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(57)  This application provides a wearable device,
including an antenna, and a pattern of the antenna
may be switched, so that an anti-interference capability
of the wearable device can be improved. The wearable
device includes a casing, the antenna, and a ground
plane. The antenna includes a feed unit, a switch, a first
electronic element, a first radiator, and a second radiator
that are disposed in the casing. An end of the first radiator
and an end of the second radiator are opposite to each
other and are not in contact with each other. A first end of
the first radiator includes a feed point. The feed unit is
electrically connected to the first radiator at the feed point.
Afirstend of the second radiator includes a ground point.
The switch is electrically connected between the second
radiator and the ground plane at the ground point. The
first electronic element is electrically connected between
the switch and the ground plane.
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Description

[0001] This application claims priority to Chinese Pa-
tent Application No. 202211114401.0, filed with the China
National Intellectual Property Administration on Septem-
ber 14, 2022 and entitled "WEARABLE DEVICE", which
is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] This application relates to the field of wireless
communication, and in particular, to a wearable device.

BACKGROUND

[0003] Wireless earphones, especially true wireless
stereo (true wireless stereo, TWS) Bluetooth (Bluetooth,
BT) earphones, are increasingly popular with users be-
cause of convenience and miniaturization. However,
because a TWS earphone is directly worn on an ear of
a user, antenna performance of the TWS earphone is
easily affected by a head of the user. Consequently, it is
difficult to implement excellent antenna performance. In
addition, when interference occurs around the user when
the TWS earphone is worn on the ear of the user, for
example, when another electronic device sends an elec-
trical signal in a Bluetooth frequency band or a 2.4 GHz
Wi-Fi signal in a same frequency as the Bluetooth fre-
quency band, interference on user using the TWS ear-
phone is caused.

[0004] The same problem may also occur on other
wearable devices such as a smartwatch and smart
glasses worn by the user. Due to the foregoing problem,
an antenna of a wearable device has an urgent require-
ment for pattern switching.

SUMMARY

[0005] This application provides a wearable device,
including an antenna. The antenna has a simple struc-
ture, and can switch a pattern while ensuring a good
radiation characteristic of the antenna, to improve an
anti-interference capability of the wearable device.

[0006] According to afirst aspect, a wearable device is
provided, including: a casing; an antenna, including a
feed unit, a switch, a first electronic element, a first
radiator, and a second radiator, where the feed unit,
the switch, the first radiator, and the second radiator
are located in the casing; a ground plane, where a first
end of the second radiator is electrically connected to the
ground plane via the switch; an end of the first radiator
and an end of the second radiator are opposite to each
other and are not in contact with each other; a first end of
the first radiator includes a feed point, and the feed unitis
electrically connected to the first radiator at the feed point;
the first end of the second radiator includes a ground
point, the switch is electrically connected between the
second radiator and the ground plane at the ground point,
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and the first electronic element is electrically connected
between the switch and the ground plane; when the
switch is in a first switch state, an operating frequency
band of the antenna includes a first frequency band, and
the antenna generates a first pattern; and when the
switch is in a second switch state, the operating fre-
quency band of the antenna includes the first frequency
band, and the antenna generates a second pattern,
where the first pattern and the second pattern are com-
plementary to each other.

[0007] According to the technical solution in this em-
bodiment of this application, an electrical connection
state of the switch is adjusted to control an electrical
connection state between the first end of the second
radiator and the ground plane, to change an operating
mode of the antenna, so that switching between two
complementary patterns is implemented in different op-
erating modes of the antenna.

[0008] With reference to the first aspect, in some im-
plementations of the first aspect, when the switchis in the
first switch state, the first end of the second radiator is
grounded via the switch; and when the switch is in the
second switch state, the first end of the second radiator is
not grounded via the switch.

[0009] According to the technical solution in this em-
bodiment of this application, a state of the first switch may
be controlled, to control switching of the operating mode
of the antenna between a first antenna element and a
second antenna element.

[0010] With reference to the first aspect, in some im-
plementations of the first aspect, the antenna further
includes a second electronic element, where the second
electronic element is electrically connected between the
end of the first radiator and the end of the second radiator
that are disposed opposite to each other.

[0011] According to the technical solution in this em-
bodiment of this application, the second electronic ele-
ment is controlled, so that an electrical signal transmitted
on the second radiator through the second electronic
element and an electrical signal spatially coupled on
the second radiator are opposite in phase (for example,
a phase difference is 180°). In this way, the two signals
may cancel each other, to reduce coupling between the
first radiator and the second radiator.

[0012] With reference to the first aspect, in some im-
plementations of the first aspect, the second electronic
elementis an inductor, and an inductance is greater than
or equal to 10 nH.

[0013] According to the technical solution in this em-
bodiment of this application, the inductance of the second
electronic element may be adjusted based on an actual
design. This is not limited in this application.

[0014] With reference to the first aspect, in some im-
plementations of the first aspect, the antenna further
includes a neutralization line; and a first end of the
neutralization line is electrically connected to the first
radiator at a first position, and a second end of the
neutralization line is electrically connected to the second
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radiator at a second position.

[0015] According to the technical solution in this em-
bodiment of this application, when the neutralization line
is electrically connected between the first radiator and the
second radiator, an electrical length of the neutralization
line may be controlled, so that an electrical signal trans-
mitted on the second radiator through the neutralization
line and an electrical signal spatially coupled on the
second radiator are opposite in phase (for example, a
phase difference is 180°). In this way, the two signals may
cancel each other, to reduce coupling between the first
radiator and the second radiator.

[0016] With reference to the first aspect, in some im-
plementations of the first aspect, a distance between the
first position and the feed point is less than one sixteenth
of a first wavelength, and/or a distance between the
second position and the ground point is less than one
sixteenth of the first wavelength. The first wavelength is a
wavelength corresponding to the first frequency band.
[0017] With reference to the first aspect, in some im-
plementations of the first aspect, the antenna further
includes a third electronic element; and the neutralization
line includes a slot, and the third electronic element is
electrically connected between two sides of the slot of the
neutralization line.

[0018] According to the technical solution in this em-
bodiment of this application, the third electronic element
may be adjusted to control the electrical length of the
neutralization line, so thatthe electrical signal transmitted
by the neutralization line on the second radiator and the
electrical signal spatially coupled on the second radiator
are opposite in phase (for example, the phase difference
is 180°). In this way, the two signals may cancel each
other.

[0019] With reference to the first aspect, in some im-
plementations of the first aspect, the third electronic
elementis an inductor, and an inductance is greater than
or equal to 5 nH.

[0020] According to the technical solution in this em-
bodiment of this application, the inductance of the third
electronic element may be adjusted based on an actual
design. This is not limited in this application.

[0021] With reference to the first aspect, in some im-
plementations of the first aspect, a distance between the
firstradiator and the ground plane is greater than or equal
to 0.5 mm and less than or equal to 3 mm.

[0022] According to the technical solution in this em-
bodiment of this application, the distance between the
first radiator and the ground plane may be understood as
a minimum value of a line segment distance between a
point on the first radiator and a point on the ground plane,
or may be understood as a distance between the first
radiator and the ground plane in a first direction. The first
direction may be a direction perpendicular to a plane on
which the first radiator is located.

[0023] With reference to the first aspect, in some im-
plementations of the first aspect, a distance between the
end of the first radiator and the end of the second radiator
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that are disposed opposite to each other is less than or
equal to 1 mm.

[0024] According to the technical solution in this em-
bodiment of this application, the distance between the
end of the first radiator and the end of the second radiator
that are disposed opposite to each other may be 0.6 mm.
The distance between the end of the first radiator and the
end of the second radiator may be understood as a width
of a slot formed between the end of the first radiator and
the end of the second radiator.

[0025] With reference to the first aspect, in some im-
plementations of the first aspect, a length L1 of the first
radiator and a length L2 of the second radiator satisfy:
L1X60%<L2, or L2X60%<L1.

[0026] According to the technical solution in this em-
bodiment of this application, electrical lengths of the first
radiator and the second radiator may be the same (for
example, a difference between the electrical lengths is
+10%). Due to a spatial layout inside the wearable
device, an electronic element (for example, a capacitor
or an inductor) may be disposed between a radiator and
the ground plane, to shorten a physical length of the
radiator without changing the electrical length.

[0027] With reference to the first aspect, in some im-
plementations of the first aspect, projections of the first
radiator and the second radiator on a plane on which the
ground plane is located are parallel to each other in a first
direction, and a spacing in a second direction is less than
a quarter of the first wavelength. The first direction is an
extension direction of the first radiator and the second
radiator, the second direction is perpendicular to the first
direction, and the first wavelength is the wavelength
corresponding to the first frequency band.

[0028] According to the technical solution in this em-
bodiment of this application, the first radiator and the
second radiator may be arranged in parallel. The first
radiator and the second radiator may be arranged along a
same straight line, or the first radiator and the second
radiator may be arranged in a staggered manner.
[0029] With reference to the first aspect, in some im-
plementations of the first aspect, a second end of the first
radiator and a second end of the second radiator are
opposite to each other and are not in contact with each
other; and the second end of the first radiator and the
second end of the second radiator are open ends.
[0030] With reference to the first aspect, in some im-
plementations of the first aspect, the first end of the first
radiator and a second end of the second radiator are
opposite to each other and are not in contact with each
other; and a second end of the first radiator and the
second end of the second radiator are open ends.
[0031] With reference to the first aspect, in some im-
plementations of the first aspect, a second end of the first
radiator and a second end of the first radiator are opposite
to each other and are not in contact with each other; and
the second end of the first radiator and a second end of
the second radiator are open ends.

[0032] With reference to the first aspect, in some im-
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plementations of the first aspect, the first end of the first
radiator and a second end of the first radiator are opposite
to each other and are not in contact with each other; and a
second end of the first radiator and a second end of the
second radiator are open ends.

[0033] With reference to the first aspect, in some im-
plementations of the first aspect, the wearable device is a
true wireless stereo TWS earphone; the wearable device
includes an earbud portion and an earbud stem portion,
and the antenna is disposed on the earbud stem portion;
and a distance between the first radiator and the earbud
portion is less than a distance between the second ra-
diator and the earbud portion.

[0034] According to the technical solution in this em-
bodiment of this application, the first radiator may be
disposed in a region that is of the earbud stem portion
and that is close to the earbud portion, and the first
radiator may be used as a main radiator (a feed point
is provided). In this way, radiation is generated via a metal
component that is in the earbud portion and that is
electrically connected to the ground plane, to improve
a radiation characteristic of the antenna.

[0035] With reference to the first aspect, in some im-
plementations of the first aspect, the first radiator and the
second radiator are sheet-shaped; and the wearable
device further includes a printed circuit board PCB, the
PCB includes a metal layer, and the metal layer is dis-
posed opposite to the first radiator and the second ra-
diator.

[0036] With reference to the first aspect, in some im-
plementations of the first aspect, no switch is included
between the feed unit and the first radiator or between the
feed unit and the ground plane.

[0037] According to the technical solution in this em-
bodiment of this application, no switch is disposed be-
tween the feed unit and the first radiator or between the
feed unit and the ground plane. Because no switch is
disposed at the feed unit to switch a matching network, no
additional insertion loss is caused, so that radiation per-
formance of the antenna is not lost.

[0038] With reference to the first aspect, in some im-
plementations of the first aspect, the first frequency band
includes a Bluetooth frequency band of 2.4-2.485 GHz.

BRIEF DESCRIPTION OF DRAWINGS
[0039]

FIG. 1(a) to FIG. 1(c) are diagrams of a structure of a
wearable device according to an embodiment of this
application;

FIG. 2 is a diagram of comparison between patterns
of an antenna structure of a TWS earphone in dif-
ferent cases;

FIG. 3 is a diagram of switching between patterns of
an antenna structure according to an embodiment of
this application;

FIG.4is adiagramofanantenna 201 accordingtoan

10

15

20

25

30

35

40

45

50

55

embodiment of this application;

FIG. 5is a diagram of a common-mode structure of a
wire antenna and corresponding distribution of cur-
rents and electric fields according to this application;
FIG. 6 is a diagram of a differential-mode structure of
a wire antenna and corresponding distribution of
currents and electric fields according to this applica-
tion;

FIG. 7 is a diagram of a common-mode structure of a
slot antenna and corresponding distribution of cur-
rents, electric fields, and magnetic currents accord-
ing to this application;

FIG. 8 is a diagram of a differential-mode structure of
a slot antenna and corresponding distribution of
currents, electric fields, and magnetic currents ac-
cording to this application;

FIG. 9 is a diagram of a structure of an antenna 300
according to an embodiment of this application;
FIG. 10 is a top view of an antenna 300 according to
an embodiment of this application;

FIG. 11 shows S-parameters of the antenna shownin
FIG. 9;

FIG. 12 is a distribution diagram of currents of the
antenna shown in FIG. 9;

FIG. 13 shows simulation results of S-parameters
and total efficiency of the antenna shown in FIG. 9;
FIG. 14 shows a pattern of the antenna shown in FIG.
9 on a yoz plane;

FIG. 15 shows a pattern of the antenna shownin FIG.
9 in a head model;

FIG. 16 shows a pattern of the antenna shown in FIG.
9 in a human body model;

FIG. 17 is a diagram of another antenna 300 accord-
ing to an embodiment of this application;

FIG. 18 shows isolation between afirstradiatorand a
second radiator in the antenna shown in FIG. 17;
FIG. 19 shows a simulation result of the antenna
shown in FIG. 17;

FIG. 20 is a diagram of another antenna 300 accord-
ing to an embodiment of this application;

FIG. 21 shows isolation between afirstradiatorand a
second radiator in the antenna shown in FIG. 20;
FIG. 22 shows a simulation result of the antenna
shown in FIG. 20;

FIG. 23 is a diagram of another antenna 300 accord-
ing to an embodiment of this application;

FIG. 24 shows a simulation result of total efficiency of
the antenna shown in FIG. 23;

FIG. 25 is a distribution diagram of currents of the
antenna shown in FIG. 23;

FIG. 26 shows a pattern of the antenna shown in FIG.
23;

FIG. 27 is a diagram of another antenna 300 accord-
ing to an embodiment of this application;

FIG. 28 shows a simulation result of total efficiency of
the antenna shown in FIG. 31;

FIG. 29 is a distribution diagram of currents of the
antenna shown in FIG. 31;
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FIG. 30 shows a pattern of the antenna shownin FIG.
33;

FIG. 31 is a diagram of another antenna 300 accord-
ing to an embodiment of this application;

FI1G. 32 shows a simulation result of total efficiency of
the antenna shown in FIG. 31;

FIG. 33 is a distribution diagram of currents of the
antenna shown in FIG. 31;

FIG. 34 shows a pattern of the antenna shownin FIG.
31;

FI1G. 35 shows another wearable device according to
an embodiment of this application; and

FIG. 36 shows still another wearable device accord-
ing to an embodiment of this application.

DESCRIPTION OF EMBODIMENTS

[0040] The following describes the technical solutions
in this application with reference to the accompanying
drawings.

[0041] The following describes possible terms in em-
bodiments of this application.

[0042] 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
aline 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 in a gap between
two electric-conductors.

[0043] Connection/Connected: The connection may
indicate a mechanical connection relationship or a phy-
sical connection relationship. For example, a connection
between A and B or A being connected to B may mean
that there is a fastening component (for example, a
screw, a bolt, or a rivet) between A and B, or mean that
A and B are in contact with each other and A and B are
difficult to be separated.

[0044] 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.
[0045] Capacitor: The capacitor may be understood as
a lumped capacitor and/or a distributed capacitor. The
lumped capacitor is a capacitive component, for exam-
ple, a capacitive element, and the distributed capacitor
(or a distributed capacitor) is an equivalent capacitor
formed due to a gap between two electric-conductors.
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[0046] Resonance/Resonance frequency: The reso-
nance frequency is also referred to as a resonant fre-
quency. The resonance frequency may be a frequency at
which animaginary part of an antennainputimpedance is
zero. The resonance frequency may have a frequency
range, namely, a frequency range in which resonance
occurs. A frequency corresponding to a strongest reso-
nance point is a center frequency. A return loss of the
center frequency may be less than -20 dB.

[0047] Resonant frequency band/Communication fre-
quency band/Operating frequency band: Regardless ofa
type of an antenna, the antenna operates in a specific
frequency range (bandwidth). For example, an operating
frequency band of an antenna supporting a B40 fre-
quency band includes a frequency ranging from 2300
MHz to 2400 MHz. In other words, the operating fre-
quency band of the antenna includes a B40 frequency
band. A frequency range that meets an indicator require-
ment may be considered as the operating frequency
band of the antenna.

[0048] Electrical length: The electrical length may be a
ratio of a physical length (namely, a mechanical length or
a geometric length) to a wavelength of a transmitted
electromagnetic wave. The electrical length may satisfy
the following formula:

=L
A

[0049] Inthe formula, L is a physical length, and 1 is a
wavelength of an electromagnetic wave.

[0050] Wavelength: The wavelength, or an operating
wavelength, may be a wavelength corresponding to a
center frequency of a resonance frequency or a center
frequency of an operating frequency band supported by
an antenna. For example, it is assumed that a center
frequency of a B1 uplink frequency band (with a reso-
nance frequency ranging from 1920 MHz to 1980 MHz) is
1955 MHz. In this case, the operating wavelength may be
a wavelength calculated by using the frequency of 1955
MHz. The operating wavelength is not limited to the
center frequency, and may alternatively be a wavelength
corresponding to a resonance frequency or a frequency
of an operating frequency band other than a center
frequency.

[0051] It should be understood that, the wavelength
(operating wavelength) may be understood as a wave-
length of an electromagnetic wave in a dielectric. For
example, a wavelength of an electromagnetic wave gen-
erated by a radiator and transmitted in a dielectric and a
wavelength of the electromagnetic wave transmitted in a
vacuum satisfy the following formula:

2=

\[(C:'—,-'
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[0052] Inthe formula, 4, is the wavelength of the elec-
tromagnetic wave in the dielectric, 4, is a wavelength of
the electromagnetic wave in a vacuum, and ¢,is arelative
dielectric constant of the dielectric in a dielectric layer.
The wavelength in embodiments of this application is
usually a dielectric wavelength, and may be a dielectric
wavelength corresponding to the center frequency of the
resonance frequency, or a dielectric wavelength corre-
sponding to the center frequency of the operating fre-
quency band supported by the antenna. Forexample, itis
assumed thata center frequency of a B1 uplink frequency
band (with a resonance frequency ranging from 1920
MHz to 1980 MHz) is 1955 MHz. In this case, the wave-
length may be a dielectric wavelength calculated by using
the frequency of 1955 MHz. The dielectric wavelength is
not limited to the center frequency, and may alternatively
be a dielectric wavelength corresponding to a resonance
frequency or a frequency of an operating frequency band
otherthan acenterfrequency. Forease of understanding,
the dielectric wavelength mentioned in embodiments of
this application may be simply calculated by using a
relative dielectric constant of the dielectric filled on one
or more sides of the radiator.

[0053] A limitation on a position or a distance, such as
middle or a middle position, mentioned in embodiments
of this application, depends on a current process, and is
not absolutely and strictly defined in a mathematical
sense. For example, a middle (position) of a conductor
may be a segment that is of a conductor and thatincludes
a midpoint on the conductor, for example, the middle
(position) of the conductor may be a segment that is of
the conductor and whose distance from the midpoint on
the conductor is less than a predetermined threshold (for
example, 1 mm, 2 mm, or 2.5 mm).

[0054] Total efficiency (total efficiency) of an antenna:
The total efficiency is a ratio of input power to output
power at an antenna port.

[0055] Radiation efficiency (radiation efficiency) of an
antenna: The radiation efficiency is a ratio of power
radiated by an antenna to space (namely, power for
effectively converting an electromagnetic wave) to active
power input to the antenna. Active power input to the
antenna=Input power of the antenna-Loss power. The
loss power mainly includes return loss power and metal
ohmic loss power and/or dielectric loss power. The radia-
tion efficiency is a value for measuring a radiation cap-
ability of an antenna. The metal loss and dielectric loss
are both factors that affect the radiation efficiency.
[0056] A person skilled in the art may understand that
the efficiency is usually indicated by a percentage, and
there is a corresponding conversion relationship be-
tween the efficiency and dB. Efficiency closer to 0 dB
indicates better antenna efficiency.

[0057] Antenna pattern: The antenna pattern is also
referred to as aradiation pattern. The antenna patternis a
pattern in which a relative field strength (normalized
modulus value) of an antenna radiation field changes
with a direction at a specific distance from an antenna.

10

15

20

25

30

35

40

45

50

55

The antenna pattern is usually represented by two plane
patterns that are perpendicular to each other in a max-
imum radiation direction of the antenna.

[0058] 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.

[0059] Antenna return loss: The antenna return loss
may be understood as a ratio of power of a signal re-
flected 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 the an-
tenna into space and higher radiation efficiency of the
antenna. A larger reflected signal indicates a smaller
signal radiated through the antenna into space and lower
radiation efficiency of the antenna.

[0060] The antennareturnloss may be represented by
an S11 parameter, and S11 is one of S-parameters. S11
indicates a reflection coefficient, and the parameter in-
dicates transmit efficiency of the antenna. The S11 para-
meter is usually a negative number. A smaller value of the
S11 parameter indicates a smaller return loss of the
antenna and less energy reflected back through the
antenna, in other words, more energy actually enters
the antenna and total efficiency of the antenna is higher.
A larger value of the S11 parameter indicates a larger
return loss of the antenna and lower total efficiency of the
antenna.

[0061] Itshould be notedthat,-6 dBisusuallyusedasa
standard value of S11 in engineering. When the value of
S11 of the antenna is less than -6 dB, it may be consid-
ered that the antenna can operate normally, or it may be
considered that transmit efficiency of the antenna is
good.

[0062] Ground, or ground plane: The ground may gen-
erally mean at least a part of any grounding plane, any
grounding plate, any grounding metal layer, or the like of
an electronic device (for example, a mobile phone), or at
least a part of any combination of the grounding plane,
the grounding plate, a grounding component, or the like.
"Ground" may be used for grounding of a component of
the electronic device. In an embodiment, "ground" may
be a grounding plane of a circuit board of an electronic
device, or may be a grounding plate formed by a middle
frame of the electronic device or a grounding metal layer
formed by a metal film below a screen of the electronic
device. In an embodiment, the circuit board may be a
printed circuit board (printed circuit board, PCB), for
example, an 8-layer board, a 10-layer board, a 12-layer
board, a 13-layer board, or a 14-layer board respectively
having 8, 10, 12, 13, or 14 layers of conductive materials,
or an element that is separated and electrically insulated
by a dielectric layer or an insulation layer, for example,
glass fiber or polymer. In an embodiment, the circuit
board includes a dielectric substrate, a grounding plane,
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and a cable layer, where the cable layer and the ground-
ing plane may be electrically connected through a via.
[0063] Any one of the grounding plane, the grounding
plate, or the grounding metal layer is made of a conduc-
tive material. In an embodiment, the conductive material
may be any one of the following materials: copper, alu-
minum, 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 insula-
tion substrate, cloth impregnated with graphite powder, a
graphite-coated substrate, a copper-plated substrate, a
brass-plated substrate, and an aluminum-plated sub-
strate.

[0064] A person skilled in the art may understand that
the grounding plane/grounding plate/grounding metal
layer may alternatively be made of another conductive
material.

[0065] The technical solution provided in this applica-
tion is applicable to wearable devices using one or more
of the following communication technologies: a BT com-
munication technology, a global positioning system (glo-
bal positioning system, GPS) communication technol-
ogy, a wireless fidelity (wireless fidelity, Wi-Fi) commu-
nication technology, a global system for mobile commu-
nications (global system for mobile communications,
GSM) communication technology, a wideband code divi-
sion multiple access (wideband code division multiple
access, WCDMA) communication technology, a long
term evolution (long term evolution, LTE) communication
technology, a 5th generation (5th generation, 5G) com-
munication technology, or other future communication
technologies.

[0066] FIG.1(a)toFIG. 1(c)arediagrams ofastructure
of a wearable device according to an embodiment of this
application. An example of a wireless earphone is used
for description.

[0067] FIG. 1(a)toFIG.1(c)arediagrams ofa structure
of a wireless earphone 100. The wireless earphone 100
may be, for example, a TWS Bluetooth earphone. The
wireless earphone 100 may be divided into an earbud
portion 1 and an earbud stem portion 2. The earbud
portion 1 is connected to one end of the earbud stem
portion 2. The earbud 1 may be accommodated or em-
bedded in an auricle of a user. The earbud stem portion 2
may be mounted at an edge of the auricle of the user, and
is located at a periphery of the auricle of the user.
[0068] AsshowninFIG. 1(a)andFIG. 1(c), the earbud
stem portion 2 may be further divided into a connection
segment 21 connected to the earbud portion 1, and a top
segment 22 and a bottom segment 23 located on two
sides of the connection segment21. The top segment 22,
the connection segment 21, and the bottom segment 23
of the earbud stem portion 2 are sequentially arranged in
a longitudinal direction of the wireless earphone. In this
application, the longitudinal direction may be an exten-
sion direction of the earbud stem portion 2 (a Y axis
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shown in FIG. 1(a)) or a length direction of the earbud
stem portion 2. Two ends in the longitudinal direction may
be a top end and the bottom end respectively. The top
segment 22, the connection segment 21, and the bottom
segment 23 may be an integrated structure or a split
structure.

[0069] AsshowninFIG. 1(b),the earbud stem portion 2
may be further divided into the connection segment 21
connected to the earbud portion 1, and the bottom seg-
ment 23 located on one side of the connection segment
21. The connection segment 21 is connected between
the earbud portion 1 and the bottom segment 23. The
connection segment 21 and the bottom segment 23 are
distributed in a longitudinal direction of the wireless ear-
phone 100. In other words, in this application, the wire-
less earphone 100 may or may not have the top segment
22 shown in FIG. 1(a) and FIG. 1(c).

[0070] As shown in FIG. 1(a) and FIG. 1(b), the wire-
less earphone 100 may include a casing 10. The casing
10 may be configured to accommodate various compo-
nents of the wireless earphone 100. The casing 10 may
include a main housing 101, a bottom housing 102, and a
side housing 103.

[0071] The main housing 101 may cover a part of the
bottom segment 23 of the earbud stem portion 2, the
connection segment 21 of the earbud stem portion 2, the
top segment 22 of the earbud stem portion 2, and a part
thatis of the earbud portion 1 and that is connected to the
connection segment 21. The main housing 101 may form
a first opening 1011 at the bottom segment 23 of the
earbud stem portion 2, and may form a second opening
1012 at the earbud portion 1. The first opening 1011 and
the second opening 1012 may be used to mount compo-
nents in the wireless earphone 100.

[0072] The bottom housing 102 may be located at the
bottommost of the bottom segment 23 of the earbud stem
portion 2. The bottom housing 102 may be fastened to the
main housing 101 through the first opening 1011. In a
possible implementation, a connection between the bot-
tom housing 102 and the main housing 101 is a detach-
able connection (for example, a snap-fit connection or a
threaded connection), to facilitate subsequent repair (or
maintenance) of the wireless earphone 100. In another
possible implementation, a connection between the bot-
tom housing 102 and the main housing 101 may be a non-
detachable connection (for example, gluing), to reduce a
risk of accidental falling of the bottom housing 102, and
therefore help improve reliability of the wireless earphone
100.

[0073] The side housing 103 may be located on a side
that is of the earbud portion 1 and that is away from the
earbud stem portion 2. The side housing 103 may be
fastened to the main housing 101 through the second
opening 1012. In a possible implementation, a connec-
tion between the side housing 103 and the main housing
101 is a detachable connection (for example, a snap-fit
connection or a threaded connection), to facilitate sub-
sequent repair (or maintenance) of the wireless ear-
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phone 100. In another possible implementation, a con-
nection between the side housing 103 and the main
housing 101 may alternatively be a non-detachable con-
nection (for example, gluing), to reduce a risk of acci-
dental falling of the side housing 103, and therefore help
improve reliability of the wireless earphone 100.

[0074] The side housing 103 is provided with one or
more sound outlet holes 1031, so that sound inside the
casing 10 can be transmitted to outside of the casing 10
through the sound outlet hole 1031. A shape, a position, a
quantity, and the like of the sound outlet hole 1031 may
not be limited in this application.

[0075] It should be understood that a quantity of open-
ings on the casing 10 and opening positions may not be
limited in this application. Different wireless earphones
100 may have different quantities of openings and/or
different opening positions. For example, as shown in
FIG. 1(c), the casing 10 may include a first housing 104
and a second housing 105. A third opening 1041 may be
formed on the first housing 104. The first housing 104
may be fastened to the second housing 105 through the
third opening 1041. In the example shown in FIG. 1(c),
the wireless earphone 100 may have a smaller quantity of
openings.

[0076] It should be understood that structures of the
wireless earphone 100 shownin FIG. 1(a)to FIG. 1(c) are
only some examples, and the wireless earphone 100
may have other different embodiments. The following
uses the wireless earphone 100 shown in FIG. 1(a) to
FIG. 1(c) only as an example for detailed description.
[0077] FIG. 2 is a diagram of comparison between
patterns of an antenna structure of a TWS earphone in
different cases. (a) in FIG. 2 shows a pattern of an
antenna structure of the TWS earphone in a case in
which a user does not wear the TWS earphone, and
(b) in FIG. 2 shows a pattern of the antenna structure
of the TWS earphone in a case in which the user wears
the TWS earphone.

[0078] Becausethe TWS earphoneiswornonan ear of
the user and close to a head of the user, a human body
greatly absorbs energy radiated from the antenna struc-
ture of the earphone, and a pattern of the antenna struc-
ture changes. In addition, due to reflection effect, the
antenna structure of the earphone generates, on a side
close to the human head, a node with very poor radiation
performance, as shown in (b) in FIG. 2, which causes a
stuttering problem during use of the user and reduces
user experience. It should be understood that a node of a
pattern of the antenna structure may be considered as a
smaller value of a gain in the pattern of the antenna
structure, or may be considered as a region in which a
gain in the pattern of the antenna structure is less than a
threshold, and the pattern of the antenna structure may
have a plurality of nodes due to different antenna struc-
tures and different environments in which the antenna
structure is located.

[0079] In addition, when interference occurs around
the user after the TWS earphone is worn on the ear of the
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user, for example, when another electronic device sends
an electrical signal in a Bluetooth frequency band ora 2.4
GHz Wi-Fi signal that has a same frequency as the
Bluetooth frequency band, interference is caused to
use of the TWS earphone by the user. The same problem
is also encountered in other wearable devices such as a
smartwatch and smart glasses worn by the user.
[0080] Due to the foregoing problem, an antenna of a
wearable device has an urgent requirement for pattern
switching.

[0081] The antenna structure provided in embodi-
ments of this application may include an antenna element
1 and an antenna element 2. A pattern, of the antenna
element 1, generated when the user wears the earphone
is a pattern 1in FIG. 3, a pattern, of the antenna element
2, generated when the user wears the earphone is a
pattern 2 in FIG. 3, and the pattern 1 and the pattern 2
are two complementary patterns. The earphone can
switch between the antenna element 1 and the antenna
element 2 based on sensitivity of the antenna elements
when a packetloss ratiois lowerthan athreshold, so as to
switch between the two complementary patterns. A posi-
tion of a node of an original single antenna pattern is
complemented, and a combined dual antenna pattern
compensates for a small gain of either single antenna
patternatanode. Thisimproves overall over-the-air (over
the air, OTA) performance of the antenna structure. It
should be understood that two complementary patterns
may be understood as that nodes of the two patterns are
not in an identical direction, that is, the nodes do not
overlap. The packet loss ratio may be understood as a
ratio of lost data packets in a process in which an elec-
tronic device receives data packets. When the packet
loss ratio is greater than the threshold, it may be deter-
mined that the current antenna structure is greatly af-
fected by an environment and radiation characteristics of
the antenna structure are poor. The combined pattern is
formed by combining at least two patterns for ease of
understanding, and the combined pattern may be under-
stood as that a gain at any angle is a larger value of gains
corresponding to the angle in the at least two patterns. It
should be understood that a combined pattern of two
complementary patterns may increase at least a gain of
either pattern at a node.

[0082] FIG. 4 is a diagram of an antenna 201 (which
may also be referred to as the antenna 201).

[0083] As shown in FIG. 4, the antenna 201 may in-
clude a radiator 211, a PCB 220, a feed unit 230, and a
switch 240.

[0084] The radiator 211 may be formed by using a
metal part of a casing of the wearable device. The ra-
diator 211 may be disposed opposite to the PCB 220.
That the radiator 211 is disposed opposite to the PCB 220
may be understood as that the radiator 211 and the PCB
220 face each other. The feed unit 230 is electrically
connected between a first end of the radiator 211 and
aground plane (for example, a metal layer 211 in the PCB
220). The switch 240 is electrically connected between a
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second end of the radiator 211 and the ground plane.
[0085] Inthe antenna 201 showninFIG.4,an electrical
connection state between the metal layer 221 and the
second end of the radiator 211 is switched via the switch
240, so that different operating modes of the antenna
radiator in a same frequency band can be implemented.
The radiator 211 in different operating modes may be
considered as corresponding different antenna ele-
ments, for example, including a first antenna element
and a second antenna element. The first antenna ele-
ment and the second antenna element share the radiator
211. When the switch 240 is in a first switch state (for
example, a turned-on state), the second end of the ra-
diator 211 and the metal layer 221 are in afirst connection
state (for example, an electrical connection state), and a
second end of the metal partis grounded via a first switch,
a part of the metal part 211 or the entire metal part 211 is
used as a radiator of the first antenna element. In this
case, the first element may be a left-handed antenna ora
loop (loop) antenna. When the switch 240 is in a second
switch state (for example, a turned-off state), the second
end of the radiator 211 and the metal layer 221 are in a
second connection state (for example, a second end of
the metal part 211 and the metal layer 221 are not con-
nected, that is, no electrical connection is formed, and no
electrical signal is transmitted), the second end of the
radiator 211 is not grounded via the switch 240, and a part
of the radiator 211 or the entire radiator 211 is used as a
radiator of the second antenna element. In this case, the
second element may be a monopole antenna.

[0086] Therefore, a state of the switch 240 may be
controlled, so that the antenna 201 can be controlled
to switch between the first antenna element and the
second antenna element. The first antenna element
and the second antenna element each use the radiator
211 as a radiator to generate radiation. Patterns of the
first antenna element and the second antenna element
are complementary to each other.

[0087] However, in the antenna structure, when the
switch 240 switches between the first switch state and the
second switch state, a mode difference between the first
antenna element and the second antenna element is
large (the first element is a left-handed antenna or a loop
(loop) antenna, and the second antenna element is a
monopole antenna). Therefore, to ensure a good radia-
tion characteristic of the antenna structure, a switch 241
further needs to be disposed between the feed unit 230
and the radiator 211, to switch between different match-
ing corresponding to the first antenna element and the
second antenna element.

[0088] Because space in the wearable device is com-
pact, it is difficult to lay out a plurality of switches in the
limited space. Therefore, it is difficult to implement the
antenna shown in FIG. 4 in the wearable device.
[0089] This application provides a wearable device
that may include an antenna. The antenna has a simple
structure, and can switch a pattern while ensuring a good
radiation characteristic of the antenna, to improve an
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anti-interference capability of the wearable device.
[0090] First, FIG. 5 to FIG. 8 describe four antenna
modes in this application. FIG. 5 is a diagram of a com-
mon-mode structure of a wire antenna and correspond-
ing distribution of currents and electric fields according to
this application. FIG. 6 is a diagram of a differential-mode
structure of another wire antenna and corresponding
distribution of currents and electric fields according to
this application. FIG. 7 is a diagram of a common-mode
structure of a slot antenna and corresponding distribution
of currents, electric fields, and magnetic currents accord-
ing to this application. FIG. 8 is a diagram of a differential-
mode structure of another slot antenna and correspond-
ing distribution of currents, electric fields, and magnetic
currents according to this application.

1. Common mode (common mode, CM) of a wire an-
tenna

[0091] (a)inFIG.5showsacaseinwhicharadiatorofa
wire antenna 40 is connected to a ground (for example, a
ground plane, which may be a PCB) through a feed line
42. The wire antenna 40 is connected to a feed unit (not
shown) at a middle position 41, and symmetrical feed
(symmetrical feed) is used. The feed unit may be con-
nected to the middle position 41 of the wire antenna 40
through the feed line 42. It should be understood that the
symmetrical feed may be understood as that one end of
the feed unit is connected to the radiator and the other
endis grounded. A joint (feed point) between the feed unit
and the radiator is in a center of the radiator. The center of
the radiator may be, for example, a midpoint of an inte-
grated structure, or a midpoint of an electrical length (ora
region within a specific range near the midpoint).
[0092] The middle position 41 of the wire antenna 40,
for example, the middle position 41, may be a geometric
center of the wire antenna, or a midpoint of an electrical
length of the radiator, for example, a joint between the
feed line 42 and the wire antenna 40 covers the middle
position 41.

[0093] (b)in FIG. 5 shows distribution of currents and
electric fields of the wire antenna 40. As shown in (b) in
FIG. 5, currents are symmetrically distributed, for exam-
ple, reversely distributed, on two sides of the middle
position 41. The electric fields are codirectionally distrib-
uted on two sides of the middle position 41. As shown in
(b)inFIG. 5, currents are codirectionally distributed at the
feed line 42. Based on codirectional distribution of the
currents at the feed line 42, the feeding shown in (a) in
FIG. 5 may be referred to as CM feeding for the wire
antenna. Based on symmetrical distribution of currents
on two sides of a joint between the radiator and the feed
line 42, the wire antenna mode shown in (b) in FIG. 5 may
be referred to as a CM mode of the wire antenna (or may
be referred to as a CM mode for short, forexample, for the
wire antenna, the CM mode is a CM mode of the wire
antenna). The current and the electric field shown in (b)in
FIG. 5 may be referred toas a CM mode currentand a CM
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mode electric field of the wire antenna.

[0094] The CM mode currentand the CM mode electric
field of the wire antenna are generated by using two stubs
(for example, two horizontal stubs) on two sides of the
middle position 41 of the wire antenna 40 as an antenna
operating in a quarter-wavelength mode. The current is
strong at the middle position 41 of the wire antenna 40
and weak at two ends of the wire antenna 40. The electric
field is weak at the middle position 41 of the wire antenna
40 and strong at two ends of the wire antenna 40.

2. Differential mode (differential mode, DM) of a wire
antenna

[0095] (a)inFIG.6 shows acase in which two radiators
of a wire antenna 50 are connected to a ground (for
example, a ground plane, which may be a PCB) through
afeedline 52. The wire antenna 50 is connected to a feed
unit at a middle position 51 between the two radiators,
and anti-symmetrical feed (anti-symmetrical feed) is
used. One end of the feed unit is connected to one of
the radiators through the feed line 52, and the other end of
the feed unit is connected to the other of the radiators
through the feed line 52. The middle position 51 may be a
geometric center of the wire antenna, or a slot between
the radiators.

[0096] It should be understood that, "central anti-sym-
metrical feed" mentioned in this application may be un-
derstood as that a positive electrode and a negative
electrode of the feed unit are respectively connected to
two joints near the midpoint of the radiator. Signals output
from the positive electrode and the negative electrode of
the feed unit are same in amplitude and are opposite in
phase. For example, a phase difference is 180°+10°.
[0097] (b)in FIG. 6 shows distribution of currents and
electric fields of the wire antenna 50. As shown in (b) in
FIG. 6, currents are asymmetrically distributed, for ex-
ample, codirectionally distributed, on two sides of the
middle position 51 of the wire antenna 50. The electric
fields are reversely distributed on two sides of the middle
position 51. As shown in (b) in FIG. 6, currents are
reversely distributed at the feed line 52. Based onreverse
distribution of the currents at the feed line 52, the feeding
shownin (a)in FIG. 6 may be referred to as DM feeding for
the wire antenna. Based on asymmetrical distribution (for
example, codirectional distribution) of currents on two
sides of a joint between the radiator and the feed line 52,
the wire antenna mode shown in (b) in FIG. 6 may be
referred to as a DM mode of the wire antenna (or may be
referred to as a DM mode for short, for example, for the
wire antenna, the DM mode is a DM mode of the wire
antenna). The currentand the electric field shown in (b) in
FIG. 6 may be referred to as a DM mode currentand a DM
mode electric field of the wire antenna.

[0098] The DM mode currentand the DM mode electric
field of the wire antenna are generated by using the entire
wire antenna 50 as an antenna operating in a half-wa-
velength mode. The current is strong at the middle posi-
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tion 51 of the wire antenna 50 and weak at two ends of the
wire antenna 50. The electric field is weak at the middle
position 51 of the wire antenna 50 and strong at two ends
of the wire antenna 50.

[0099] It should be understood that the radiator of the
wire antenna may be understood as a metal mechanical
part that generates radiation, and a quantity of the radia-
tor may be one, as shown in FIG. 5, or may be two, as
shown in FIG. 6, and may be adjusted according to an
actual design or a production requirement. For example,
in the CM mode of the wire antenna, two radiators may
also be used as shown in FIG. 6, two ends of the two
radiators are disposed opposite to each other and are
spaced by a slot, and symmetrical feed is used for two
ends that are close to each other, for example, a same
feeding source signal is fed into each of two ends of the
two radiators that are close to each other, so that effect
similar to that of the antenna structure shown in FIG. 5
may also be achieved. Correspondingly, in the DM mode
of the wire antenna, one radiator may also be used as
shown in FIG. 5, two feed points are provided at the
middle position of the radiator, and anti-symmetrical feed
is used, for example, signals in a same amplitude and
opposite phases are respectively fed at two symmetrical
feed points on the radiator, so that effect similar to that of
the antenna structure shown in FIG. 6 may also be
achieved.

3. CM mode of a slot antenna

[0100] A slotantenna 60 shownin (a)in FIG.7 may be
formed by a hollowed-out slit or slot 61 in a radiator of the
slot antenna, or formed by a radiator of the slot antenna
and a ground (for example, a ground plane, which may be
a PCB) enclosing the slit or slot 61. The slit 61 may be
formed by slitting on the ground plane. An opening 62 is
disposed on one side of the slit 61, and the opening 62
may be specifically disposed in a middle position of the
side. The middle position of the side of the slit 61 may be,
for example, a geometric midpoint of the slot antenna, or
a midpoint of an electrical length of the radiator. For
example, a region of the opening 62 on the radiator
covers the middle position of the side. A feed unit may
be connected to the opening 62, and anti-symmetrical
feed is used. It should be understood that the anti-sym-
metrical feed may be understood as that a positive elec-
trode and a negative electrode of the feed unit are re-
spectively connected to two ends of the radiator. Signals
output from the positive electrode and the negative elec-
trode of the feed unit are same in amplitude and are
opposite in phase. For example, a phase difference is
180°+10°.

[0101] (b) in FIG. 7 shows distribution of currents,
electric fields, and magnetic currents of the slot antenna
60. As shown in (b) in FIG. 7, currents are codirectionally
distributed around the slit61 on a conductor (forexample,
a ground plane and/or a radiator 60) around the slit 61i.
Electric fields are reversely distributed on two sides of a
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middle position of the slit 61. Magnetic currents are
reversely distributed on two sides of the middle position
of the slit 61. As shown in (b) in FIG. 7, electric fields are
codirectional at the opening 62 (for example, a feeding
position), and magnetic currents are codirectional at the
opening 62 (for example, the feeding position). Based on
codirectional magnetic currents at the opening 62 (the
feeding position), the feeding shown in (a) in FIG. 7 may
be referred to as CM feeding for the slot antenna. Based
on asymmetrical distribution of currents on the radiator
ontwo sides of the opening 62 (for example, codirectional
distribution), or based on codirectional distribution of
currents around the slit 61 on the conductor around the
slit 61, the slot antenna mode shown in (b) in FIG. 7 may
be referred to as a CM mode of the slot antenna (or may
be referred to as a CM mode for short, forexample, for the
slot antenna, the CM mode is a CM mode of the slot
antenna). Distribution of the electric fields, the currents,
and the magnetic currents shown in (b) in FIG. 7 may be
referred to as a CM mode electric field, a CM mode
current, and a CM mode magnetic current of the slot
antenna.

[0102] The CM mode currentandthe CM mode electric
field of the slot antenna are generated by using the slot
antenna on two sides of the middle position of the slot
antenna 60 as an antenna operating in a half-wavelength
mode. The magneticfield is weak at the middle position of
the slot antenna 60 and strong at two ends of the slot
antenna 60. The electric field is strong at the middle
position of the slot antenna 60 and weak at two ends
of the slot antenna 60.

4. DM mode of a slot antenna

[0103] Aslotantenna 70 shownin(a)in FIG. 8 may be
formed by a hollowed-out slit or slot 72 in a radiator of the
slot antenna, or formed by a radiator of the slot antenna
and a ground (for example, a ground plane, which may be
a PCB) enclosing the slit or slot 72. The slit 72 may be
formed by slitting on the ground plane. A feed unit is
connected to a middle position 71 of the slit 72, and
symmetrical feed is used. It should be understood that
the symmetrical feed may be understood as that one end
of the feed unit is connected to the radiator and the other
end is grounded. A joint (feed point) between the feed unit
and the radiator is in a center of the radiator. The center of
the radiator may be, for example, a midpoint of an inte-
grated structure, or a midpoint of an electrical length (ora
region within a specific range near the midpoint). A mid-
dle position of one side edge of the slit 72 is connected to
a positive electrode of the feed unit, and a middle position
of the other side edge of the slit 72 is connected to a
negative electrode of the feed unit. The middle position of
the side edge of the slit 72 may be, for example, a middle
position of the slot antenna 60/middle position of the
ground, for example, a geometric midpoint of the slot
antenna, or a midpoint of an electrical length of the
radiator. For example, a joint between the feed unit
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and the radiator covers the middle position 51 of the side.
[0104] (b) in FIG. 8 shows distribution of currents,
electric fields, and magnetic currents of the slot antenna
70.As shownin (b)in FIG. 8, onaconductor (forexample,
a ground plane and/or a radiator 60) around the slit 72,
currents are distributed around the slit 72, and are re-
versely distributed on two sides of the middle position of
the slit 72. Electric fields are codirectionally distributed on
two sides of the middle position 71. Magnetic currents are
codirectionally distributed on two sides of the middle
position 71. Magnetic currents are reversely distributed
atthe feed unit (notshown). Based onreverse distribution
of the magnetic currents at the feed unit, the feeding
shown in (a) in FIG. 8 may be referred to as DM feeding
for the slot antenna. Based on symmetrical distribution
(for example, reverse distribution) of currents on two
sides of the joint between the feed unit and the radiator,
or based on symmetrical distribution (for example, re-
verse distribution) of currents around a slot 71, the slot
antennamode shownin (b)in FIG. 8 may be referred to as
a DM mode of the slot antenna (or may be referred to as a
DM mode for short, for example, for the slot antenna, the
DM mode is a DM mode of the slot antenna). Distribution
of the electric fields, the currents, and the magnetic
currents shown in (b) in FIG. 8 may be referred to as a
DM mode electric field, a DM mode current, and a DM
mode magnetic current of the slot antenna.

[0105] The DM mode currentand the DM mode electric
field of the slot antenna are generated by using the entire
slot antenna 70 as an antenna operating in a one-wave-
length mode. The currentis weak at the middle position of
the slot antenna 70 and strong at two ends of the slot
antenna 70. The electric field is strong at the middle
position of the slot antenna 70 and weak at two ends
of the slot antenna 70.

[0106] It should be understood that the radiator of the
slot antenna may be understood as a metal mechanical
part (for example, including a part of the ground plane)
that generates radiation, may include an opening shown
in FIG. 7 or may be a complete loop shown in FIG. 8, and
may be adjusted based on an actual design or a produc-
tion requirement. For example, in the CM mode of the slot
antenna, the complete loop radiator may also be used as
shown in FIG. 8, two feed points are provided at the
middle position of the radiator on one side of the slit
61, and anti-symmetrical feed is used, for example, sig-
nals in a same amplitude and opposite phases are re-
spectively fed into two ends of an original opening posi-
tion, so that effect similar to that of the antenna structure
shown in FIG. 7 may also be achieved. Correspondingly,
in the DM mode of the slot antenna, a radiator including
an opening may also be used as shown in FIG. 7, and
symmetrical feed is used at two ends of the opening
position, for example, a same feeding source signal is
separately fed into two ends of the radiator on two sides of
the opening, so that effect similar to that of the antenna
structure shown in FIG. 8 may also be achieved.
[0107] FIG. 9is a diagram of a structure of an antenna
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300 according to an embodiment of this application. The
antenna may be used in the electronic device shown in
FIG. 1(a) to FIG. 1(c).

[0108] AsshowninFIG. 9, the antenna 300 includes a
first radiator 310, a second radiator 320, a first electronic
element 341, a feed unit 330, and a switch 340.

[0109] The first radiator 310, the second radiator 320,
the feed unit 330, and the switch 340 may be disposed in
the casing 10 of the wearable device shownin FIG. 1(a) to
FIG. 1(c). In an embodiment, the first radiator 310, the
second radiator 320, the feed unit 330, and the switch 340
may be disposed on the earbud stem portion 2 of the
wearable device shown in FIG. 1(a) to FIG. 1(c).
[0110] Anend of the first radiator 310 and an end of the
second radiator 320 are opposite to each other and are
not in contact with each other. In an embodiment, a
second end of the first radiator 310 and a second end
of the second radiator 320 are opposite to each other and
are not in contact with each other. The second end of the
first radiator 310 and the second end of the second
radiator 320 are open ends. The open ends may be
understood as that an end of the radiator is not connected
to another conductor. For brevity of description, in an
embodiment, an example in which the second end of the
first radiator 310 and the second end of the second
radiator 320 face each other is merely used for descrip-
tion.

[0111] Afirstend ofthefirstradiator 310 includes afeed
point 311, and the feed unit 330 is electrically connected
to the first radiator 310 at the feed point 311. A first end of
the second radiator 320 includes a ground point 321, and
the switch 340 is electrically connected between the
second radiator 320 and a ground plane 301 at the
ground point 321. The first electronic element 341 is
electrically connected between the switch 340 and the
ground plane 301.

[0112] When the switch 340 is in a first switch state, an
operating frequency band of the antenna 300 includes a
first frequency band, and the antenna 300 generates a
first pattern. When the switch 340 is in a second switch
state, an operating frequency band of the antenna 300
includes a first frequency band, and the antenna gener-
ates a second pattern. The first pattern and the second
pattern are complementary to each other.

[0113] Inanembodiment, when the switch 340isin the
first switch state (for example, a turned-on state), the first
end of the second radiator 320 is grounded via the switch
340. When the switch 340 is in the second switch state
(for example, a turned-off state), the first end of the
second radiator 320 is not grounded via the switch 340.
[0114] According to the technical solution provided in
this embodiment of this application, an electrical connec-
tion state of the switch 340 is adjusted to control an
electrical connection state between the first end of the
second radiator 320 and the ground plane 301, to change
an operating mode of the antenna 300, so that switching
between two complementary patterns is implemented in
different operating modes of the antenna 300. In an
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embodiment, as shown in FIG. 9, when the switch 340
is in the second switch state (for example, the turned-off
state), the antenna 300 may be used as the first antenna
element, and an operating mode of the antenna 300 is the
CM mode of the wire antenna. When the switch 340 is in
the first switch state (for example, the turned-on state),
the antenna 300 may be used as the second antenna
element, and an operating mode of the antenna 300 is a
hybrid mode of the CM mode and the DM mode of the slot
antenna. Both a resonance generated by the first anten-
na element and a resonance generated by the second
antenna element can support the wearable device in
performing communication in the first frequency band,
the first pattern generated by the first antenna elementin
the CM mode and the complementary second pattern
generated by the second antenna element in a hybrid
mode may implement switching of patterns of the anten-
na.

[0115] In an embodiment, no switch is disposed be-
tween the feed unit 330 and the first radiator 310, or no
switch is disposed between the feed unit 330 and the
ground plane 301. In the technical solution provided in
this embodiment of this application, the first antenna
element and the second antenna element are switched
by adjusting the electrical connection state of the switch
340. Because the operating modes of the first antenna
element and the second antenna element are close, an
additional switch does not need to be disposed atthe feed
unit 330 to switch matching networks corresponding to
operating modes of different antenna elements (for ex-
ample, a capacitor is connected in series between the
feed unit 330 and the first radiator 310, and an inductor is
connected in parallel), so that layout space occupied by
the antenna 300 can be reduced. In addition, because no
switch is disposed at the feed unit 330 to switch a match-
ing network, no additional insertion loss is caused, so that
radiation performance of the antenna is not lost.

[0116] In an embodiment, the first end of the first ra-
diator 310 cannot be understood as a point in a narrow
sense, but may further be considered as a radiator seg-
ment that is of the first radiator 310 and that includes an
endpoint (the endpoint of the first radiator 310 may be any
point on an edge of the first radiator 310). For example,
the first end may be considered as a radiator whose
distance from the endpoint is within one-sixteenth of
the first wavelength, or may be considered as a radiator
whose distance from a first endpoint is within 2 mm. The
first end or the second end of the radiator in this embodi-
ment of this application may also be correspondingly
understood. The first wavelength may be a wavelength
corresponding to the first frequency band. For example,
the first wavelength may be a wavelength corresponding
toaresonance pointin thefirstfrequency band, ormay be
a wavelength corresponding to a center frequency of the
first frequency band.

[0117] In an embodiment, the antenna 300 may be
disposed on the earbud stem portion 2 of the wearable
device shown in FIG. 1(a) to FIG. 1(c).
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[0118] In an embodiment, a distance between the first
radiator 310 and the earbud portion 1 of the wearable
device shown in FIG. 1(a) to FIG. 1(c) is less than a
distance between the second radiator 320 and the ear-
bud portion 1. The first radiator 310 may be disposedin a
region thatis of the earbud stem portion 2 and thatis close
to the earbud portion 1, and the first radiator 310 may be
used as a main radiator (a feed point is provided). In this
way, radiation is generated by using a metal component
that is in the earbud portion 1 and that is electrically
connected to the ground plane 301, toimprove a radiation
characteristic of the antenna 300.

[0119] Inanembodiment,the ground plane 301 maybe
a metal layer 351 of a PCB 350 in the wearable device,
and the metal layer 351 is used as a ground plane of the
antenna, or a conductor electrically connected to the
metal layer 351 may be used as a ground plane of the
antenna.

[0120] Inanembodiment, the first radiator 310 and the
second radiator 320 may be sheet-shaped. The metal
layer 351 may be disposed opposite to (face to face) the
first radiator 310 and the second radiator 320.

[0121] In an embodiment, the feed unit 330 and the
switch 340 may be disposed on a same substrate (for
example, the PCB 350), or may be disposed on two or
more different substrates based on a layout requirement,
for example, disposed on another PCB different from the
PCB 350 and/or a flexible printed circuit (flexible printed
circuit, FPC). This is not limited in this application, and
may be adjusted based on an actual design.

[0122] Inan embodiment, a distance between the first
radiator 310 and the ground plane 301 is greater than or
equal to 0.5 mm and less than or equal to 3 mm. In an
embodiment, the distance between the first radiator 310
and the ground plane 301 may be 1.6 mm. The distance
between the first radiator 310 and the ground plane 301
may be understood as a minimum value of a line segment
distance between a point on the first radiator 310 and a
pointon the ground plane 301, or may be understood as a
distance between the first radiator 310 and the ground
plane 301 in a first direction. The first direction may be a
direction (for example, a z direction) perpendicular to a
plane on which the first radiator 310 is located.

[0123] Inan embodiment, a distance between the end
(second end) of the first radiator 310 and the end (second
end) of the second radiator 320 that are disposed oppo-
site to each other is less than or equal to 1 mm. In an
embodiment, the distance between the end (second end)
of the first radiator 310 and the end (second end) of the
second radiator 320 may be 0.6 mm. The distance be-
tween the end (second end) of the first radiator 310 and
the end (second end) of the second radiator 320 may be
understood as a width of a slot formed between the end
(second end) of the first radiator 310 and the end (second
end) of the second radiator 320.

[0124] In an embodiment, a length L1 of the first ra-
diator 310 and a length L2 of the second radiator 320
satisfy: L1X60%<L2, orL2X60%=<L1.Inanembodiment,
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electrical lengths of the first radiator 310 and the second
radiator 320 may be the same (for example, a difference
between the electrical lengths is =10%). Due to a spatial
layout inside the wearable device, an electronic element
(forexample, a capacitor or aninductor) may be disposed
between a radiator and the ground plane, to shorten a
physical length of the radiator without changing the elec-
trical length.

[0125] Inanembodiment, the first radiator 310 and the
second radiator 320 may be arranged in parallel. In an
embodiment, the first radiator 310 and the second radia-
tor 320 may be arranged along a same straight line, and
projections of the first radiator 310 and the second ra-
diator 320 on aplane on which the ground plane is located
are arranged along a same straight line. Alternatively, in
an embodiment, the first radiator 310 and the second
radiator 320 may be arranged in a staggered manner, and
projections of the first radiator 310 and the second ra-
diator 320 on a plane on which the ground plane is located
are parallel to each other in a first direction, and are
spaced in a second direction. The first direction is an
extension direction (for example, a y direction) of the first
radiator 310 and the second radiator 320, and the second
direction (for example, an x direction) is perpendicular to
the first direction.

[0126] Inanembodiment, projections of the first radia-
tor 310 and the second radiator 320 on a plane on which
the ground plane is located are parallel to each otherin a
first direction, and a spacing in a second direction is less
than a quarter of the first wavelength, where the first
wavelength is the wavelength corresponding to the first
frequency band; or it may also be considered that a
spacing in a second direction is less than 5 mm.

[0127] In an embodiment, the first frequency band
includes a Bluetooth frequency band (2.4-2.485 GHz).
[0128] In an embodiment, when the first radiator 310
and the second radiator 320 are disposed or formed on
an inner surface of the casing, the first radiator 310 and
the second radiator 320 may be disposed on a surface
(an inner surface or an outer surface) of the casing of the
wearable device by using a patch or a laser-direct-struc-
turing (laser-direct-structuring, LDS) technology.

[0129] When the first radiator 310 and the second
radiator 320 are disposed in internal space enclosed
by the casing, the first radiator 310 and the second
radiator 320 may be implemented by using a metal layer
or a metal patch, for example, floating metal (floating
metal, FLM), an FPC, an internal conductive/mechanical
part, a PCB onboard, or the like. This is not limited in this
application.

[0130] In an embodiment, the switch 340 may be a
single-pole single-throw switch, or a switch of another
type, for example, a single-pole double-throw switch, a
single-pole four-throw switch, or a four-pole single-throw
switch that may achieve same technical effect, or an
element of another type, for example, a variable capa-
citor (an adjustable capacitor), where a capacitance of
the variable capacitor is changed to switch an electrical
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connection state between the metal layer 351 and the
second radiator 320. The variable capacitor may include
a first capacitance state and a second capacitance state
that correspond to the first switch state and to the second
switch state of the switch 340 respectively. The first
capacitance state corresponds to a first capacitance,
and the second capacitance state corresponds to a sec-
ond capacitance. Settings of the first capacitance and the
second capacitance are related to an operating fre-
quency of the antenna structure. For a Bluetooth fre-
quency band (2.4-2.485 GHz), when the first capacitance
of the variable capacitor in the first capacitance state is
less than or equal to 0.2 pF, it may be considered that the
firstend of the second radiator 320 is not connected to the
metal layer 351. When the second capacitance of the
variable capacitor in the second capacitance state is
greater than or equal to 10 pF, it may be considered that
the first end of the second radiator 320 is electrically
connected to the metal layer 351. It should be understood
that capacitances corresponding to electrical connection
states (a turned-off state or a turned-on state) between
the metal layer 351 and the second radiator 320 are
different in different frequency bands. Therefore, for an-
other frequency band, same effect may also be achieved
by adjusting a capacitance of the variable capacitor. This
is not limited in this application.

[0131] The variable capacitor is a variable capacitor
whose capacitance can be adjusted within a specific
range. The capacitance of the capacitor is calculated
as follows:

&S
Amkd

[0132] Intheformula, ¢is adielectric constant between
two plates; & is an absolute permittivity in a vacuum; k is
an electrostatic force constant; S is an area in which the
two plates are directly opposite to each other; and d is a
vertical distance between the two plates.

[0133] Therefore, aprinciple of the variable capacitoris
generally to change the areain which the two plates of the
capacitor are directly opposite to each other or the ver-
tical distance between the two plates, so as to change the
capacitance accordingly.

[0134] FIG. 11 shows S-parameters of the antenna
shown in FIG. 9.

[0135] As shown in FIG. 11, when the switch is in the
second switch state (for example, the turned-off state),
the first end of the second radiator is not grounded via the
switch. In this case, the antenna may be used as the first
antenna element, and a resonance may be generated by
the first antenna element in the CM mode.

[0136] When the switch is in the first switch state (for
example, the turned-on state), the first end of the second
radiator is grounded via the switch. In this case, the
antenna may be used as the second antenna element.
An electrical length of the radiator is determined by a
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frequency of a resonance generated by the first antenna
element when the switch is in the second switch state.
[0137] Because an electrical length of the radiator
cannot be adjusted when no electronic element is elec-
trically connected between the switch and the radiator, a
boundary condition of the hybrid mode of the CM mode
and the DM mode of the slot antenna cannot be met. In
this case, only one resonance can be generated, the
operating mode is similar to the CM mode of the first
antenna element, and the second pattern generated by
the second antenna element is similar to the first pattern
generated by the first antenna element. Because the first
pattern and the second pattern are not complementary to
each other, pattern switching cannot be implemented.
[0138] When an electronic element is electrically con-
nected between the switch and the radiator, an electrical
length of the radiator may be adjusted by using different
values (a capacitance or an inductance) of the electronic
element (an example in which the electronic element is
an inductor and an inductance is 2.2 nH is used for
description in this embodiment of this application), so
that the CM mode and the DM mode are excited to
generate two resonances (a low-frequency resonance
may correspond to the CM mode, and a high-frequency
resonance may correspond to the DM mode). In addition,
in this case, the second pattern generated by the second
antenna element and the first pattern generated by the
first antenna element are complementary to each other,
so that pattern switching can be implemented.

[0139] FIG. 12 is a distribution diagram of currents of
the antenna shown in FIG. 9.

[0140] (a)in FIG. 12 is a distribution diagram of cur-
rents of the first antenna element in a case in which the
switch is in the second switch state (for example, the
turned-off state) and the first end of the second radiator is
not grounded via the switch. In a current path, directions
of currents are not reversed, which may correspond to a
half-wavelength mode.

[0141] (b) in FIG. 12 is a distribution diagram of cur-
rents of the second antenna element in the CM mode of
the slot antennain a case in which the switch is in the first
switch state (for example, the turned-on state) and the
firstend of the second radiator is grounded via the switch.
In a current path, directions of currents are not reversed,
which may correspond to a half-wavelength mode.
[0142] (c)in FIG. 12 is a distribution diagram of cur-
rents of the second antenna element in the DM mode of
the slot antenna in a case in which the switch is in the first
switch state (for example, the turned-on state) and the
firstend of the second radiator is grounded via the switch.
In a current path, directions of currents are sequentially
reversed, which may correspond to the one-wavelength
mode.

[0143] FIG. 13 and FIG. 14 show simulation results of
the antenna shown in FIG. 9. FIG. 13 shows simulation
results of S-parameters and total efficiency of the anten-
na shown in FIG. 9. FIG. 14 shows a pattern of the
antenna shown in FIG. 9 on a yoz plane.
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[0144] As shown in FIG. 13, a value of an electronic
element may be adjusted, so that resonances generated
by the slot antenna in the CM mode and the DM mode
may be made close to each other, to form a resonant
frequency band. An operating frequency band of the first
antenna element and an operating frequency band of the
second antenna element each include a Bluetooth fre-
quency band (2.4-2.485 GHz).

[0145] Only an example in which an operating mode
corresponding to the second antenna element in the
Bluetooth frequency band (2.4-2.485 GHz) is the CM
mode of the slot antenna is used for description in this
embodiment of this application.

[0146] As shown in FIG. 13, at 2.44 GHz, total effi-
ciency of the first antenna element and total efficiency of
the second antenna element are approximately the
same, and are flat in an operating frequency range. This
meets a basic communication requirement of an antenna
in a Bluetooth frequency band.

[0147] As shown in FIG. 14, nodes of a pattern gen-
erated by the first antenna element are in directions of
about 60° and 120°. Nodes of a pattern generated by the
second antenna element are in directions of about 95°
and 70°. The pattern generated by the first antenna
element and the pattern generated by the second anten-
na element are complementary to each other.

[0148] FIG. 15shows a pattern of the antenna shownin
FIG.9inahead model and FIG. 16 shows a pattern of the
antenna shown in FIG. 9 in a human body model.
[0149] Itshould be understoodthatFIG.15andFIG. 16
show patterns corresponding to different angles of view
at 2.44 GHz in a case in which the wearable device is
worn on a left ear of a model.

[0150] (a) in FIG. 15 and (a) in FIG. 16 each are a
pattern on an xoy plane (a horizontal plane) in a case in
which the model wears the wearable device. A gain of the
first antenna element is greater than a gain (greater than
5 dB) of the second antenna element at 0° to 150°. When
aninterference signal is emitted at the angle, the antenna
element may be switched to the second antenna ele-
ment, so that the weak interference signal is received; or
when an audio signal is emitted at the angle, the antenna
element may be switched to the first antenna element, so
that the strong audio signal is received. This improves
performance of the wearable device. A gain of the second
antenna elementis greater than a gain of the firstantenna
element at 150° to 360°. In this case, switching may be
performed based on an interference signal or an audio
signal.

[0151] (b) in FIG. 15 and (b) in FIG. 16 each are a
pattern on an xoz plane in a case in which the model
wears the wearable device. In a pattern on a side away
from the model, a gain of the first antenna element is
approximately the same as a gain of the second antenna
element.

[0152] (c) in FIG. 15 and (c) in FIG. 16 each are a
pattern on ayoz plane in a case in which the model wears
the wearable device. In a pattern on a side away from the
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model, a gain of the firstantenna elementis greaterthan a
gain of the second antenna element.

[0153] FIG. 17 is a diagram of another antenna 300
according to an embodiment of this application.

[0154] As shown in FIG. 17, the antenna 300 may
further include a neutralization line 360. A first end of
the neutralization line 360 is electrically connected to the
first radiator 310 at a first position 361, and a second end
is electrically connected to the second radiator 320 at a
second position 362.

[0155] It should be understood that a difference be-
tween the antenna 300 shown in FIG. 17 and the antenna
300 shownin FIG. 9 lies only in the neutralization line 360
electrically connected between the first radiator 310 and
the second radiator 320.

[0156] Because a plurality of electronic elements are
disposed in space inside the wearable device and affect
the antenna 300, coupling between the first radiator 310
and the second radiator 320 may be affected. When the
first radiator 310 and the second radiator 320 are weakly
coupled, the first electronic element 341 electrically con-
nected between the switch 340 and the ground plane 301
may be adjusted to control a frequency difference be-
tween resonances generated by the second antenna
element in the CM mode and the DM mode, so that a
resonant frequency band generated by the second an-
tenna element includes the first frequency band. When
the first radiator 310 and the second radiator 320 are
strongly coupled, resonance points at which resonances
are generated by the second antenna element in the CM
mode and the DM mode are respectively located on two
sides of the first frequency band. In this case, the first
electronic element 341 cannot be adjusted to control a
frequency difference between resonances generated by
the second antenna elementin the CM mode and the DM
mode, and therefore a resonant frequency band gener-
ated by the second antenna element does notinclude the
first frequency band.

[0157] Therefore, when the neutralization line 360 is
electrically connected between the first radiator 310 and
the second radiator 320, an electrical length of the neu-
tralization line 360 may be controlled, so that an electrical
signal transmitted on the second radiator 320 through the
neutralization line 360 and an electrical signal spatially
coupled on the second radiator 320 are opposite in phase
(for example, a phase difference is 180°). In this way, the
two signals may cancel each other, to reduce coupling
between the first radiator 310 and the second radiator
320.

[0158] Inan embodiment, a distance between the first
position 361 and the feed point 311 is less than one
sixteenth of a first wavelength, and/or a distance between
the second position 362 and the ground point 321 is less
than one sixteenth of the first wavelength. The first wa-
velength is a wavelength corresponding to the first fre-
quency band. Alternatively, inan embodiment, a distance
between the first position 361 and the feed point 311 is
less than 3 mm, and/or a distance between the second
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position 362 and the ground point 321 is less than 3 mm.
[0159] In an embodiment, the neutralization line 360
may furtherinclude a slot. The second electronic element
342 of the antenna 300 may be electrically connected
between two sides of the slot of the neutralization line.
The second electronic element 342 may be adjusted to
control the electrical length of the neutralization line 360,
so that the electrical signal transmitted on the second
radiator 320 through the neutralization line 360 and the
electrical signal spatially coupled on the second radiator
320 (for example, the phase difference of 180°) are in
opposite phases. In this way, the two signals may cancel
each other.

[0160] In an embodiment, the second electronic ele-
ment 342 may be an inductor, and an inductance may be
greaterthan orequal to 5 nH. It should be understood that
the inductance of the second electronic element 342 may
be adjusted based on an actual design. This is not limited
in this application.

[0161] FIG. 18 and FIG. 19 each are a diagram of a
simulation result of the antenna structure shown in FIG.
17. FIG. 18 shows isolation between the first radiator and
the second radiator in the antenna shown in FIG. 17. FIG.
19 shows the simulation result of the antenna shown in
FIG. 17.

[0162] It should be understood that, for brevity of de-
scription, in this embodiment of this application, an ex-
ample in which the second electronic element 342 is an
inductor and an inductance is 5 nH is merely used for
description. In an actual application, adjustment may be
performed based on a design. This is not limited in this
application.

[0163] AsshowninFIG. 18, because the neutralization
line 360 is electrically connected between the first radia-
tor 310 and the second radiator 320, the isolation be-
tween the first radiator 310 and the second radiator 320
has a dent near a Bluetooth frequency band (2.4-2.485
GHz). Therefore, in the Bluetooth frequency band, good
isolation can be maintained between the firstradiator 310
and the second radiator 320.

[0164] As shown in FIG. 19, because good isolation
may be maintained between the first radiator 310 and the
second radiator 320, the frequency difference between
the resonances generated by the second antenna ele-
mentin the CM mode and the DM mode may be reduced,
so that the resonances generated by the second antenna
element in the CM mode and the DM mode may form a
resonant frequency band. The resonant frequency band
includes a Bluetooth frequency band (2.4-2.485 GHz).
[0165] FIG. 20 is a diagram of another antenna 300
according to an embodiment of this application.

[0166] As shown in FIG. 20, the antenna 300 may
further include a third electronic element 343, and the
third electronic element 343 may be electrically con-
nected between the end of the first radiator 310 and
the end of the second radiator 320 that are disposed
opposite to each other (for example, electrically con-
nected between a second end of the first radiator 310
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and a second end of the second radiator 320).

[0167] It should be understood that a difference be-
tween the antenna 300 shown in FIG. 17 and the antenna
300 shown in FIG. 9 lies only in the third electronic
element 343 electrically connected between the end of
the first radiator 310 and the end of the second radiator
320 that are disposed opposite to each other.

[0168] When the antenna 300 includes the third elec-
tronic element 343, the third electronic element 343 may
be controlled, so that an electrical signal transmitted on
the second radiator 320 through the third electronic ele-
ment 343 and an electrical signal spatially coupled on the
second radiator 320 are opposite in phase (forexample, a
phase difference is 180°). In this way, the two signals may
cancel each other, to reduce coupling between the first
radiator 310 and the second radiator 320.

[0169] In an embodiment, the third electronic element
343 is an inductor, and an inductance is greater than or
equal to 10 nH. It should be understood that the induc-
tance of the third electronic element 343 may be adjusted
based on an actual design. This is not limited in this
application.

[0170] FIG. 21 and FIG. 22 each are a diagram of a
simulation result of the antenna structure shown in FIG.
20.FIG. 21 shows isolation between the first radiator and
the second radiator in the antenna shown in FIG. 20. FIG.
22 shows the simulation result of the antenna shown in
FIG. 20.

[0171] It should be understood that, for brevity of de-
scription, in this embodiment of this application, an ex-
ample in which the third electronic element 343 is an
inductor and an inductance is 24 nH is merely used for
description. In an actual application, adjustment may be
performed based on a design. This is not limited in this
application.

[0172] Asshownin FIG. 21, because the third electro-
nic element 343 is electrically connected between the
first radiator 310 and the second radiator 320, the isola-
tion between the firstradiator 310 and the second radiator
320 has a dent near a Bluetooth frequency band
(2.4-2.485 GHz). Therefore, in the Bluetooth frequency
band, good isolation can be maintained between the first
radiator 310 and the second radiator 320.

[0173] As shown in FIG. 22, because good isolation
may be maintained between the first radiator 310 and the
second radiator 320, a frequency difference between
resonances generated by the second antenna element
in the CM mode and the DM mode may be reduced, so
that the resonances generated by the second antenna
element in the CM mode and the DM mode may form a
resonant frequency band. The resonant frequency band
includes a Bluetooth frequency band (2.4-2.485 GHz).
[0174] In the foregoing embodiments, an example in
which an open end (a second end) of the first radiator and
an open end (a second end) of the second radiator are
close to each other, and a ground end (an end electrically
connected to the feed unit) of the first radiator and a
ground end (an end electrically connected to the switch)
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of the second radiator are far away from each other is
used for description. The technical solution provided in
embodiments of this application may also be applied to
another dual-radiator layout manner, and are described
in the following embodiments.

[0175] FIG. 23 is a diagram of another antenna 300
according to an embodiment of this application.

[0176] As shownin FIG. 23, an end of the first radiator
310 and an end of the second radiator 320 are opposite to
each other and are not in contact with each other. In an
embodiment, a first end of the first radiator 310 and a
second end of the second radiator 320 are opposite to
each other and are not in contact with each other. A
second end of the first radiator 310 and the second
end of the second radiator 320 are open ends. The first
end of the first radiator 310 includes a feed point, and the
feed unit 330 is electrically connected to the first radiator
310 at the feed point. A first end of the second radiator
320 includes a ground point, and the switch 340 is elec-
trically connected between the second radiator 320 and
the ground plane 301 at the ground point. The first
electronic element 341 is electrically connected between
the switch 340 and the ground plane 301.

[0177] It should be understood that a difference be-
tween the antenna 300 shown in FIG. 23 and the antenna
300 shown in FIG. 17 lies only in a layout manner of the
first radiator 310 and the second radiator 320. In the
antenna 300 shown in FIG. 17, the open end (second
end) of the first radiator and the open end (second end) of
the second radiator are close to each other, and the
ground end (the end electrically connected to the feed
unit) of the first radiator and the ground end of the second
radiator (the end electrically connected to the switch) are
away from each other. However, in the antenna 300
shown in FIG. 23, a ground end of the first radiator and
an open end of the second radiator are close to each
other.

[0178] FIG. 24 shows a simulation result of total effi-
ciency of the antenna shown in FIG. 23.

[0179] It should be understood that values of the first
electronic element (in this embodiment, an inductance of
4 nH is used as an example for description) and the
second electronic element in a slot of a neutralization
line (in this embodiment, an inductance of 10 nH is used
as an example for description) that are electrically con-
nected between the switch and the ground plane are
adjusted, so that two resonances generated by the sec-
ond antenna element in a hybrid operating mode (an
operating mode of the slot antenna and an operating
mode of the wire antenna) may be made close to each
other, to form a resonant frequency band. An operating
frequency band of the first antenna element and an
operating frequency band of the second antenna element
each include a Bluetooth frequency band (2.4-2.485
GHz).

[0180] As shown in FIG. 24, at 2.44 GHz, total effi-
ciency of the first antenna element and total efficiency of
the second antenna element are approximately the
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same, and are flat in an operating frequency range. This
meets a basic communication requirement of an antenna
in a Bluetooth frequency band.

[0181] FIG. 25 and FIG. 26 show simulation results of
the antenna shown in FIG. 23. FIG. 25 is a distribution
diagram of currents of the antenna shown in FIG. 23. FIG.
26 shows a pattern of the antenna shown in FIG. 23.
[0182] (a)in FIG. 25 is a distribution diagram of cur-
rents of the first antenna element in the CM mode of the
wire antennain a case in which the switch is in the second
switch state (for example, the turned-off state) and the
first end of the second radiator is not grounded via the
switch. In a current path, directions of currents are not
reversed, which may correspond to a half-wavelength
mode. A first pattern generated by the first antenna
element at 2.44 GHz is shown in (a) in FIG. 26.

[0183] (b) in FIG. 25 is a distribution diagram of cur-
rents of the second antenna element in the hybrid mode
in a case in which the switch is in the first switch state (for
example, the turned-on state) and the first end of the
second radiator is grounded via the switch. A first pattern
generated by the second antenna element at2.44 GHzis
shown in (b) in FIG. 26.

[0184] Asshownin FIG. 26, the first pattern generated
by the first antenna element and the second pattern
generated by the second antenna element are comple-
mentary to each other, and the antenna may switch
between the first pattern and the second pattern via
the switch, to improve performance of the wearable
device.

[0185] FIG. 27 is a diagram of another antenna 300
according to an embodiment of this application.

[0186] Asshownin FIG. 27, an end of the first radiator
310 and an end of the second radiator 320 are opposite to
each other and are not in contact with each other. In an
embodiment, a second end of the first radiator 310 and a
first end of the second radiator 320 are opposite to each
other and are not in contact with each other. The second
end of the first radiator 310 and a second end of the
second radiator 320 are open ends. A first end of the first
radiator 310 includes a feed point, and the feed unit 330 is
electrically connected to the first radiator 310 at the feed
point. The first end of the second radiator 320 includes a
ground point, and the switch 340 is electrically connected
between the second radiator 320 and the ground plane
301 at the ground point. The first electronic element 341
is electrically connected between the switch 340 and the
ground plane 301.

[0187] It should be understood that a difference be-
tween the antenna 300 shown in FIG. 27 and the antenna
300 shown in FIG. 17 lies only in a layout manner of the
first radiator 310 and the second radiator 320. In the
antenna 300 shown in FIG. 17, the open end (second
end) of the first radiator and the open end (second end) of
the second radiator are close to each other, and the
ground end (the end electrically connected to the feed
unit) of the first radiator and the ground end of the second
radiator (the end electrically connected to the switch) are
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away from each other. However, in the antenna 300
shown in FIG. 27, an open end of the first radiator and
a ground end of the second radiator are close to each
other.

[0188] FIG. 28 shows a simulation result of total effi-
ciency of the antenna shown in FIG. 27.

[0189] It should be understood that values of the first
electronic element (in this embodiment, an inductance of
3.5 nH is used as an example for description) and the
second electronic elementin a slot of a neutralization line
(inthis embodiment, aninductance of 12nHisused as an
example for description) that are electrically connected
between the switch and the ground plane are adjusted, so
that two resonances generated by the second antenna
element in a hybrid operating mode (an operating mode
of the slot antenna and an operating mode of the wire
antenna) may be made close to each other, to form a
resonant frequency band. An operating frequency band
of the first antenna element and an operating frequency
band of the second antenna element each include a
Bluetooth frequency band (2.4-2.485 GHz).

[0190] As shown in FIG. 28, at 2.44 GHz, total effi-
ciency of the first antenna element and total efficiency of
the second antenna element are approximately the
same, and are flat in an operating frequency range. This
meets a basic communication requirement of an antenna
in a Bluetooth frequency band.

[0191] FIG. 29 and FIG. 30 show simulation results of
the antenna shown in FIG. 27. FIG. 29 is a distribution
diagram of currents of the antenna shown in FIG. 27. FIG.
30 shows a pattern of the antenna shown in FIG. 27.
[0192] (a) in FIG. 29 is a distribution diagram of cur-
rents of the first antenna element in the CM mode of the
wire antennain a case in which the switch is in the second
switch state (for example, the turned-off state) and the
first end of the second radiator is not grounded via the
switch. In a current path, directions of currents are not
reversed, which may correspond to a half-wavelength
mode. A first pattern generated by the first antenna
element at 2.44 GHz is shown in (a) in FIG. 30.

[0193] (b) in FIG. 29 is a distribution diagram of cur-
rents of the second antenna element in the hybrid mode
in a case in which the switch is in the first switch state (for
example, the turned-on state) and the first end of the
second radiator is grounded via the switch. A first pattern
generated by the second antenna elementat 2.44 GHz is
shown in (b) in FIG. 30.

[0194] Asshownin FIG. 30, the first pattern generated
by the first antenna element and the second pattern
generated by the second antenna element are comple-
mentary to each other, and the antenna may switch
between the first pattern and the second pattern via
the switch, to improve performance of the wearable
device.

[0195] FIG. 31 is a diagram of another antenna 300
according to an embodiment of this application.

[0196] Asshownin FIG. 31, an end of the first radiator
310 and an end of the second radiator 320 are opposite to
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each other and are not in contact with each other. In an
embodiment, a first end of the first radiator 310 and a first
end of the second radiator 320 are opposite to each other
and are not in contact with each other. A second end of
the first radiator 310 and a second end of the second
radiator 320 are open ends. The first end of the first
radiator 310 includes a feed point, and the feed unit
330 is electrically connected to the first radiator 310 at
the feed point. The first end of the second radiator 320
includes a ground point, and the switch 340 is electrically
connected between the second radiator 320 and the
ground plane 301 at the ground point. The first electronic
element 341 is electrically connected between the switch
340 and the ground plane 301.

[0197] It should be understood that a difference be-
tween the antenna 300 shown in FIG. 31 and the antenna
300 shownin FIG. 9lies onlyin a layout manner of the first
radiator 310 and the second radiator 320. In the antenna
300 shown in FIG. 9, the open end (second end) of the
firstradiator and the open end (second end) of the second
radiator are close to each other, and the ground end (the
end electrically connected to the feed unit) of the first
radiator and the ground end of the second radiator (the
end electrically connected to the switch) are away from
each other. However, in the antenna 300 shown in FIG.
31, aground end of the first radiator and a ground end of
the second radiator are close to each other.

[0198] FIG. 32 shows a simulation result of total effi-
ciency of the antenna shown in FIG. 31.

[0199] It should be understood that a value of the first
electronic element electrically connected between the
switch and the ground plane may be adjusted, so that
two resonances generated by the second antenna ele-
ment of the wire antenna in the DM mode may be made
close to each other, to form a resonant frequency band.
An operating frequency band of the first antenna element
and an operating frequency band of the second antenna
element each include a Bluetooth frequency band
(2.4-2.485 GHz).

[0200] As shown in FIG. 32, at 2.44 GHz, total effi-
ciency of the first antenna element and total efficiency of
the second antenna element are approximately the
same, and are flat in an operating frequency range. This
meets a basic communication requirement of an antenna
in a Bluetooth frequency band.

[0201] FIG. 33 and FIG. 34 show simulation results of
the antenna shown in FIG. 31. FIG. 33 is a distribution
diagram of currents of the antenna shownin FIG. 31. FIG.
34 shows a pattern of the antenna shown in FIG. 31.
[0202] (a) in FIG. 33 is a distribution diagram of cur-
rents of the first antenna element in the CM mode of the
wire antennain a case in which the switch is in the second
switch state (for example, the turned-off state) and the
first end of the second radiator is not grounded via the
switch. In a current path, directions of currents are not
reversed, which may correspond to a half-wavelength
mode. A first pattern generated by the first antenna
element at 2.44 GHz is shown in (a) in FIG. 34.
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[0203] (b) in FIG. 33 is a distribution diagram of cur-
rents of the second antenna element in the DM mode of
the wire antennain a case in which the switch is in the first
switch state (for example, the turned-on state) and the
firstend of the second radiator is grounded via the switch.
In a current path, directions of currents are not reversed,
which may correspond to a half-wavelength mode. A first
pattern generated by the second antenna elementat2.44
GHz is shown in (b) in FIG. 34.

[0204] Asshownin FIG. 34, the first pattern generated
by the first antenna element and the second pattern
generated by the second antenna element are comple-
mentary to each other, and the antenna may switch
between the first pattern and the second pattern via
the switch, to improve performance of the wearable
device.

[0205] This application provides a wearable device.
The wearable device may include an antenna. The an-
tenna may be disposed in a casing of the wearable
device. An operating frequency of the antenna may sup-
port a communication connection between the wearable
device and another electronic device. Regardless of
whether the electronic device connected to the wearable
deviceis placedinabag orapocket, orauserislocatedin
a place with strong signal interference such as an airport,
an operating mode of the antenna structure is switched
via a switch of the antenna, so that a stable communica-
tion connection between the wearable device and the
electronic device can be implemented. Specifically, the
wearable device having the antenna structure may im-
plement a stable signal connection by switching the
switch of the antenna structure. The communication
connection may be a Bluetooth connection.

[0206] FIG. 35 and FIG. 36 each show another wear-
able device according to an embodiment of this applica-
tion.

[0207] It should be understood that the antenna struc-
ture provided in embodiments of this application may be
applied to wearable devices other than TWS earphones,
for example, a smart watch or smart glasses.

[0208] As shown in FIG. 35, the antenna structure in
the foregoing embodiment may be applied to a smart-
watch. A specific position of the antenna structure is not
limited in this application, and is used only as an example.
For example, a radiator of the antenna may be disposed
in a bezel, a PCB may be disposed in space enclo sed by
a metal casing, a feed unit may be disposed on the PCB,
and the switch may also be disposed on the PCB. A
designed position may be shown in FIG. 35. It should
be understood that the radiator of the antenna may
alternatively be disposed on an inner surface of the
casing of the smartwatch.

[0209] AsshowninFIG. 36, the antenna structure may
be designed by using atemple of the smartglasses,anda
design position is shown in the figure. Alternatively, the
antenna structure may be designed by using a frame of
the smart glasses, or may be adjusted based on an actual
production design requirement. Forexample, an antenna
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36

radiator may be disposed in internal space of the temple
orthe frame of the smartglasses, a PCB may be disposed
in the temple, a feed unit may be disposed on the PCB,
and a switch may be disposed on the PCB. A designed
position is shown in FIG. 36.

[0210] A person skilled in the art may use different
methods to implement the described functions for each
specific application, but such implementation should not
be considered beyond the scope of this application.
[0211] It may be clearly understood by a person skilled
in the art that, for the purpose of convenient and brief
description, for a detailed operating process of the fore-
going system, apparatus, and unit, refer to a correspond-
ing process in the foregoing method embodiments. De-
tails are not described herein again.

[0212] In the several embodiments provided in this
application, it should be understood that the disclosed
system, apparatus, and method may be implemented in
other manners. For example, the described apparatus
embodiment is merely an example. For example, division
into the units is merely logical function division and may
be other division in actual implementation. For example,
a plurality of units or components may be combined or
integrated into another system, or some features may be
ignored or not performed. In addition, the displayed or
discussed mutual couplings or direct couplings or com-
munication connections may be implemented through
some interfaces. The indirect couplings or communica-
tion connections between the apparatuses or units may
be implemented in an electrical form or another form.
[0213] The foregoing descriptions are merely specific
implementations of this application, but are not intended
to limit the protection scope of this application. Any
variation or replacement readily figured out by a person
skilled in the art within the technical scope disclosed in
this application shall fall within the protection scope of this
application. Therefore, the protection scope of this ap-
plication shall be subject to the protection scope of the
claims.

Claims
1. A wearable device, comprising:

a casing;

an antenna, comprising a feed unit, a switch, a
first electronic element, a first radiator, and a
second radiator, wherein the feed unit, the
switch, the first radiator, and the second radiator
are located in the casing; and

aground plane, wherein afirstend of the second
radiator is electrically connected to the ground
plane via the switch, wherein

an end of the first radiator and an end of the
second radiator are opposite to each other and
are not in contact with each other;

a first end of the first radiator comprises a feed
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point, and the feed unit is electrically connected
to the first radiator at the feed point;

the first end of the second radiator comprises a
ground point, the switch is electrically connected
between the second radiator and the ground
plane at the ground point, and the first electronic
element is electrically connected between the
switch and the ground plane;

when the switch is in a first switch state, an
operating frequency band of the antenna com-
prises a first frequency band, and the antenna
generates a first pattern; and

when the switch is in a second switch state, the
operating frequency band of the antenna com-
prises the first frequency band, and the antenna
generates a second pattern, wherein the first
pattern and the second pattern are complemen-
tary to each other.

2. The wearable device according to claim 1, wherein

when the switch is in the first switch state, the
first end of the second radiator is grounded via
the switch; and

when the switchiis in the second switch state, the
first end of the second radiator is not grounded
via the switch.

3. The wearable device according to claim 1 or 2,

wherein

the antenna further comprises a second electro-
nic element; and

the second electronic element is electrically
connected between the end of the first radiator
and the end of the second radiator that are
disposed opposite to each other.

The wearable device according to claim 1, wherein
the second electronic element is an inductor, and an
inductance is greater than or equal to 10 nH.

The wearable device according to claim 1 or 2,
wherein

the antenna further comprises a neutralization
line; and

a first end of the neutralization line is electrically
connected to the first radiator at a first position,
and a second end of the neutralization line is
electrically connected to the second radiator ata
second position.

6. The wearable device according to claim 5, wherein

a distance between the first position and the
feed point is less than one sixteenth of a first
wavelength; and/or
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7.

10.

1.

12.

13.

38

a distance between the second position and the
ground pointis less than one sixteenth of the first
wavelength, wherein the first wavelength is a
wavelength corresponding to the first frequency
band.

The wearable device according to claim 5 or 6,
wherein

the antenna further comprises a third electronic
element; and

the neutralization line comprises a slot, and the
third electronic elementis electrically connected
between two sides of the slot of the neutraliza-
tion line.

The wearable device according to claim 7, wherein
the third electronic element is an inductor, and an
inductance is greater than or equal to 5 nH.

The wearable device according to any one of claims
1 to 8, wherein

a distance between the first radiator and the ground
planeis greaterthan orequal to 0.5 mmand less than
or equal to 3 mm.

The wearable device according to any one of claims
1 to 9, wherein

a distance between the end of the first radiator and
the end of the second radiator that are disposed
opposite to each other is less than or equal to 1 mm.

The wearable device according to any one of claims
1 to 10, wherein

a length L1 of the first radiator and a length L2 of the
second radiator satisfy: L1X60%<L2, or
L2X60%<L1.

The wearable device according to any one of claims
1 to 11, wherein

projections of the first radiator and the second ra-
diator on a plane on which the ground plane is
located are parallel to each other in a first direction,
and a spacing in a second direction is less than a
quarter of the first wavelength, wherein the first
direction is an extension direction of the first radiator
and the second radiator, the second direction is
perpendicular to the first direction, and the first wa-
velength is the wavelength corresponding to the first
frequency band.

The wearable device according to any one of claims
1 to 12, wherein

a second end of the first radiator and a second
end of the second radiator are opposite to each
other and are not in contact with each other; and
the second end of the first radiator and the
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second end of the second radiator are open
ends.

14. The wearable device according to any one of claims
1 to 12, wherein

the firstend of the first radiator and a second end
of the second radiator are opposite to each other
and are not in contact with each other; and

a second end of the first radiator and the second
end of the second radiator are open ends.

15. The wearable device according to any one of claims
1 to 12, wherein

a second end of the first radiator and a second
end of the first radiator are opposite to each
other and are not in contact with each other; and
the second end of the first radiator and a second
end of the second radiator are open ends.

16. The wearable device according to any one of claims
1 to 12, wherein

the firstend of the first radiator and a second end
of the first radiator are opposite to each other
and are not in contact with each other; and
a second end of the first radiator and a second
end of the second radiator are open ends.

17. The wearable device according to any one of claims
1 to 16, wherein

the wearable device is a true wireless stereo
TWS earphone;

the wearable device comprises an earbud por-
tion and an earbud stem portion, and the anten-
na is disposed on the earbud stem portion; and
a distance between the first radiator and the
earbud portion is less than a distance between
the second radiator and the earbud portion.

18. The wearable device according to any one of claims
1to 17, wherein

the first radiator and the second radiator are
sheet-shaped; and

the wearable device further comprises a printed
circuit board PCB, the PCB comprises a metal
layer, and the metal layer is disposed opposite to
the first radiator and the second radiator.

19. The wearable device according to any one of claims
1 to 18, wherein no switch is comprised between the
feed unit and the first radiator or between the feed
unit and the ground plane.

20. The wearable device according to any one of claims
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110 19, wherein the first frequency band comprises a
Bluetooth frequency band of 2.4-2.485 GHz.
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