7, wherein the first slit is in a middle position of the radiation
patch in the first direction, and the second slit is symmetrically distributed on two sides of the first slit in the first
direction.

The antenna element according to any one of claims 1 to 8, wherein the feeding assembly comprises a ground plane
and a feeding layer, the ground plane is disposed between the feeding layer and the radiation patch in a stacked
manner, the feeding layer comprises a first feed structure and a second feed structure, the ground plane is provided
with a first coupling slit and a second coupling slit that are provided in a cross manner, the first feed structure and the
first coupling slit are provided directly opposite to each other, and the second feed structure and the second coupling
slit are provided directly opposite to each other.

The antenna element according to claim 9, wherein the first coupling slit at least partially overlaps the first sub-patch,
the first coupling slit at least partially overlaps the second sub-patch, and the second coupling slit is provided directly
opposite to the first slit.

The antenna element according to claim 9 or 10, wherein the second coupling slit does not overlap the first sub-patch,
and the second coupling slit does not overlap the second sub-patch.

The antenna element according to any one of claims 9 to 11, wherein the first coupling slit does not overlap the first
additional sub-patch and the second additional sub-patch, and the second coupling slit does not overlap the first
additional sub-patch and the second additional sub-patch.

The antenna elementaccording to any one of claims 9 to 12, wherein the first sub-patch, the second sub-patch, the first
additional sub-patch, and the second additional sub-patch are collectively referred to as sub-patches, at least one
sub-patch is provided with a slot, the slot extends from an edge of the sub-patch to inside of the sub-patch, and an
extension direction of the slot comprises a third direction; and

the third direction is the same as the first direction, or there are an included angle between the third direction and the
second direction and an included angle between the third direction and the first direction.

The antenna element according to claim 13, wherein the slot comprises a first slot and a second slot, the first slot is
provided at a first position of the first sub-patch, the second slot is provided at a second position of the second sub-
patch, and the first position and the second position are symmetrical with respect to the first slit.

The antenna element according to claim 13 or 14, wherein the slot comprises a third slot and a fourth slot, the third slot

is provided at a third position of the first additional sub-patch, the fourth slot is provided at a fourth position of the
second additional sub-patch, and the third position and the fourth position are symmetrical with respect to the first slit.
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The antenna element according to any one of claims 9 to 15, wherein the first coupling slit and the second coupling slit
form a cross-shaped slit structure.

The antenna element according to claim 16, wherein the feeding assembly comprises a first interface and a second
interface that are configured to connect to a radio frequency cable, one end of the first feed structure is connected to
thefirstinterface, another end of the first feed structure is disposed directly opposite to the first coupling slit, one end of
the second feed structure is connected to the second interface, another end of the second feed structure is disposed
directly opposite to the second coupling slit, and in the first direction, the first interface and the second interface are
respectively disposed on two sides of a projection of the radiation patch on the feeding layer.

Anantenna array, comprising atleast two antenna elements according to any one of claims 1to 17, wherein the atleast
two antenna elements are sequentially arranged in a second direction.

A communication device, comprising a feeding network and the antenna array according to claim 18, wherein the first
feed structure and the second feed structure of the antenna element are electrically connected to the feeding network.

A communication device, comprising a feeding network and the antenna element according to any one of claims 1 to
17, wherein the first feed structure and the second feed structure are electrically connected to the feeding network.
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Parasitic operating mode
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First operating mode
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Second operating mode
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FIG. 25(a) 5 GHz
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FIG. 25(b) 5.6 GHz
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FIG. 25(d) 5.6 GHz
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FIG. 26(a) 5.25 GHz
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FIG. 26(b) 5.8 GHz
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FIG. 26(c) 5.25 GHz
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FIG. 26(d) 5.8 GHz
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