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Description

[0001] This application claims priority to Chinese Pa-
tent Application No. 202211114439.8, filed with the China
National Intellectual Property Administration on Septem-
ber 14, 2022 and entitled "ANTENNA STRUCTURE AND
ELECTRONIC 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 an antenna structure
and an electronic device.

BACKGROUND

[0003] As people’s demands for high-speed data
transmission increase, a development trend of an indus-
trial design (industrial design, ID) of an electronic device
is to have a large screen-to-body ratio and a plurality of
cameras. Consequently, antenna clearance is greatly
reduced, and space for layout is increasingly limited.
[0004] In a current state, in terms of a communication
frequency band of the electronic device, a third-genera-
tion mobile communication technology (3rd generation
wireless system, 3G), a fourth-generation mobile com-
munication technology (4th generation wireless system,
4G), and a fifth-generation mobile communication tech-
nology (5th generation wireless system, 5G) may coexist
for a long time, and frequency band coverage is increas-
ingly wide. Based on these changes, it is urgent to ex-
pand an operating bandwidth of an antenna of the elec-
tronic device.

SUMMARY

[0005] Embodiments of this application provide an an-
tenna structure and an electronic device. An electronic
element is loaded in a current region of a radiator, so that
the radiator is connected to a ground plane in the region.
Then, a boundary condition is adjusted, and an operating
mode of the antenna structure is changed, so that a low-
frequency resonant frequency band is adjusted to be
close to a high-frequency resonant frequency band. In
this way, an operating bandwidth of the antenna structure
is expanded.
[0006] According to a first aspect, an antenna structure
is provided, including: a ground plane, where the antenna
structure is grounded through the ground plane; a radia-
tor, where a first end and a second end of the radiator are
grounded; and a first electronic element and a second
electronic element, where a central region of the radiator
includes a slot, or the antenna structure further includes a
ground element and the ground element is electrically
connected between the central region and the ground
plane. The radiator includes a first current region and a
second current region, the central region is between the

first current region and the second current region, the first
current region includes an electric field node generated
by the antenna structure, and the second current region
includes an electric field node generated by the antenna
structure; the first electronic element is electrically con-
nected between the first current region and the ground
plane; and the second electronic element is electrically
connected between the second current region and the
ground plane.
[0007] According to this embodiment of this applica-
tion, the ground element is electrically connected be-
tween the ground plane and the central region of the
radiator, so that an operating mode of the antenna struc-
ture can include two one-wavelength modes (in a CM
mode and a DM mode) and two two-wavelength modes
(in the CM mode and the DM mode). In addition, the first
electronic element and the second electronic element are
respectively electrically connected between the first cur-
rent region of the radiator and the ground plane and
between the second current region of the radiator and
the ground plane, so that current nodes (electric field
strong points) in the first current region and the second
current region in the one-wavelength mode may be
changed into electric field nodes (current strong points),
and the operating mode may be changed from the one-
wavelength mode to the two-wavelength mode, to form a
new two-wavelength mode pair. In this case, the operat-
ing mode of the antenna structure may be increased to
adjust a low-frequency resonant frequency band to a
high-frequency resonant frequency band, so that the
operating mode of the antenna structure includes two
two-wavelength modes in the CM mode and two two-
wavelength modes in the DM mode. In this way, four
resonances with close frequencies may be generated, to
expand an operating bandwidth of the antenna structure.
[0008] With reference to the first aspect, in some im-
plementations of the first aspect, at least a part of the
radiator from the first end to the second end is configured
to generate a first resonance. The first electronic element
is an inductor, the second electronic element is an in-
ductor, and inductances of the first electronic element
and the second electronic element are both less than or
equal to a first threshold. When a frequency of the first
resonance is less than or equal to 1.7 GHz, the first
threshold is 5 nH. When a frequency of the first reso-
nance is greater than 1.7 GHz and less than or equal to 3
GHz, the first threshold is 3 nH. When a frequency of the
first resonance is greater than 3 GHz, the first threshold is
2 nH.
[0009] According to this embodiment of this applica-
tion, the inductance of the electronic element may be
understood as an equivalent inductance between the
current region and the ground plane. For example, when
only a single electronic element is electrically connected
between the first current region and the ground plane, an
inductance of the electronic element may be 3 nH. How-
ever, when only two electronic elements are electrically
connected between the first current region and the
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ground plane, inductances of the two electronic elements
may be both 6 nH, and an equivalent inductance between
the first current region and the ground plane is also 3 mH,
so that same technical effect can be achieved. Alterna-
tively, it may be understood that the threshold accordingly
changes as more electronic elements are electrically
connected between the current region and the ground
plane.
[0010] With reference to the first aspect, in some im-
plementations of the first aspect, a distance between the
first end and the second end is equal to a length of the
radiator.
[0011] According to this embodiment of this applica-
tion, the antenna structure may be a slot antenna.
[0012] With reference to the first aspect, in some im-
plementations of the first aspect, the antenna structure is
used in an electronic device. The electronic device
further includes a conductive bezel. The bezel has a first
position and a second position. The first position and the
second position of the bezel are continuous with a re-
maining part of the bezel. The bezel between the first
position and the second position is used as the radiator.
[0013] With reference to the first aspect, in some im-
plementations of the first aspect, a distance between the
first end and the second end is less than a length of the
radiator.
[0014] According to this embodiment of this applica-
tion, the antenna structure may be a loop antenna.
[0015] With reference to the first aspect, in some im-
plementations of the first aspect, the antenna structure
includes a first filter and a second filter. The first filter is
electrically connected between the first electronic ele-
ment and the first current region. The second filter is
electrically connected between the second electronic
element and the second current region. The first filter
and the second filter are in a turned-on state in a first
frequency band, and are in a turned-off state in a second
frequency band. A frequency of the first frequency band is
higher than a frequency of the second frequency band.
[0016] With reference to the first aspect, in some im-
plementations of the first aspect, a part of the radiator
from the first end to the second end is configured to
generate a first resonance, a second resonance, a third
resonance, a fourth resonance, a fifth resonance, and a
sixth resonance. The first frequency band includes a
resonant frequency band of the first resonance, a reso-
nant frequency band of the second resonance, a reso-
nant frequency band of the third resonance, and a reso-
nant frequency band of the fourth resonance. The second
frequency band includes a resonant frequency band of
the fifth resonance and a resonant frequency band of the
sixth resonance.
[0017] According to this embodiment of this applica-
tion, when the first frequency band includes the resonant
frequency band of the first resonance, the resonant fre-
quency band of the second resonance, the resonant
frequency band of the third resonance, and the resonant
frequency band of the fourth resonance, the second

frequency band includes the resonant frequency band
of the fifth resonance and the resonant frequency band of
the sixth resonance. The first filter and the second filter
are in the turned-on state in the first frequency band. In
this case, the first electronic element and the second
electronic element are electrically connected to the ra-
diator, and the antenna structure may generate the first
resonance, the second resonance, the third resonance,
and the fourth resonance. The first filter and the second
filter are in the turned-off state in the second frequency
band. In this case, the first electronic element and the
second electronic element are disconnected from and
are not electrically connected to the radiator, and the
antenna structure may additionally generate the fifth
resonance and the sixth resonance.
[0018] With reference to the first aspect, in some im-
plementations of the first aspect, the central region of the
radiator includes the slot, an electrical length of the
radiator is three halves of a first wavelength, and the first
wavelength is a wavelength corresponding to a reso-
nance generated by the antenna structure.
[0019] With reference to the first aspect, in some im-
plementations of the first aspect, the ground element is
electrically connected between the central region and the
ground plane, an electrical length of the radiator is twice a
first wavelength, and the first wavelength is a wavelength
corresponding to a resonance generated by the antenna
structure.
[0020] According to a second aspect, an electronic
device is provided, including the antenna structure ac-
cording to any implementation of the first aspect.
[0021] According to a third aspect, an antenna struc-
ture is provided, including: a ground plane, where the
antenna structure is grounded through the ground plane;
a radiator, where a first end of the radiator is grounded,
and a second end of the radiator is an open end; and afirst
electronic element, where the radiator includes a first
current region, the first current region includes an electric
field node generated by the antenna structure, and the
first electronic element is electrically connected between
the first current region and the ground plane.
[0022] With reference to the third aspect, in some
implementations of the third aspect, at least a part of
the radiator from the first end to the second end is con-
figured to generate a first resonance. The first electronic
element is an inductor, and an inductance of the first
electronic element is less than or equal to a first thresh-
old. When a frequency of the first resonance is less than
or equal to 1.7 GHz, the first threshold is 5 nH. When a
frequency of the first resonance is greater than 1.7 GHz
and less than or equal to 3 GHz, the first threshold is 3 nH.
When a frequency of the first resonance is greater than 3
GHz, the first threshold is 2 nH.
[0023] With reference to the third aspect, in some
implementations of the third aspect, the antenna struc-
ture further includes a second electronic element; and the
first electronic element is electrically connected to the
radiator at a first position, the second electronic element
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is electrically connected to the radiator at a second
position, the second position is between the first position
and a third position, and a distance between the third
position and the first position is the same as a distance
between the third position and the second end.
[0024] With reference to the third aspect, in some
implementations of the third aspect, the antenna struc-
ture further includes a feed unit; the radiator includes an
electric field region, and the electric field region includes a
current node generated by the antenna structure; and the
electric field region includes a feed point, and the feed
unit is electrically connected to the radiator at the feed
point.
[0025] With reference to the third aspect, in some
implementations of the third aspect, the antenna struc-
ture further includes the feed unit; and the first current
region includes a feed point, and the feed unit is elec-
trically connected to the radiator at the feed point.
[0026] With reference to the third aspect, in some
implementations of the third aspect, the antenna struc-
ture further includes a resonant stub; and a third end of
the resonant stub is connected to the first end, and a
fourth end of the resonant stub is an open end.
[0027] With reference to the third aspect, in some
implementations of the third aspect, a length L1 of the
resonant stub and a length L2 of the radiator satisfy:
0.2×L2≤L1≤0.3×L2.
[0028] With reference to the third aspect, in some
implementations of the third aspect, the antenna struc-
ture further includes a third electronic element; and the
third electronic element is electrically connected between
the first end and the ground plane.
[0029] With reference to the third aspect, in some
implementations of the third aspect, the antenna struc-
ture includes a filter. The first filter is electrically con-
nected between the first electronic element and the first
current region. The first filter is in a turned-on state in a
first frequency band, and is in a turned-off state in a
second frequency band. A frequency of the first fre-
quency band is higher than a frequency of the second
frequency band.
[0030] With reference to the third aspect, in some
implementations of the third aspect, a part of the radiator
from the first end to the second end is configured to
generate a first resonance, a second resonance, and a
third resonance; the first frequency band includes a
resonant frequency band of the first resonance and a
resonant frequency band of the second resonance; and
the second frequency band includes a resonant fre-
quency band of the third resonance.
[0031] With reference to the third aspect, in some
implementations of the third aspect, the antenna struc-
ture further includes a fourth electronic element; the
radiator includes a second current region, and the sec-
ond current region includes an electric field node gener-
ated by the antenna structure; and the fourth electronic
element is electrically connected between the second
current region and the ground plane.

[0032] According to a fourth aspect, an electronic de-
vice is provided, including the antenna structure accord-
ing to any implementation of the third aspect.

BRIEF DESCRIPTION OF DRAWINGS

[0033]

FIG. 1 is a diagram of an electronic device according
to an embodiment of this application;
FIG. 2 is 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. 3 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. 4 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. 5 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. 6 is a distribution diagram of currents of a slot
antenna according to an embodiment of this applica-
tion;
FIG. 7 is a diagram of an antenna structure 100
according to an embodiment of this application;
FIG. 8 is a distribution diagram of currents of the
antenna structure, as shown in FIG. 7, in which an
electronic element and a ground element are not
disposed;
FIG. 9 is a distribution diagram of currents of the
antenna structure, as shown in FIG. 7, in which only a
ground element is disposed;
FIG. 10 is a distribution diagram of currents of the
antenna structure shown in FIG. 7;
FIG. 11 shows S-parameters of the antenna struc-
ture shown in FIG. 7;
FIG. 12 shows simulation results of radiation effi-
ciency and total efficiency of the antenna structure
shown in FIG. 7;
FIG. 13 shows corresponding S-parameters of the
antenna structure, as shown in FIG. 7, in which a first
electronic element and a second electronic element
are changed;
FIG. 14 shows corresponding simulation results of
radiation efficiency and total efficiency of the antenna
structure, as shown in FIG. 7, in which a first electro-
nic element and a second electronic element are
changed;
FIG. 15 is a distribution diagram of currents in a case
in which a ground element, a first electronic element,
and a second electronic element are not disposed;
FIG. 16 is a distribution diagram of currents in a case
in which only a ground element is disposed;
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FIG. 17 is a distribution diagram of currents in a case
in which a ground element, a first electronic element,
and a second electronic element are disposed;
FIG. 18 is a diagram of another antenna structure
100 according to an embodiment of this application;
FIG. 19 is a diagram of an electronic device accord-
ing to an embodiment of this application;
FIG. 20 shows S-parameters of the antenna struc-
ture shown in FIG. 18;
FIG. 21 shows simulation results of radiation effi-
ciency and total efficiency of the antenna structure
shown in FIG. 18;
FIG. 22 is a distribution diagram of electric fields/-
magnetic currents in a case in which a ground ele-
ment, a first electronic element, and a second elec-
tronic element are not disposed;
FIG. 23 is a distribution diagram of electric fields/-
magnetic currents in a case in which only a ground
element is disposed;
FIG. 24 is a distribution diagram of electric fields/-
magnetic currents in a case in which a ground ele-
ment, a first electronic element, and a second elec-
tronic element are disposed;
FIG. 25 is a diagram of still another antenna structure
100 according to an embodiment of this application;
FIG. 26 shows S-parameters of the antenna struc-
ture shown in FIG. 25;
FIG. 27 shows simulation results of radiation effi-
ciency and total efficiency of the antenna structure
shown in FIG. 25;
FIG. 28 is a diagram of still another antenna structure
100 according to an embodiment of this application;
FIG. 29 is a distribution diagram of currents of the
antenna structure, as shown in FIG. 28, in which an
electronic element and a slot are not provided;
FIG. 30 is a distribution diagram of currents of the
antenna structure, as shown in FIG. 28, in which only
a slot is provided;
FIG. 31 is a distribution diagram of currents of the
antenna structure shown in FIG. 28;
FIG. 32 shows S-parameters of the antenna struc-
ture shown in FIG. 28;
FIG. 33 shows simulation results of radiation effi-
ciency and total efficiency of the antenna structure
shown in FIG. 28;
FIG. 34 is a diagram of still another antenna structure
100 according to an embodiment of this application;
FIG. 35 shows S-parameters of the antenna struc-
ture shown in FIG. 34;
FIG. 36 shows simulation results of radiation effi-
ciency and total efficiency of the antenna structure
shown in FIG. 34;
FIG. 37 is a distribution diagram of electric fields/-
magnetic currents in a case in which a first electronic
element and a second electronic element are not
disposed;
FIG. 38 is a distribution diagram of electric fields/-
magnetic currents in a case in which a first electronic

element and a second electronic element are dis-
posed;
FIG. 39 is a diagram of still another antenna structure
100 according to an embodiment of this application;
FIG. 40 shows S-parameters of the antenna struc-
ture shown in FIG. 39;
FIG. 41 shows simulation results of radiation effi-
ciency and total efficiency of the antenna structure
shown in FIG. 39;
FIG. 42 is a diagram of an antenna structure 200
according to an embodiment of this application;
FIG. 43 is a distribution diagram of currents and
electric fields of the antenna structure, as shown in
FIG. 42, in which an electronic element is not dis-
posed;
FIG. 44 is a distribution diagram of currents and
electric fields, corresponding to a quarter-wave-
length mode, of the antenna structure shown in
FIG. 42;
FIG. 45 is a distribution diagram of currents and
electric fields, corresponding to a three-quarters-
wavelength mode, of the antenna structure shown
in FIG. 42;
FIG. 46 shows S-parameters of the antenna struc-
ture shown in FIG. 42;
FIG. 47 shows simulation results of radiation effi-
ciency and total efficiency of the antenna structure
shown in FIG. 42;
FIG. 48 is a diagram of another antenna structure
200 according to an embodiment of this application;
FIG. 49 is a diagram of still another antenna structure
200 according to an embodiment of this application;
FIG. 50 is a distribution diagram of electric fields and
currents of the antenna structure 200 shown in FIG.
49;
FIG. 51 shows S-parameters of the antenna struc-
ture shown in FIG. 49;
FIG. 52 shows simulation results of radiation effi-
ciency and total efficiency of the antenna structure
shown in FIG. 49;
FIG. 53 is a diagram of still another antenna structure
200 according to an embodiment of this application;
FIG. 54 is a distribution diagram of electric fields and
currents of the antenna structure 200 shown in FIG.
53;
FIG. 55 shows S-parameters of the antenna struc-
ture shown in FIG. 53;
FIG. 56 shows simulation results of radiation effi-
ciency and total efficiency of the antenna structure
shown in FIG. 53;
FIG. 57 is a diagram of still another antenna structure
200 according to an embodiment of this application;
FIG. 58 shows S-parameters of the antenna struc-
ture, as shown in FIG. 57, in which a first electronic
element is electrically connected and a second elec-
tronic element is not electrically connected;
FIG. 59 shows simulation results of radiation effi-
ciency and total efficiency of the antenna structure,
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as shown in FIG. 57, in which a first electronic ele-
ment is electrically connected and a second electro-
nic element is not electrically connected;
FIG. 60 is a distribution diagram of currents of the
antenna structure, as shown in FIG. 57, in which a
first electronic element is electrically connected and
a second electronic element is not electrically con-
nected;
FIG. 61 shows S-parameters of the antenna struc-
ture shown in FIG. 57;
FIG. 62 shows simulation results of radiation effi-
ciency and total efficiency of the antenna structure
shown in FIG. 57;
FIG. 63 is a distribution diagram of currents of the
antenna structure shown in FIG. 57;
FIG. 64 is a diagram of still another antenna structure
200 according to an embodiment of this application;
FIG. 65 shows S-parameters of the antenna struc-
ture shown in FIG. 64;
FIG. 66 shows simulation results of radiation effi-
ciency and total efficiency of the antenna structure
shown in FIG. 64;
FIG. 67 is a distribution diagram of currents of the
antenna structure shown in FIG. 64;
FIG. 68 shows S-parameters of the antenna struc-
ture (excluding a resonant stub) shown in FIG. 64 in
different models;
FIG. 69 shows simulation results of radiation effi-
ciency and total efficiency of the antenna structure
(excluding a resonant stub) shown in FIG. 64 in
different models;
FIG. 70 shows S-parameters of the antenna struc-
ture shown in FIG. 64 in different models;
FIG. 71 shows simulation results of radiation effi-
ciency and total efficiency of the antenna structure
shown in FIG. 64 in different models;
FIG. 72 shows S-parameters of the antenna struc-
ture shown in FIG. 64;
FIG. 73 shows simulation results of radiation effi-
ciency and total efficiency of the antenna structure
shown in FIG. 64;
FIG. 74 is a distribution diagram of currents of the
antenna structure shown in FIG. 64;
FIG. 75 is a diagram of still another antenna structure
200 according to an embodiment of this application;
FIG. 76 shows S-parameters of the antenna struc-
ture shown in FIG. 75;
FIG. 77 shows simulation results of radiation effi-
ciency and total efficiency of the antenna structure
shown in FIG. 75;
FIG. 78 is a distribution diagram of electric fields and
currents of the antenna structure shown in FIG. 75;
FIG. 79 is a pattern of the antenna structure shown in
FIG. 75;
FIG. 80 shows S-parameters of the antenna struc-
ture shown in FIG. 75 that includes a second elec-
tronic element;
FIG. 81 shows simulation results of radiation effi-

ciency and total efficiency of the antenna structure
shown in FIG. 75 that includes a second electronic
element;
FIG. 82 shows S-parameters of the antenna struc-
ture shown in FIG. 75 in a left/right-handed model;
FIG. 83 shows simulation results of radiation effi-
ciency and total efficiency of the antenna structure
shown in FIG. 75 in a left/right-handed model;
FIG. 84 is a diagram of still another antenna structure
200 according to an embodiment of this application;
FIG. 85 is a distribution diagram of electric fields and
currents of the antenna structure shown in FIG. 84;
FIG. 86 is a pattern of the antenna structure shown in
FIG. 84;
FIG. 87 shows S-parameters of the antenna struc-
ture shown in FIG. 84 in a left/right-handed model;
FIG. 88 shows simulation results of radiation effi-
ciency and total efficiency of the antenna structure
shown in FIG. 84 in a left/right-handed model;
FIG. 89 is a diagram of still another antenna structure
200 according to an embodiment of this application;
FIG. 90 shows S-parameters of the antenna struc-
ture shown in FIG. 89;
FIG. 91 shows simulation results of radiation effi-
ciency and total efficiency of the antenna structure
shown in FIG. 89;
FIG. 92 is a distribution diagram of currents of the
antenna structure shown in FIG. 89;
FIG. 93 is a pattern of the antenna structure shown in
FIG. 89;
FIG. 94 is a diagram of still another antenna structure
200 according to an embodiment of this application;
FIG. 95 shows S-parameters of the antenna struc-
ture shown in FIG. 94;
FIG. 96 shows simulation results of radiation effi-
ciency and total efficiency of the antenna structure
shown in FIG. 94;
FIG. 97 is a distribution diagram of electric fields and
currents of the antenna structure shown in FIG. 94
that does not include a second electronic element;
FIG. 98 is a distribution diagram of electric fields and
currents of the antenna structure shown in FIG. 94
that includes a second electronic element;
FIG. 99 shows S-parameters of the antenna struc-
ture shown in FIG. 94 in a left/right-handed model;
and
FIG. 100 shows simulation results of radiation effi-
ciency and total efficiency of the antenna structure
shown in FIG. 94 in a left/right-handed model.

DESCRIPTION OF EMBODIMENTS

[0034] The following describes possible terms in em-
bodiments of this application.
[0035] 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
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direct coupling may also be referred to as "electrical
connection", which may be understood as physical touch
and electrical conductivity of components, or may be
understood as a form in which different components in
a line structure are connected through a physical line that
can transmit an electrical signal, like printed circuit board
(printed circuit board, PCB) copper foil or a conducting
wire. "Indirect coupling" may be understood as electrical
conductivity of two conductors in a spaced/non-touch
manner. In an embodiment, the indirect coupling may
also be referred to as capacitive coupling. For example,
signal transmission is implemented by forming an
equivalent capacitor through coupling in a gap between
two electric-conductors.
[0036] 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.
[0037] Connection: That two or more components are
turned on or connected in the "electrical connection" or
"indirect coupling" manner to perform signal/energy
transmission may be referred to as the connection.
[0038] 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 distributed capacitor) is an equivalent capacitor
formed due to a gap between two electric-conductors.
[0039] Inductor: The inductor may be understood as a
lumped inductor and/or a distributed inductor. The
lumped inductor is an inductive component, for example,
a capacitive element, and the distributed inductor (or
distributed inductor) is an equivalent inductor formed
due to curling or rotation of a conductor.
[0040] Resonance/Resonance frequency: The reso-
nance frequency is also referred to as a resonant fre-
quency. The resonance frequency may be a frequency of
a position at which an imaginary part of an antenna input
impedance is zero. The resonance frequency may have a
frequency range, namely, a frequency range in which
resonance occurs. A frequency corresponding to a stron-
gest resonance point is a center frequency. A return loss
of the center frequency may be less than ‑20 dB. It should
be understood that, unless otherwise specified, in "the
first resonance generated by the antenna/radiator" men-
tioned in this application, the first resonance should mean
a fundamental resonance generated by the antenna/r-
adiator, or a resonance with a lowest frequency gener-
ated by the antenna/radiator.
[0041] Resonant frequency band/Communication fre-
quency band/Operating frequency band: Regardless of a
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.
[0042] 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:

[0043] In the formula, L is a physical length, and λ is a
wavelength of an electromagnetic wave.
[0044] 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.
[0045] 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:

[0046] In the formula, λε is the wavelength of the elec-
tromagnetic wave in the dielectric, λc is a wavelength of
the electromagnetic wave in a vacuum, and εr is a relative
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. For example, it is
assumed that a 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
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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
other than a center frequency.For ease 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.
[0047] End: A first end (second end) of an antenna
radiator, a ground end, or an open end cannot be under-
stood as a point in a narrow sense, but may further be
considered as a radiator segment that is of the antenna
radiator and that includes a first endpoint. The first end-
point is an endpoint of the antenna radiator in a first slot.
For example, the first end of the antenna radiator may be
considered as a radiator segment within a range of one-
sixteenth of a first wavelength from the first endpoint. The
first wavelength may be a wavelength corresponding to
an operating frequency band of an antenna structure, a
wavelength corresponding to a center frequency of an
operating frequency band, or a wavelength correspond-
ing to a resonance point.
[0048] A limitation on a position or a distance, such as
middle or a middle position, mentioned in embodiments
of this application all represent a specific range. For
example, a middle (position) of a conductor may be a
segment that is of a conductor and that includes a mid-
point on the conductor, for example, the middle (position)
of the conductor may be a segment that is of the con-
ductor 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).
[0049] Total efficiency (total efficiency) of an antenna:
The total efficiency is a ratio of input power to output
power at an antenna port.
[0050] 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.
[0051] 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.
[0052] 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.
[0053] The antenna return loss 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.
[0054] It should be noted that, ‑6 dB is usually used as a
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.
[0055] 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.
[0056] 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. 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.
[0057] The following describes technical solutions of
embodiments in this application with reference to accom-
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panying drawings.
[0058] As shown in FIG. 1, an electronic device 10 may
include a cover (cover) 13, a display/display module
(display) 15, a printed circuit board (printed circuit board,
PCB) 17, a middle frame (middle frame) 19, and a rear
cover (rear cover) 21. It should be understood that, in
some embodiments, the cover 13 may be a glass cover
(cover glass), or may be replaced with a cover of another
material, for example, a PET (Polyethylene terephtha-
late, polyethylene terephthalate) material cover.
[0059] The cover 13 may be disposed close to the
display module 15, and may be mainly configured to
protect and prevent dust on the display module 15.
[0060] In an embodiment, the display module 15 may
include a liquid crystal display (liquid crystal display,
LCD), a light-emitting diode (light-emitting diode, LED)
display panel, an organic light-emitting semiconductor
(organic light-emitting diode, OLED) display panel, or the
like. This is not limited in embodiments of this application.
[0061] The middle frame 19 is mainly used to support
the entire electronic device. FIG. 1 shows that the PCB 17
is disposed between the middle frame 19 and the rear
cover 21. It should be understood that, in an embodiment,
the PCB 17 may alternatively be disposed between the
middle frame 19 and the display module 15. This is not
limited in embodiments of this application. The printed
circuit board PCB 17 may be a flame-resistant material
(FR‑4) dielectric board, or may be a Rogers (Rogers)
dielectric board, or may be a Rogers and FR‑4 mixed
dielectric board, or the like. Herein, FR‑4 is a grade
designation for a flame-resistant material, and the Ro-
gers dielectric board is a high-frequency board. An elec-
tronic element, for example, a radio frequency chip, is
carried on the PCB 17. In an embodiment, a metal layer
may be disposed on the printed circuit board PCB 17. The
metal layer may be used for grounding an electronic
element carried on the printed circuit board PCB 17, or
may be used for grounding another element, for example,
a bracketed antenna or a bezel antenna. The metal layer
may be referred to as a ground plane, a grounding plate,
or a grounding plane. In an embodiment, the metal layer
may be formed by etching metal on a surface of any layer
of dielectric boards in the PCB 17. In an embodiment, the
metal layer used for grounding may be disposed on a side
that is of the printed circuit board PCB 17 that is close to
the middle frame 19. In an embodiment, an edge of the
printed circuit board PCB 17 may be considered as an
edge of the grounding plane of the PCB 17. In an embo-
diment, the metal middle frame 19 may also be used for
grounding the foregoing elements. The electronic device
10 may further have another ground plane/grounding
plate/grounding plane. As described above, details are
not described herein again.
[0062] The electronic device 10 may further include a
battery (not shown in the figure). The battery may be
disposed between the middle frame 19 and the rear cover
21, or may be disposed between the middle frame 19 and
the display module 15. This is not limited in embodiments

of this application. In some embodiments, the PCB 17 is
divided into a motherboard and a daughter board. The
battery may be disposed between the motherboard and
the daughter board. The motherboard may be disposed
between the middle frame 19 and an upper edge of the
battery, and the daughter board may be disposed be-
tween the middle frame 19 and a lower edge of the
battery.
[0063] The electronic device 10 may further include a
bezel 11. The bezel 11 may be formed of a conductive
material like metal. The bezel 11 may be disposed be-
tween the display module 15 and the rear cover 21, and
extends circumferentially around a periphery of the elec-
tronic device 10. The bezel 11 may have four side edges
surrounding the display module 15, to help fasten the
display module 15. In an implementation, the bezel 11
made of a metal material may be directly used as a metal
frame of the electronic device 10 to form an appearance
of the metal frame, and is applicable to a metal industrial
design (industrial design, ID). In another implementation,
an outer surface of the bezel 11 may alternatively be
made of a material other than metal, for example, a
plastic frame, to form an appearance of a non-metal
frame, and is applicable to a non-metal ID.
[0064] The middle frame 19 may include the bezel 11,
and the middle frame 19 including the bezel 11 is used as
an integral part, and may support electronic elements in
the entire electronic device. The cover 13 and the rear
cover 21 are respectively covered along an upper edge
and a lower edge of the bezel, to form a shell or a housing
(housing) of the electronic device. In an embodiment, the
cover 13, the rear cover 21, the bezel 11, and/or the
middle frame 19 may be collectively referred to as the
shell or the housing of the electronic device 10. It should
be understood that the "shell or housing" may be used to
indicate a part or all of any one of the cover 13, the rear
cover 21, the bezel 11, or the middle frame 19, or indicate
a part or all of any combination of the cover 13, the rear
cover 21, the bezel 11, or the middle frame 19.
[0065] The bezel 11 on the middle frame 19 may be at
least partially used as an antenna radiator to transmit/re-
ceive a radio frequency signal. There may be a gap
between the bezel that is used as the radiator and an-
other part of the middle frame 19, to ensure that the
antenna radiator has a good radiation environment. In
an embodiment, an aperture of the middle frame 19 may
be disposed at the bezel that is used as the radiator, to
facilitate radiation of the antenna.
[0066] Alternatively, the bezel 11 may not be consid-
ered as a part of the middle frame 19. In an embodiment,
the bezel 11 and the middle frame 19 may be connected
and integrally formed. In another embodiment, the bezel
11 may include a protrusion extending inward, to be
connected to the middle frame 19, for example, con-
nected by using a spring or a screw, or connected through
welding. The protrusion of the bezel 11 may be further
configured to receive a feed signal, so that at least a part
of the bezel 11 is used as the antenna radiator to trans-

5

10

15

20

25

30

35

40

45

50

55



10

17 EP 4 539 247 A1 18

mit/receive a radio frequency signal. There is a gap 42
between the bezel that is used as the radiator and the
middle frame 30, to ensure that the antenna radiator has
a good radiation environment, so that the antenna has a
good signal transmission function.
[0067] The rear cover 21 may be a rear cover made of a
metal material, or a rear cover made of a non-conductive
material, such as a glass rear cover or a plastic rear
cover; or a rear cover made of both a conductive material
and a non-conductive material. In an embodiment, the
rear cover 21 including the conductive material may re-
place the middle frame 19, and is integrated with the
bezel 11 to support electronic elements in the entire
system.
[0068] In an embodiment, the middle frame 19 and/or a
conductive part of the rear cover 21 may be used as a
reference ground of the electronic device 10. The bezel
11, the PCB 17, and the like of the electronic device may
be electrically connected to the middle frame for ground-
ing.
[0069] Alternatively, the antenna of the electronic de-
vice 10 may be disposed in the bezel 11. When the bezel
11 of the electronic device 10 is made of a non-conductive
material, the antenna radiator may be positioned in the
electronic device 10 and disposed along the bezel 11. For
example, the antenna radiator is disposed adjacent to the
bezel 11, to minimize a size occupied by the antenna
radiator, and is closer to outside of the electronic device
10, to achieve better signal transmission effect. It should
be noted that, that the antenna radiator is disposed
adjacent to the bezel 11 means that the antenna radiator
may be disposed in close contact with the bezel 11, or
may be disposed close to the bezel 11. For example,
there may be a small slot between the antenna radiator
and the bezel 11.
[0070] Alternatively, the antenna of the electronic de-
vice 10 may be disposed in the shell, for example, a
bracketed antenna or a millimeter wave antenna (not
shown in FIG. 1). Clearance of the antenna disposed
in the housing may be obtained by a slot/hole in any one
of the middle frame, and/or the bezel, and/or the rear
cover, and/or the display, or by a non-conductive slot/a-
perture formed between any several of the middle frame,
the bezel, the rear cover, and the display. The setting of
the clearance of the antenna may ensure radiation per-
formance of the antenna. It should be understood that,
the clearance of the antenna may be a non-conductive
region formed by any conductive component in the elec-
tronic device 10, and the antenna radiates a signal to
external space through the non-conductive region. In an
embodiment, the antenna 40 may be a flexible printed
circuit (flexible printed circuit, FPC)‑based antenna, a
laser-direct-structuring (laser-direct-structuring,
LDS)‑based antenna, a microstrip disk antenna (micro-
strip disk antenna, MDA)‑based antenna, or another
antenna. In an embodiment, the antenna may alterna-
tively be in a transparent structure embedded in the
screen of the electronic device 10, so that the antenna

is a transparent antenna element embedded in the
screen of the electronic device 10.
[0071] FIG. 1 shows only an example of some compo-
nents included in the electronic device 10. An actual
shape, an actual size, and an actual configuration of
the components are not limited to those in FIG. 1.
[0072] It should be understood that, in this embodiment
of this application, it may be considered that a surface on
which the display of the electronic device is positioned is
a front surface, a surface on which the rear cover is
positioned is a rear surface, and a surface on which
the bezel is positioned is a side surface.
[0073] It should be understood that, in this embodiment
of this application, it is considered that when a user holds
(usually holding the electronic device vertically and fa-
cing the screen), an orientation of the electronic device
includes top, bottom, left, and right. It should be under-
stood that, in this embodiment of this application, it is
considered that when a user holds (usually holding the
electronic device vertically and facing the screen), an
orientation of the electronic device includes top, bottom,
left, and right.
[0074] First, FIG. 2 to FIG. 5 describe four antenna
modes in this application. FIG. 2 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. 3 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. 4 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. 5 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

[0075] (a) in FIG. 2 shows a case in which a radiator of a
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
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 (or a
region within a specific range near the midpoint).
[0076] 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
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length of the radiator, for example, a joint between the
feed line 42 and the wire antenna 40 covers the middle
position 41.
[0077] (b) in FIG. 2 shows distribution of currents and
electric fields of the wire antenna 40. As shown in (b) in
FIG. 2, 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) in FIG. 2, 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. 2 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. 2 may
be referred to as a CM mode of the wire antenna (or may
be referred to as a CM mode for short, for example, 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. 2 may be referred to as a CM mode current and a CM
mode electric field of the wire antenna.
[0078] The CM mode current and 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

[0079] (a) in FIG. 3 shows a case 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
a feed line 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.
[0080] 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°.
[0081] (b) in FIG. 3 shows distribution of currents and
electric fields of the wire antenna 50. As shown in (b) in
FIG. 3, 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. 3, currents are
reversely distributed at the feed line 52. Based on reverse
distribution of the currents at the feed line 52, the feeding
shown in (a) in FIG. 3 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. 3 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 current and the electric field shown in (b) in
FIG. 3 may be referred to as a DM mode current and a DM
mode electric field of the wire antenna.
[0082] The DM mode current and 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-
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.
[0083] 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. 2, or may be two, as
shown in FIG. 3, 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. 3, two ends of the two
radiators are oppositely disposed and 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. 2 may also be achieved.
Correspondingly, in the DM mode of the wire antenna,
one radiator may also be used as shown in FIG. 2, 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. 3 may also be achieved.

3. CM mode of a slot antenna

[0084] A slot antenna 60 shown in (a) in FIG. 4 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
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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°.
[0085] (b) in FIG. 4 shows distribution of currents,
electric fields, and magnetic currents of the slot antenna
60. As shown in (b) in FIG. 4, currents are codirectionally
distributed around the slit 61 on a conductor (for example,
a ground plane and/or a radiator 60) around the slit 61.
Electric fields are reversely distributed on two sides of a
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. 4, 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. 4 may
be referred to as CM feeding for the slot antenna. Based
on asymmetrical distribution of currents on the radiator
on two 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. 4 may
be referred to as a CM mode of the slot antenna (or may
be referred to as a CM mode for short, for example, 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. 4 may be
referred to as a CM mode electric field, a CM mode
current, and a CM mode magnetic current of the slot
antenna.
[0086] The CM mode current and the 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 magnetic field 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

[0087] A slot antenna 70 shown in (a) in FIG. 5 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 (or a
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/a 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
and the radiator covers the middle position 51 of the side.
[0088] (b) in FIG. 5 shows distribution of currents,
electric fields, and magnetic currents of the slot antenna
70. As shown in (b) in FIG. 5, on a conductor (for example,
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
at the feed unit (not shown). Based on reverse distribution
of the magnetic currents at the feed unit, the feeding
shown in (a) in FIG. 5 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
antenna mode shown in (b) in FIG. 5 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. 5 may be referred to as a
DM mode electric field, a DM mode current, and a DM
mode magnetic current of the slot antenna.
[0089] The DM mode current and 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 current is 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.
[0090] In the field of antennas, an antenna operating in
a CM mode and an antenna operating in a DM mode
generally show high isolation. In addition, frequency
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bands of the antenna operating in the CM mode and the
antenna operating in the DM mode are usually in single-
mode resonance, and it is difficult to cover a plurality of
frequency bands required for communication. In particu-
lar, space left by an electronic device for an antenna
structure is increasingly decreased. For a MIMO system,
a single antenna structure is required to implement cov-
erage of the plurality of frequency bands. Therefore, an
antenna with multi-mode resonance and high isolation is
of high research and practical value.
[0091] 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. 4 or may be a complete loop shown in FIG. 5, 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. 5, 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. 4 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. 4, 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. 5 may also be achieved.
[0092] Because the foregoing antenna structure may
have two operating modes (the electric fields are sym-
metrically distributed or anti-symmetrically distributed) in
which the electric field is orthogonal (an inner product of
the electric field is zero in the far field (integral quadra-
ture)), the antenna structure has good isolation between
the two operating modes, and may be used in a multi-
input multi-output (multi-input multi-output, MIMO) an-
tenna system in an electronic device.
[0093] FIG. 6 is a distribution diagram of currents of a
slot antenna according to an embodiment of this applica-
tion.
[0094] (a) in FIG. 6 is a distribution diagram of currents
in a case in which the slot antenna operates in a half-
wavelength mode, anti-symmetrical feed is used in the
slot antenna, and a current strong point of the slot anten-
na is in a region of the feed unit, and may correspond to
the CM mode.
[0095] A radiator itself has a plurality of modes that can
be obtained through excitation, and a corresponding
mode can be obtained through excitation as long as an
input impedance of the radiator is consistent with an
impedance of an excitation source. Therefore, when
an input impedance corresponding to the current distri-
bution shown in (a) in FIG. 6 is used for the excitation
source, the half-wavelength mode of the slot antenna can

be excited, and an (N‑1/2) wavelength mode of the slot
antenna can be excited, where N is a positive integer. For
the slot antenna or the wire antenna, the (N‑1/2) wave-
length mode may be considered as follows: A wavelength
corresponding to a resonance generated by the antenna
structure in thismode is approximately (N‑1/2) times of an
electrical length of a radiator in the antenna structure.
[0096] It should be understood that being approxi-
mately (N‑1/2) times means that due to an operating
environment of the antenna structure and settings of a
matching circuit and the like, a relationship between the
wavelength corresponding to the resonance generated
in the (N‑1/2) wavelength mode and the electrical length
of the radiator may not be strictly (N‑1/2) times, but a
specific error is allowed. In addition, the antenna struc-
ture has (N‑1/2)/(1/2) current nodes in the (N‑1/2) wave-
length mode.
[0097] (b) in FIG. 6 is a distribution diagram of currents
in a case in which the slot antenna operates in a one-
wavelength mode, symmetrical feed is used in the slot
antenna, and current strong points of the slot antenna are
on two sides of the slot, and may correspond to the DM
mode.
[0098] When an input impedance corresponding to the
current distribution shown in (b) in FIG. 6 is used for the
excitation source, the one-wavelength mode of the slot
antenna can be excited, and an N-wavelength mode of
the slot antenna can be excited, where N is a positive
integer. For the slot antenna or the wire antenna, the N-
wavelength mode may be considered as follows: A wa-
velength corresponding to a resonance generated by the
antenna structure in this mode is approximately N times
of an electrical length of a radiator in the antenna struc-
ture.
[0099] It should be understood that being approxi-
mately N times means that due to an operating environ-
ment of the antenna structure and settings of a matching
circuit and the like, a relationship between the wave-
length corresponding to the resonance generated in
the N-wavelength mode and the electrical length of the
radiator may not be strictly N times, but a specific error is
allowed. In addition, the antenna structure has N/(1/2)
current nodes in the N-wavelength mode.
[0100] Therefore, when an electrical length of the slot
antenna shown in FIG. 6 is twice an operating wave-
length, side feed (or referred to as "offset feed", where a
feed point deviates from a central region of the radiator) is
used in the slot antenna, and both a CM mode and a DM
mode of the slot antenna can be excited. The CM mode of
the slot antenna may include a half-wavelength mode
and a three-halves-wavelength mode, and the DM mode
of the slot antenna may include a one-wavelength mode
and a two-wavelength mode.
[0101] However, frequencies of resonances generated
in a low frequency multiplication mode (for example, the
one-wavelength mode) and a high frequency multiplica-
tion mode (for example, a two-wavelength mode) gen-
erally have a frequency multiplication characteristic.
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Therefore, it is difficult to make a resonant frequency
band generated in the low frequency multiplication mode
close to a resonant frequency band generated in the high
frequency multiplication mode, and a wide operating
bandwidth cannot be generated by using the low fre-
quency multiplication mode and the high frequency multi-
plication mode.
[0102] Embodiments of this application provide an an-
tenna structure. An electronic element is loaded in a
current region of a radiator, so that the radiator is con-
nected to a ground plane in the region. Then, a boundary
condition is adjusted, and an operating mode of the
antenna structure is changed, so that a low-frequency
resonant frequency band is adjusted to be close to a high-
frequency resonant frequency band. In this way, an op-
erating bandwidth of the antenna structure is expanded.
[0103] FIG. 7 is a diagram of an antenna structure 100
according to an embodiment of this application.
[0104] As shown in FIG. 7, the antenna structure 100
may include a radiator 110, a ground plane 120, a ground
element 121, a first electronic element 122, and a second
electronic element 123.
[0105] The antenna structure 100 is grounded through
the ground plane 120. A first end of the radiator 110 is
electrically connected to the ground plane 120 for
grounding, and a second end of the radiator 110 is
electrically connected to the ground plane 120 for
grounding.
[0106] A first end of the ground element 121 is elec-
trically connected to a central region 101 of the radiator
110, a second end of the ground element 121 is elec-
trically connected to the ground plane 120 for grounding,
and the ground element 121 is electrically connected
between the central region 101 of the radiator 110 and
the ground plane 120. It should be understood that the
central region 101 may be understood as a local region
within a specific range of a geometric center (physical
lengths of the radiator 110 on two sides of the center are
the same) or an electrical length center (electrical lengths
of the radiator 110 on two sides of the center are the
same) of the radiator 110, for example, a region within 5
mm from the center.
[0107] The radiator 110 includes a first current region
111 and a second current region 112. The central region
101 is between the first current region 111 and the second
current region 112. The first current region 111 includes
an electric field node generated by the antenna structure
100, and the second current region 112 includes an
electric field node generated by the antenna structure
100. It should be understood that the electric field node
may be understood as that when an electrical signal is fed
into the antenna structure 100, directions of electric fields
are reversed on two sides of the electric field node. The
electric field node corresponds to a current strong point.
The first current region 111 and the second current region
112 may be understood as regions within a specific range
from the electric field node or the current strong point. For
example, the first current region 111 and the second

current region 112 may be understood as regions within
5 mm from the electric field node or the current strong
point.
[0108] The first electronic element 122 and the second
electronic element 123 are respectively electrically con-
nected between the first current region 111 of the radiator
110 and the ground plane 120 and between the second
current region 112 of the radiator 110 and the ground
plane 120. A first end of the first electronic element 122 is
electrically connected to the first current region 111 of the
radiator 110, and a second end of the first electronic
element 122 is electrically connected to the ground plane
120 for grounding. A first end of the second electronic
element 123 is electrically connected to the second cur-
rent region 112 of the radiator 110, and a second end of
the second electronic element 123 is electrically con-
nected to the ground plane 120 for grounding.
[0109] In an embodiment, at least a part of the radiator
110 from the first end to the second end is configured to
generate a first resonance.
[0110] In an embodiment, an electrical length of the
radiator 110 may be twice a first wavelength. The antenna
structure 100 is an antenna structure designed based on
a two-wavelength. The first wavelength is a wavelength
corresponding to the first resonance. For example, the
first wavelength may be a wavelength corresponding to a
resonance point of the first resonance or may be a
wavelength corresponding to a center frequency corre-
sponding to a resonant frequency band generated by the
first resonance.
[0111] It should be understood that the ground element
may be configured to change a current and an electric
field of an original antenna structure in a CM mode, so as
to adjust an operating mode of the antenna structure.
[0112] When the ground element 121, the first electro-
nic element 122, and the second electronic element 123
are not disposed, the operating mode of the antenna
structure 100 may include a half-wavelength mode and
a three-halves-wavelength mode in the CM mode, and a
one-wavelength mode and a two-wavelength mode in a
DM mode. Corresponding distribution of currents and
electric fields is shown in FIG. 8.
[0113] It should be understood that the electric field
nodes (current strong points) that are generated by the
antenna structure 100 and that are included in the fore-
going current regions may be understood as current
nodes included in distribution of currents and electric
fields corresponding to a highest-order mode in the an-
tenna structure. In an embodiment, the electrical length
of the radiator 110 is twice the first wavelength, and
correspondingly, an electric field node (a current strong
point) generated by the antenna structure 100 may be
understood as an electric field node (a current strong
point) generated in the two-wavelength mode.
[0114] (a) and (c) in FIG. 8 are distribution diagrams of
electric fields and currents corresponding to the half-
wavelength mode and the three-halves-wavelength
mode in the CM mode. (b) and (d) in FIG. 8 are distribution
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diagrams of electric fields and currents corresponding to
the one-wavelength mode and the two-wavelength mode
in the DM mode. In the distribution diagrams shown as (a)
and (c) in FIG. 8, the central region of the radiator includes
a current node (an electric field strong point). In the
distribution diagrams shown as (b) and (d) in FIG. 8,
the central region of the radiator includes an electric field
node (a current strong point).
[0115] Therefore, when the ground element is electri-
cally connected between the central region and the
ground plane, the central region of the radiator is
short-circuited to the ground plane, and a boundary
condition of the central region is changed in the half-
wavelength mode and the three-halves-wavelength
mode in the CM mode, that is, the current node (electric
field strong point) is changed into the electric field node
(current strong point). (a) and (b) in FIG. 9 show distribu-
tion of currents and electric fields of the radiator in a case
in which the boundary condition of the central region is
changed, where the half-wavelength mode in the CM
mode is changed into the one-wavelength mode, and
the three-halves-wavelength mode in the CM mode is
changed into the two-wavelength mode.
[0116] However, in the one-wavelength mode and the
two-wavelength mode in the DM mode, an electric field
node (a current strong point) is in the central region of the
radiator, which is equivalent to a short circuit. In this case,
the ground element being electrically connected be-
tween the central region and the ground plane does
not change the boundary condition. Therefore, the
one-wavelength mode and the two-wavelength mode
in the DM mode do not change.
[0117] The first electronic element 122 and the second
electronic element 123 may be configured to change a
current and an electric field of the antenna structure 100
in the one-wavelength mode, so as to adjust the operat-
ing mode of the antenna structure 100.
[0118] When only the ground element 121 is disposed,
(b) in FIG. 8 and (a) in FIG. 9 are distribution diagrams of
electric fields and currents corresponding to the one-
wavelength modes in the CM mode and the DM mode.
The first current region 111 and the second current region
112 that separately include a current node (an electric
field strong point) exist between the central region of the
radiator and a first end (second end) of the radiator. In the
one-wavelength modes in the CM mode and the DM
mode, when electronic elements are respectively elec-
trically connected between the first current region 111
and the ground plane and between the second current
region 112 and the ground plane, because the regions
are electrically connected to the ground plane 120
through the electronic elements, boundary conditions
of the regions may be changed, and current nodes (elec-
tric field strong points) are changed into electric field
nodes (current strong points) in the regions. Because
the boundary conditions of the regions are changed,
distribution of electric fields and currents corresponding
to the one-wavelength modes in the CM mode and the

DM mode is changed correspondingly. (a) and (b) in FIG.
10 show distribution of currents and electric fields of the
radiator, where the one-wavelength mode is changed
into the two-wavelength mode.
[0119] However, in the two-wavelength modes in the
CM mode and the DM mode, the regions (the first current
region 111 and the second current region 112) that are
respectively connected to the first electronic element 122
and the second electronic element 123 each include an
electric field node (a current strong point), which is
equivalent to a short circuit. In this case, electronic ele-
ments being electrically connected between the regions
of the radiator and the ground plane does not change the
boundary conditions. Therefore, the two-wavelength
modes in the CM mode and the DM mode are not chan-
ged.
[0120] In view of this, the ground element is electrically
connected between the ground plane 120 and the central
region of the radiator 110, so that the operating mode of
the antenna structure can include two one-wavelength
modes (in the CM mode and the DM mode) and two two-
wavelength modes (in the CM mode and the DM mode).
In addition, the first electronic element and the second
electronic element are respectively electrically con-
nected between the first current region 111 of the radiator
110 and the ground plane 120 and between the second
current region 112 of the radiator 110 and the ground
plane 120, so that current nodes (electric field strong
points) in the first current region 111 and the second
current region 112 in the one-wavelength mode may
be changed into electric field nodes (current strong
points), and the operating mode may be changed from
the one-wavelength mode to the two-wavelength mode,
to form a new two-wavelength mode pair. In this case, the
operating mode of the antenna structure may be in-
creased to adjust a low-frequency resonant frequency
band to a high-frequency resonant frequency band, so
that the operating mode of the antenna structure includes
two two-wavelength modes in the CM mode and two two-
wavelength modes in the DM mode. In this way, four
resonances with close frequencies may be generated, to
expand an operating bandwidth of the antenna structure.
[0121] In an embodiment, the first electronic element
122 or the second electronic element 123 may be an
inductor, and an inductance of the first electronic element
122 or the second electronic element 123 is less than or
equal to a first threshold. For example, when a frequency
of the first resonance is less than or equal to 1.7 GHz, the
first threshold is 5 nH. When a frequency of the first
resonance is greater than 1.7 GHz and less than or equal
to 3 GHz, the first threshold is 3 nH. When a frequency of
the first resonance is greater than 3 GHz, the first thresh-
old is 2 nH.
[0122] It should be understood that the inductance of
the electronic element may be understood as an equiva-
lent inductance between the current region and the
ground plane. For example, when only a single electronic
element is electrically connected between the first cur-
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rent region 111 and the ground plane 120, an inductance
of the electronic element may be 3 nH. However, when
only two electronic elements are electrically connected
between the first current region 111 and the ground plane
120, inductances of the two electronic elements may be
both 6 nH, and an equivalent inductance between the first
current region 111 and the ground plane 120 is also 3 mH,
so that same technical effect can be achieved. Alterna-
tively, it may be understood that the threshold accordingly
changes as more electronic elements are electrically
connected between the current region and the ground
plane. For brevity of description, in the following embodi-
ments, descriptions of a threshold of an electronic ele-
ment may understood with reference.
[0123] In an embodiment, the first electronic element
122 or the second electronic element 123 may be a
capacitor, and a capacitance of the first electronic ele-
ment 122 or the second electronic element 123 is less
than or equal to a second threshold. For example, the
second threshold may be 50 pF.
[0124] In an embodiment, the first electronic element
122 or the second electronic element 123 may be a
resistor. For example, a resistance of the first electronic
element 122 or the second electronic element 123 may
be 0 ohm.
[0125] It should be understood that the first electronic
element 122 and the second electronic element 123 are
respectively electrically connected between the first cur-
rent region 111 and the ground plane 120 and between
the second current region 112 and the ground plane 120,
so that the regions of the radiator 110 are short-circuited
to the ground plane 120, to change boundary conditions
of the first current region 111 and the second current
region 112. The first electronic element 122 and the
second electronic element 123 each may be an inductor
with a small inductance, a capacitor with a large capaci-
tance, a resistor with a small resistance, or a circuit
including a capacitor or an inductor. This is not limited
in this application.
[0126] In an embodiment, the ground element 121 may
be an inductor, and all inductances of the ground element
121 are less than or equal to a third threshold. For
example, when a frequency of the first resonance is less
than or equal to 1.7 GHz, the third threshold is 5 nH. When
a frequency of the first resonance is greater than 1.7 GHz
and less than or equal to 3 GHz, the third threshold is 3
nH. When a frequency of the first resonance is greater
than 3 GHz, the third threshold is 2 nH.
[0127] In an embodiment, the ground element 121 may
be a capacitor, and all capacitances of the ground ele-
ment 121 are less than or equal to a fourth threshold. For
example, the fourth threshold may be 50 pF.
[0128] In an embodiment, the ground element 121 may
be a resistor. For example, a resistance of the ground
element 121 may be 0 ohm.
[0129] In an embodiment, the antenna structure 100
may include a feed unit 130. The antenna structure 100
may perform feeding through edge feeding (a joint (a feed

point) between the feed unit 130 and the radiator 220
deviates from the central region of the radiator), so that
both the CM mode and the DM mode may be excited. In
an embodiment, the feed unit 130 may be electrically
connected to one end of the radiator 110, to feed an
electrical signal and excite a plurality of operating modes.
[0130] FIG. 11 to FIG. 14 are diagrams of simulation
results of the antenna structure shown in FIG. 7. FIG. 11
shows S-parameters of the antenna structure shown in
FIG. 7. FIG. 12 shows simulation results of radiation
efficiency and total efficiency of the antenna structure
shown in FIG. 7. FIG. 13 shows corresponding S-para-
meters of the antenna structure, as shown in FIG. 7, in
which a first electronic element and a second electronic
element are changed. FIG. 14 shows corresponding
simulation results of radiation efficiency and total effi-
ciency of the antenna structure, as shown in FIG. 7, in
which the first electronic element and the second elec-
tronic element are changed.
[0131] It should be understood that, for brevity of de-
scription, in this embodiment, an example in which the
first electronic element and the second electronic ele-
ment are inductors, an inductance L1 of the first electro-
nic element is 4 nH, an inductance L2 of the second
electronic element is 2 nH, a length of the radiator in
an extension direction (in an x direction) is 62.8 mm, a
width (in a y direction) of the radiator is 4 mm, and a
distance (in the x direction) between two ends of the
radiator is 12.4 mm is merely used for description. In
an actual application, adjustment may be performed
based on an actual production or design requirement.
[0132] As shown in FIG. 11, when the first electronic
element and the second electronic element are not elec-
trically connected between the radiator and the ground
plane, and only the ground element (the ground element
is a resistor) (a resistance L0=0 ohm) is electrically con-
nected between the central region of the radiator and the
ground plane, in the CM mode, the half-wavelength mode
is changed into the one-wavelength mode, and the three-
halves-wavelength mode is changed into the two-wave-
length mode, and in the DM mode, the one-wavelength
mode and the two-wavelength mode are not changed.
[0133] When the ground element is electrically con-
nected between the central region and the ground plane,
and the first electronic element and the second electronic
element are electrically connected between the radiator
and the ground plane, the one-wavelength modes in the
CM mode and the DM mode are changed into new two-
wavelength modes to form a new two-wavelength mode
pair, and the original two-wavelength modes in the CM
mode and the DM mode are not changed.
[0134] The antenna structure includes the new two-
wavelength mode pair and the original two-wavelength
mode pair, namely, four two-wavelength modes in total,
so that an operating frequency band (with S11<‑4 dB as a
boundary) of the antenna structure may include 1.8 GHz
to 3.2 GHz.
[0135] As shown in FIG. 12, the antenna structure has
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good efficiency (total efficiency and radiation efficiency)
in a frequency band corresponding to a resonance gen-
erated in each mode.
[0136] As shown in FIG. 13, a frequency difference
between the new two-wavelength mode pair (two two-
wavelength modes formed by the one-wavelength
modes in the CM mode and the DM mode) and the
original two-wavelength mode pair (two-wavelength
modes formed in the CM mode and the DM mode after
the ground element is electrically connected between the
central region and the ground plane) may be adjusted
when the inductance L1 of the first electronic element
electrically connected between the radiator and the
ground plane and the inductance L2 of the second elec-
tronic element electrically connected between the radia-
tor and the ground plane are changed. For example,
when the inductance L1 of the first electronic element
and the inductance L2 of the second electronic element
decrease, the frequency difference between the new
two-wavelength mode pair and the original two-wave-
length mode pair decreases, and the new two-wave-
length mode pair is close to the original two-wavelength
mode pair.
[0137] As shown in FIG. 14, when the inductance L1 of
the first electronic element electrically connected be-
tween the radiator and the ground plane and the induc-
tance L2 of the second electronic element electrically
connected between the radiator and the ground plane are
changed, efficiency (total efficiency and radiation effi-
ciency) is good in a frequency band corresponding to a
resonance generated in the new two-wavelength mode
pair.
[0138] FIG. 15 to FIG. 17 are distribution diagrams of
currents of the antenna structure 100 shown in FIG. 7.
FIG. 15 is a distribution diagram of currents in a case in
which the ground element, the first electronic element,
and the second electronic element are not disposed. FIG.
16 is a distribution diagram of currents in a case in which
only the ground element is disposed. FIG. 17 is a dis-
tribution diagram of currents in a case in which the ground
element, the first electronic element, and the second
electronic element are disposed.
[0139] Distribution of currents in FIG. 15 may corre-
spond to distribution of currents at different frequencies in
an S11 curve shown in FIG. 11 in a case in which the
ground element, the first electronic element, and the
second electronic element are not disposed.
[0140] (a) in FIG. 15 is a distribution diagram of cur-
rents at 1.1 GHz, and may correspond to the half-wave-
length mode in the CM mode. (b) in FIG. 15 is a distribu-
tion diagram of currents at 1.65 GHz, and may corre-
spond to the one-wavelength mode in the DM mode. (c) in
FIG. 15 is a distribution diagram of currents at 2.05 GHz,
and may correspond to the three-halves-wavelength
mode in the CM mode. (d) in FIG. 15 is a distribution
diagram of currents at 2.65 GHz, and may correspond to
the two-wavelength mode in the DM mode.
[0141] Distribution of currents in FIG. 16 may corre-

spond to distribution of currents at different frequencies in
an S11 curve shown in FIG. 11 in a case in which the
ground element is disposed, and the first electronic ele-
ment and the second electronic element are not dis-
posed.
[0142] (a) in FIG. 16 is a distribution diagram of cur-
rents at 1.45 GHz, and may correspond to the one-
wavelength mode in the CM mode, where the central
region (ground element connection region) of the radiator
includes an electric field node (a current strong point). (b)
in FIG. 16 is a distribution diagram of currents at 1.7 GHz,
and may correspond to the one-wavelength mode in the
DM mode. Distribution of the currents in (b) in FIG. 16 is
the same as the distribution of the currents in the one-
wavelength mode in the DM mode in (b) in FIG. 15. (c) in
FIG. 16 is a distribution diagram of currents at 2.5 GHz,
and may correspond to the two-wavelength mode in the
CM mode, where the central region (ground element
connection region) of the radiator includes an electric
field node (a current strong point). (d) in FIG. 16 is a
distribution diagram of currents at 2.7 GHz, and may
correspond to the two-wavelength mode in the DM mode.
Distribution of the currents in (d) in FIG. 16 is the same as
the distribution of the currents in the two-wavelength
mode in the DM mode in (d) in FIG. 15.
[0143] The ground element is electrically connected
between the central region of the radiator and the ground
plane, so that the radiator is short-circuited in the central
region, to change a boundary condition of the region in
the CM mode. In this case, an operating mode in the CM
mode can be increased, so that a resonance generated in
the CM mode is close to a resonance generated in the DM
mode.
[0144] Distribution of currents in FIG. 17 may corre-
spond to distribution of currents at different frequencies in
an S11 curve shown in FIG. 11 in a case in which the
ground element, the first electronic element, and the
second electronic element are disposed.
[0145] (a) in FIG. 17 is a distribution diagram of cur-
rents at 2 GHz, and may correspond to the two-wave-
length mode in the CM mode, where the first current
region (first electronic element connection region) and
the second current region (second electronic element) of
the radiator each include an electric field node (a current
strong point). (b) in FIG. 17 is a distribution diagram of
currents at 2.25 GHz, and may correspond to the two-
wavelength mode in the DM mode, where the first current
region (first electronic element connection region) and
the second current region (second electronic element) of
the radiator each include an electric field node (a current
strong point). (c) in FIG. 17 is a distribution diagram of
currents at 2.7 GHz, and may correspond to the two-
wavelength mode in the CM mode. Distribution of the
currents in (c) in FIG. 17 is the same as the distribution of
the currents in the two-wavelength mode in the CM mode
in (c) in FIG. 16. (d) in FIG. 17 is a distribution diagram of
currents at 3.1GHz, and may correspond to the two-
wavelength mode in the DM mode. Distribution of the
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currents in (d) in FIG. 17 is the same as the distribution of
the currents in the two-wavelength mode in the DM mode
in (d) in FIG. 16.
[0146] Electronic elements are respectively electrically
connected between the first current region of the radiator
and the ground plane and between the second current
region of the radiator and the ground plane, so that the
radiator is short-circuited in the first current region and the
second current region, to change a boundary conditions
of the region in the one-wavelength mode. In this case,
the one-wavelength mode is increased to the new two-
wavelength mode, and the original two-wavelength
mode remains unchanged, so that a resonance gener-
ated in the new two-wavelength mode is close to a high-
frequency resonance (a resonance generated in the
original two-wavelength mode).
[0147] FIG. 18 is a diagram of another antenna struc-
ture 100 according to an embodiment of this application.
[0148] As shown in FIG. 18, the antenna structure 100
may include a radiator 110, a ground plane 120, a ground
element 121, a first electronic element 122, and a second
electronic element 123.
[0149] The antenna structure 100 is grounded through
the ground plane 120. A first end of the radiator 110 is
electrically connected to the ground plane 120 for
grounding, and a second end of the radiator 110 is
electrically connected to the ground plane 120 for
grounding.
[0150] A first end of the ground element 121 is elec-
trically connected to a central region 101 of the radiator
110, a second end of the ground element 121 is elec-
trically connected to the ground plane 120 for grounding,
and the ground element 121 is electrically connected
between the central region 101 of the radiator 110 and
the ground plane 120.
[0151] The radiator 110 includes a first current region
111 and a second current region 112. The central region
101 is between the first current region 111 and the second
current region 112. The first current region 111 includes
an electric field node generated by the antenna structure
100, and the second current region 112 includes an
electric field node generated by the antenna structure
100.
[0152] The first electronic element 122 and the second
electronic element 123 are respectively electrically con-
nected between the first current region 111 of the radiator
110 and the ground plane 120 and between the second
current region 112 of the radiator 110 and the ground
plane 120. A first end of the first electronic element 122 is
electrically connected to the first current region 111 of the
radiator 110, and a second end of the first electronic
element 122 is electrically connected to the ground plane
120 for grounding. A first end of the second electronic
element 123 is electrically connected to the second cur-
rent region 112 of the radiator 110, and a second end of
the second electronic element 123 is electrically con-
nected to the ground plane 120 for grounding.
[0153] It should be understood that the ground element

may be configured to change a current and an electric
field of the original antenna structure in a DM mode, so as
to adjust an operating mode of the antenna structure.
[0154] A difference between the antenna structure 100
shown in FIG. 18 and the antenna structure 100 shown in
FIG. 7 lies in that a length of the radiator 110 in the
antenna structure 100 shown in FIG. 18 is equal to a
distance between the first end and the second end, and
the radiator 110 and the ground plane 120 enclose a
linear (for example, a strip) slot; while a length of the
radiator 110 in the antenna structure 100 shown in FIG. 7
is far greater than a distance between the first end and the
second end, and the radiator 110 and the ground plane
120 enclose a non-linear (T-shaped or bent) slot. In an
embodiment, the antenna structure 100 shown in FIG. 18
is a slot antenna (slot antenna). In an embodiment, the
antenna structure 100 shown in FIG. 7 is a loop antenna
(loop antenna). In an embodiment, that the distance L1
between the first end and the second end is approxi-
mately the same as the length L2 of the radiator may be
understood as L2×80%≤L1≤L2×120%, for example,
L2×90%≤L1≤L2×110%. In an embodiment, that the
length L2 of the radiator is far greater than the distance
L1 between the first end and the second end may be
understood that L1≤L2×50%, forexample, L1<L2×30%.
It should be understood that, when a ratio of the distance
L1 between the first end and the second end to the length
L2 of the radiator is between ratios for forming a loop
antenna and a slot antenna (for example,
L2×30%≤L1≤L2×80%), the antenna structure may have
characteristics of both the slot antenna and the loop
antenna.
[0155] In an embodiment, an electronic device with the
antenna structure further includes a part of a conductive
bezel 11. The bezel 11 has a first position 141 and a
second position 142, and a first bezel between the first
position 141 and the second position 142 is used as the
radiator 110, as shown in FIG. 19. It should be understood
that the first position 141 and the second position 142 of
the bezel 11 are continuous with a remaining part of the
bezel 11. In addition, the first position 141 and the second
position 142 may respectively correspond to the first end
and the second end of the radiator 110.
[0156] It should be understood that the bezel (for ex-
ample, the first bezel) may be a conductive bezel, or a
non-conductive bezel that may have a conductive patch
(disposed on an inner surface or disposed in an em-
bedded manner), and in this case, a conductive part of
the first bezel is used as the radiator 110 of the antenna
structure 100. It should be understood that, in this em-
bodiment of this application, the first bezel at a grounding
position (for example, the first position 141 and the sec-
ond position 142) is continuous with another part of the
bezel, and actually, a slot may be provided between the
first bezel and the another part of the bezel. For a non-
conductive bezel, a conductive patch may include only a
part that is shown in FIG. 18 and that is used as a radiator
and a parasitic radiator, or may be continuously or dis-
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continuously disposed near another conductive patch.
[0157] FIG. 20 and FIG. 21 are diagrams of simulation
results of the antenna structure shown in FIG. 18. FIG. 20
shows S-parameters of the antenna structure shown in
FIG. 18. FIG. 21 shows simulation results of radiation
efficiency and total efficiency of the antenna structure
shown in FIG. 18.
[0158] It should be understood that, for brevity of de-
scription, in this embodiment, an example in which the
first electronic element and the second electronic ele-
ment are inductors, an inductance L1 of the first electro-
nic element is 1 nH, an inductance L2 of the second
electronic element is 1 nH, a length of the radiator in
an extension direction (in an x direction) is 76 mm, and a
width (in a y direction) of the radiator is 32 mm is merely
used for description. In an actual application, adjustment
may be performed based on an actual production or
design requirement.
[0159] As shown in FIG. 20, when the first electronic
element and the second electronic element are not elec-
trically connected between the radiator and the ground
plane, and only the ground element (the ground element
is an inductor) (an inductance L0=0.8 nH) is electrically
connected between the central region of the radiator and
the ground plane, in a CM mode, a half-wavelength mode
is changed into a one-wavelength mode, and a three-
halves-wavelength mode is changed into a two-wave-
length mode, and in a DM mode, a one-wavelength mode
and a two-wavelength mode are not changed.
[0160] When the ground element is electrically con-
nected between the central region and the ground plane,
and the first electronic element and the second electronic
element are electrically connected between the radiator
and the ground plane, the one-wavelength modes in the
CM mode and the DM mode are changed into two-wa-
velength modes to form a new two-wavelength mode
pair, and the original two-wavelength modes in the CM
mode and the DM mode are not changed.
[0161] The antenna structure includes the new two-
wavelength mode pair and the original two-wavelength
mode pair, namely, four two-wavelength modes in total,
so that an operating frequency band (with S11<‑4 dB as a
boundary) of the antenna structure may include 1.8 GHz
to 2.7 GHz.
[0162] As shown in FIG. 21, the antenna structure has
good efficiency (total efficiency and radiation efficiency)
in a frequency band corresponding to a resonance gen-
erated in each mode.
[0163] FIG. 22 to FIG. 24 are distribution diagrams of
electric fields/magnetic currents of the antenna structure
100 shown in FIG. 18. FIG. 22 is a distribution diagram of
electric fields/magnetic currents in a case in which the
ground element, the first electronic element, and the
second electronic element are not disposed. FIG. 23 is
a distribution diagram of electric fields/magnetic currents
in a case in which only the ground element is disposed.
FIG. 24 is a distribution diagram of electric fields/mag-
netic currents in a case in which the ground element, the

first electronic element, and the second electronic ele-
ment are disposed.
[0164] FIG. 22 may correspond to distribution of elec-
tric fields/magnetic currents at different frequencies in an
S11 curve shown in FIG. 20 in a case in which the ground
element, the first electronic element, and the second
electronic element are not disposed.
[0165] (a) in FIG. 22 is a distribution diagram of electric
fields/magnetic currents at 0.67 GHz, and may corre-
spond to a half-wavelength mode in the DM mode. (b) in
FIG. 22 is a distribution diagram of electric fields/mag-
netic currents at 1.35 GHz, and may correspond to the
one-wavelength mode in the CM mode. (c) in FIG. 22 is a
distribution diagram of electric fields/magnetic currents at
2.05 GHz, and may correspond to a three-halves-wave-
length mode in the DM mode. (d) in FIG. 23 is a distribu-
tion diagram of electric fields/magnetic currents at 2.7
GHz, and may correspond to the two-wavelength mode
in the CM mode.
[0166] FIG. 23 may correspond to distribution of cur-
rents at different frequencies in an S11 curve shown in
FIG. 20 in a case in which the ground element is dis-
posed, and the first electronic element and the second
electronic element are not disposed.
[0167] (a) in FIG. 23 is a distribution diagram of cur-
rents at 1.15 GHz, and may correspond to the one-
wavelength mode in the DM mode, where the central
region (ground element connection region) of the radiator
includes an electric field node (a current strong point). (b)
in FIG. 23 is a distribution diagram of currents at 1.35
GHz, and may correspond to the one-wavelength mode
in the CM mode. Distribution of the currents in (b) in FIG.
23 is the same as the distribution of the currents in the
one-wavelength mode in the CM mode in (b) in FIG. 22.
(c) in FIG. 23 is a distribution diagram of currents at 2.4
GHz, and may correspond to the two-wavelength mode
in the DM mode, where the central region (ground ele-
ment connection region) of the radiator includes an elec-
tric field node (a current strong point), and there are
electric field nodes (current strong points) between the
central region and two ends of the radiator. (d) in FIG. 23
is a distribution diagram of currents at 2.7 GHz, and may
correspond to the two-wavelength mode in the CM mode.
Distribution of the currents in (d) in FIG. 23 is the same as
the distribution of the currents in the two-wavelength
mode in the CM mode in (d) in FIG. 22.
[0168] The ground element is electrically connected
between the central region of the radiator and the ground
plane, so that the radiator is short-circuited in the central
region, to change a boundary condition of the region in
the DM mode. In this case, an operating mode in the DM
mode can be increased, so that a resonance generated in
the DM mode is close to a resonance generated in the CM
mode.
[0169] FIG. 24 may correspond to distribution of cur-
rents at different frequencies in an S11 curve shown in
FIG. 20 in a case in which the ground element, the first
electronic element, and the second electronic element

5

10

15

20

25

30

35

40

45

50

55



20

37 EP 4 539 247 A1 38

are disposed.
[0170] (a) in FIG. 24 is a distribution diagram of cur-
rents at 1.85 GHz, and may correspond to the two-wa-
velength mode in the DM mode, where the first current
region (first electronic element connection region) and
the second current region (second electronic element) of
the radiator each include an electric field node (a current
strong point). (b) in FIG. 24 is a distribution diagram of
currents at 2.15 GHz, and may correspond to the two-
wavelength mode in the CM mode, where the first current
region (first electronic element connection region) and
the second current region (second electronic element) of
the radiator each include an electric field node (a current
strong point). (c) in FIG. 24 is a distribution diagram of
currents at 2.45 GHz, and may correspond to the two-
wavelength mode in the DM mode. Distribution of the
currents in (c) in FIG. 24 is the same as the distribution of
the currents in the two-wavelength mode in the DM mode
in (c) in FIG. 23. (d) in FIG. 24 is a distribution diagram of
currents at 2.7 GHz, and may correspond to the two-
wavelength mode in the CM mode. Distribution of the
currents in (d) in FIG. 24 is the same as the distribution of
the currents in the two-wavelength mode in the CM mode
in (d) in FIG. 23.
[0171] Electronic elements are respectively electrically
connected between the first current region of the radiator
and the ground plane and between the second current
region of the radiator and the ground plane, so that the
radiator is short-circuited in the first current region and the
second current region, to change boundary conditions of
the regions in the one-wavelength mode. In this case, the
one-wavelength mode is increased to the new two-wa-
velength mode, and the original two-wavelength mode
remains unchanged, so that a resonance generated in
the new two-wavelength mode is close to a high-fre-
quency resonance (a resonance generated in the original
two-wavelength mode).
[0172] FIG. 25 is a diagram of still another antenna
structure 100 according to an embodiment of this appli-
cation.
[0173] It should be understood that, for brevity of de-
scription, the antenna structure 100 shown in FIG. 25
may be any one of the foregoing antenna structures (for
example, the loop antenna shown in FIG. 7 or the slot
antenna shown in FIG. 20), or may be any one of antenna
structures in the following embodiments. In this embodi-
ment, an example in which the antenna structure 100 is
the slot antenna shown in FIG. 20 is merely used for
description. In an actual application, adjustment may be
performed based on an actual production or design re-
quirement. This is not limited in embodiments of this
application.
[0174] As shown in FIG. 25, the antenna structure 100
may further include a first filter 131 and a second filter
132.
[0175] The first filter 131 is electrically connected be-
tween a first current region 111 and a first electronic
element 122, and the second filter 132 is electrically

connected between a second current region 112 and a
second electronic element 123. The first filter 131 and the
second filter 132 are in a turned-on state (a low impe-
dance, a low insertion loss, and a short-circuit state) in a
first frequency band, and are in a turned-off state (a high
impedance, a high insertion loss, and an open-circuit
state) in a second frequency band. A frequency of the
first frequency band is higher than a frequency of the
second frequency band.
[0176] In an embodiment, the first filter 131 and the
second filter 132 may be high-pass filters. For example,
each of the first filter 131 and the second filter 132 may
include a capacitor and an inductor to form an LC oscilla-
tion structure. It should be understood that types of the
first filter 131 and the second filter 132 are not limited in
embodiments of this application, and may be adjusted
based on an actual production or design requirement.
[0177] It should be understood that when the first filter
131 and the second filter 132 are not disposed, the
antenna structure 100 may generate a first resonance
(a new two-wavelength mode in a DM mode), a second
resonance (a new two-wavelength mode in a CM mode),
a third resonance (an original two-wavelength mode in
the DM mode), and a fourth resonance (an original two-
wavelength mode in the CM mode). When the first elec-
tronic element 122 and the second electronic element
123 are not disposed, the antenna structure 100 may
generate a fifth resonance (a one-wavelength mode in a
DM mode), a sixth resonance (a one-wavelength mode in
a CM mode), a third resonance, and a fourth resonance.
[0178] Therefore, when the first frequency band in-
cludes a resonant frequency band of the first resonance,
a resonant frequency band of the second resonance, a
resonant frequency band of the third resonance, and a
resonant frequency band of the fourth resonance, the
second frequency band includes a resonant frequency
band of the fifth resonance and a resonant frequency
band of the sixth resonance. The first filter 131 and the
second filter 132 are in the turned-on state in the first
frequency band. In this case, the first electronic element
122 and the second electronic element 123 are electri-
cally connected to the radiator 110, and the antenna
structure 100 may generate the first resonance, the
second resonance, the third resonance, and the fourth
resonance. The first filter 131 and the second filter 132
are in the turned-off state in the second frequency band.
In this case, the first electronic element 122 and the
second electronic element 123 are disconnected from
and are not electrically connected to the radiator 110, and
the antenna structure 100 may additionally generate the
fifth resonance and the sixth resonance.
[0179] The first filter 131 and the second filter 132 are
electrically connected between the radiator and the elec-
tronic element, so that an electrical connection state (a
short circuit state or an open circuit state) between the
electronic element and the radiator can be adjusted by
using an impedance characteristic, and an operating
bandwidth of the antenna structure 100 can be further
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expanded by using the one-wavelength mode in the DM
mode and the one-wavelength mode in the CM mode.
[0180] FIG. 26 and FIG. 27 are diagrams of simulation
results of the antenna structure shown in FIG. 25. FIG. 26
shows S-parameters of the antenna structure shown in
FIG. 25. FIG. 27 shows simulation results of radiation
efficiency and total efficiency of the antenna structure
shown in FIG. 25.
[0181] It should be understood that, for brevity of de-
scription, in this embodiment of this application, an ex-
ample in which an LC filter with the first filter 131 and the
second filter 132 being connected in parallel is merely
used for description. In the filter, a capacitance of a
capacitor is 3 pF, an inductance of an inductor is 5 nH,
an inductance of the first electronic element is 4 nH, and
an inductance of the second electronic element is 3 nH.
[0182] FIG. 26 shows an S11 curve in a case in which
the first electronic element and the second electronic
element are electrically connected between the radiator
and the ground plane (the electronic elements are con-
nected), the first electronic element and the second
electronic element are not disposed between the radiator
and the ground plane (the electronic elements are dis-
connected), and the filter is electrically connected be-
tween the electronic element and the radiator.
[0183] The antenna structure can generate six reso-
nant frequency bands at a low frequency and a high
frequency by using a high-resistance characteristic
(equivalent to a case in which the electronic element is
disconnected from the radiator) of the filter at the low
frequency (a frequency band corresponding to the one-
wavelength mode) and a low-resistance characteristic
(equivalent to a case in which the electronic element is
short-circuited to the radiator) of the filter at the high
frequency (a frequency band corresponding to the two-
wavelength mode), to expand the operating bandwidth of
the antenna structure.
[0184] As shown in FIG. 27, the antenna structure has
good efficiency (total efficiency and radiation efficiency)
in a frequency band corresponding to a resonance gen-
erated in each mode.
[0185] FIG. 28 is a diagram of still another antenna
structure 100 according to an embodiment of this appli-
cation.
[0186] As shown in FIG. 28, the antenna structure 100
may include a radiator 110, a ground plane 120, a first
electronic element 122, and a second electronic element
123.
[0187] The antenna structure 100 is grounded through
the ground plane 120. A first end of the radiator 110 is
electrically connected to the ground plane 120 for
grounding, and a second end of the radiator 110 is
electrically connected to the ground plane 120 for
grounding.
[0188] A slot 121 is provided in a central region 101 of
the radiator 110. The radiator 110 includes a first current
region 111 and a second current region 112. The central
region 101 is between the first current region 111 and the

second current region 112. The first current region 111
includes an electric field node generated by the antenna
structure 100, and the second current region 112 includes
an electric field node generated by the antenna structure
100.
[0189] The first electronic element 122 and the second
electronic element 123 are respectively electrically con-
nected between the first current region 111 of the radiator
110 and the ground plane 120 and between the second
current region 112 of the radiator 110 and the ground
plane 120. A first end of the first electronic element 122 is
electrically connected to the first current region 111 of the
radiator 110, and a second end of the first electronic
element 122 is electrically connected to the ground plane
120 for grounding. A first end of the second electronic
element 123 is electrically connected to the second cur-
rent region 112 of the radiator 110, and a second end of
the second electronic element 123 is electrically con-
nected to the ground plane 120 for grounding.
[0190] In the antenna structure 100 shown in FIG. 28
and the antenna structure 100 shown in FIG. 7, the
radiator 110 and the ground plane 120 enclose a non-
linear (T-shaped or bent) slot to form a loop antenna. A
difference between the antenna structure 100 shown in
FIG. 28 and the antenna structure 100 shown in FIG. 7
lies in that an electrical length of the radiator 110 in the
antenna structure 100 shown in FIG. 28 is three halves of
a first wavelength, and an electrical length of the radiator
110 in the antenna structure 100 shown in FIG. 7 is twice
the first wavelength.
[0191] It should be understood that the slot 121 pro-
vided in the central region 101 may be used to change an
original current and electric field of the antenna structure
in a DM mode, and increase the DM mode of the antenna
structure.
[0192] When the slot 121, the first electronic element
122, and the second electronic element 123 are not
disposed, an operating mode of the antenna structure
100 may include a half-wavelength mode and a three-
halves-wavelength mode in a CM mode, and a one-
wavelength mode in the DM mode. FIG. 29 shows cor-
responding distribution of currents and electric fields.
Compared with the antenna structure 100 shown in
FIG. 7, in the antenna structure 100 shown in FIG. 28,
the electrical length of the radiator 110 is reduced from
twice the first wavelength to three halves of the first
wavelength. Therefore, the two-wavelength mode in
the DM mode cannot be excited.
[0193] It should be understood that the electric field
nodes (current strong points) that are generated by the
antenna structure 100 and that are included in the fore-
going current regions may be understood as current
nodes included in distribution of currents and electric
fields corresponding to a highest-order mode in the an-
tenna structure. In an embodiment, the electrical length
of the radiator 110 is three halves of the first wavelength,
and correspondingly, an electric field node (a current
strong point) generated by the antenna structure 100
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may be understood as an electric field node (a current
strong point) generated in the three-halves-wavelength
mode.
[0194] (a) and (c) in FIG. 29 are distribution diagrams of
electric fields and currents corresponding to the half-
wavelength mode and the three-halves-wavelength
mode in the CM mode. (b) and (d) in FIG. 29 are distribu-
tion diagrams of electric fields and currents correspond-
ing to the one-wavelength mode and the two-wavelength
mode in the DM mode. In the distribution diagrams shown
as (a) and (c) in FIG. 29, the central region of the radiator
includes a current node (an electric field strong point). In
the distribution diagram shown as (b) in FIG. 29, the
central region of the radiator includes an electric field
node (a current strong point).
[0195] Therefore, when the slot 121 is provided in the
central region, a current on the radiator is cut off in the
central region, to form a current node (an electric field
strong point). In the one-wavelength mode in the DM
mode, a boundary condition of the central region is
changed, that is, the electric field node (current strong
point) is changed into the current node (electric field
strong point). (a) and (c) in FIG. 30 show distribution of
currents and electric fields of the radiator in a case in
which the boundary condition of the central region is
changed, where in the DM mode, the one-wavelength
mode disappears, distribution of generated currents and
electric fields may correspond to the half-wavelength
mode and the three-halves-wavelength mode.
[0196] (b) and (d) in FIG. 30 show distribution of cur-
rents and electric fields of the radiator in the half-wave-
length mode and the three-halves-wavelength mode in
the CM mode. A current node (an electric field strong
point) is in the central region of the radiator, indicating that
a current is cut off in the central region, and the slot
provided in the central region does not change the bound-
ary condition. Therefore, the half-wavelength mode and
the three-halves-wavelength mode in the CM mode are
not changed.
[0197] The first electronic element 122 and the second
electronic element 123 may be configured to change a
current and an electric field of the antenna structure 100
in the half-wavelength mode, so as to adjust the operating
mode of the antenna structure 100.
[0198] When the slot 121 is provided in the central
region, (c) and (d) in FIG. 30 are distribution diagrams
of electric fields and currents corresponding to the three-
halves-wavelength modes in the CM mode and the DM
mode. The first current region 111 and the second current
region 112 that separately include an electric field node (a
current strong point) exist between the central region of
the radiator and the first end (second end) of the radiator.
In the half-wavelength modes in the CM mode and the
DM mode, when electronic elements are respectively
electrically connected between the first current region
111 and the ground plane and between the second cur-
rent region 112 and the ground plane, because the re-
gions are electrically connected to the ground plane 120

through the electronic elements, the radiator is short-
circuited between the regions and the ground plane,
boundary conditions of the regions may be changed,
and electric field nodes (current strong points) appear
in the regions. Because the boundary conditions of the
regions are changed, distribution of electric fields and
currents corresponding to the half-wavelength modes in
the CM mode and the DM mode is changed correspond-
ingly. (a) and (b) in FIG. 31 show distribution of currents
and electric fields of the radiator, where the half-wave-
length mode is changed into the three-halves-wave-
length mode.
[0199] (c) and (d) in FIG. 31 are distribution diagrams of
electric fields and currents corresponding to the three-
halves-wavelength mode in the CM mode and the DM
mode. The regions (the first current region 111 and the
second current region 112) that are respectively con-
nected to the first electronic element 122 and the second
electronic element 123 each include an electric field node
(a current strong point), which is equivalent to a short
circuit. In this case, electronic elements being electrically
connected between the regions of the radiator and the
ground plane does not change the boundary conditions.
Therefore, the three-halves-wavelength modes in the
CM mode and the DM mode are not changed.
[0200] In view of this, the slot 121 is provided in the
central region of the radiator 110, so that the operating
mode of the antenna structure can include two half-
wavelength modes (in the CM mode and the DM mode)
and two three-halves-wavelength modes (in the CM
mode and the DM mode). In addition, the first electronic
element and the second electronic element are respec-
tively electrically connected between the first current
region 111 of the radiator 110 and the ground plane
120 and between the second current region 112 of the
radiator 110 and the ground plane 120, so that electric
field nodes (current strong points) may appear in the first
current region 111 and the second current region 112 in
the half-wavelength mode, and the operating mode may
be changed from the half-wavelength mode to the three-
halves-wavelength mode, to form a new three-halves-
wavelength modepair. In this case, the operating mode of
the antenna structure may be increased to adjust a low-
frequency resonant frequency band to a high-frequency
resonant frequency band, so that the operating mode of
the antenna structure includes two three-halves-wave-
length modes in the CM mode and two three-halves-
wavelength modes in the DM mode. In this way, four
resonances with close frequencies may be generated, to
expand an operating bandwidth of the antenna structure.
[0201] In an embodiment, the antenna structure 100
may further include a third electronic element 124, and
the third electronic element 124 may be electrically con-
nected between radiators on two sides of the slot 121. It
should be understood that the third electronic element
124 may be configured to adjust a frequency of a reso-
nance generated in the DM mode. In an embodiment, the
third electronic element 124 may be a capacitor, and a
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capacitance of the third electronic element 124 may be
adjusted based on actual production or design.
[0202] FIG. 32 and FIG. 33 are diagrams of simulation
results of the antenna structure shown in FIG. 28. FIG. 32
shows S-parameters of the antenna structure shown in
FIG. 28. FIG. 33 shows simulation results of radiation
efficiency and total efficiency of the antenna structure
shown in FIG. 28.
[0203] It should be understood that, for brevity of de-
scription, in this embodiment, an example in which the
first electronic element and the second electronic ele-
ment are inductors, an inductance L1 of the first electro-
nic element is 1.5 nH, an inductance L2 of the second
electronic element is 2 nH, a capacitance C0 of the third
electronic element is 0.06 pF, a length of the radiator in an
extension direction (in an x direction) is 62.8 mm, a width
(in a y direction) of the radiator is 4 mm, and a distance (in
the x direction) between two ends of the radiator is 12.4
mm is merely used for description. In an actual applica-
tion, adjustment may be performed based on an actual
production or design requirement.
[0204] As shown in FIG. 32, when no slot is provided in
the central region of the radiator, the antenna structure
may sequentially generate three resonant frequency
bands in the half-wavelength mode in the CM mode,
the one-wavelength mode in the DM mode, and the
three-halves-wavelength mode in the CM mode.
[0205] When a slot is provided in the central region of
the radiator, the one-wavelength mode in the DM mode
disappears. In this case, resonant frequency bands gen-
erated in the half-wavelength mode in the CM mode and
the half-wavelength mode in the DM mode are combined
into one resonant frequency band due to a short fre-
quency distance, and resonant frequency bands gener-
ated in the three-halves-wavelength mode in the CM
mode and the three-halves-wavelength mode in the
DM mode are combined into one resonant frequency
band due to a short frequency distance.
[0206] When the slot is provided in the central region,
and the first electronic element and the second electronic
element are electrically connected between the radiator
and the ground plane, the half-wavelength modes in the
CM mode and the DM mode are changed into new three-
halves-wavelength modes to form a new three-halves-
wavelength mode pair, and the original three-halves-
wavelength modes in the CM mode and the DM mode
are not changed.
[0207] The antenna structure includes the new three-
halves-wavelength mode pair and the original three-
halves-wavelength mode pair, namely, four two-wave-
length modes in total, so that an operating frequency
band (with S11<‑4 dB as a boundary) of the antenna
structure may include 1.6 GHz to 2.3 GHz.
[0208] Therefore, compared with the antenna struc-
ture 100 shown in FIG. 7, in the antenna structure shown
in FIG. 28, when four resonances are generated, a size of
the radiator is reduced from twice the first wavelength to
three halves of the first wavelength, so that a size of the

antenna structure is reduced.
[0209] As shown in FIG. 33, the antenna structure has
good efficiency (total efficiency and radiation efficiency)
in a frequency band corresponding to a resonance gen-
erated in each mode.
[0210] FIG. 34 is a diagram of still another antenna
structure 100 according to an embodiment of this appli-
cation.
[0211] As shown in FIG. 34, the antenna structure 100
may include a radiator 110, a ground plane 120, a first
electronic element 122, and a second electronic element
123.
[0212] The antenna structure 100 is grounded through
the ground plane 120. A first end of the radiator 110 is
electrically connected to the ground plane 120 for
grounding, and a second end of the radiator 110 is
electrically connected to the ground plane 120 for
grounding.
[0213] A slot 121 is provided in a central region 101 of
the radiator 110. The radiator 110 includes a first current
region 111 and a second current region 112. The central
region 101 is between the first current region 111 and the
second current region 112. The first current region 111
includes an electric field node generated by the antenna
structure 100, and the second current region 112 includes
an electric field node generated by the antenna structure
100.
[0214] The first electronic element 122 and the second
electronic element 123 are respectively electrically con-
nected between the first current region 111 of the radiator
110 and the ground plane 120 and between the second
current region 112 of the radiator 110 and the ground
plane 120. A first end of the first electronic element 122 is
electrically connected to the first current region 111 of the
radiator 110, and a second end of the first electronic
element 122 is electrically connected to the ground plane
120 for grounding. A first end of the second electronic
element 123 is electrically connected to the second cur-
rent region 112 of the radiator 110, and a second end of
the second electronic element 123 is electrically con-
nected to the ground plane 120 for grounding.
[0215] In the antenna structure 100 shown in FIG. 34
and the antenna structure 100 shown in FIG. 18, the
radiator 110 and the ground plane 120 enclose a straight
(for example, a strip) slot to form a slot antenna. A
difference between the antenna structure 100 shown in
FIG. 34 and the antenna structure 100 shown in FIG. 18
lies in that an electrical length of the radiator 110 in the
antenna structure 100 shown in FIG. 34 is three halves of
a first wavelength, and an electrical length of the radiator
110 in the antenna structure 100 shown in FIG. 18 is twice
the first wavelength.
[0216] FIG. 35 and FIG. 36 are diagrams of simulation
results of the antenna structure shown in FIG. 34. FIG. 35
shows S-parameters of the antenna structure shown in
FIG. 34. FIG. 36 shows simulation results of radiation
efficiency and total efficiency of the antenna structure
shown in FIG. 34.
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[0217] It should be understood that, for brevity of de-
scription, in this embodiment, an example in which the
first electronic element and the second electronic ele-
ment are inductors, an inductance L1 of the first electro-
nic element is 1 nH, an inductance L2 of the second
electronic element is 1 nH, a length of the radiator in
an extension direction (in an x direction) is 76 mm, and a
width (in a y direction) of the radiator is 32 mm is merely
used for description. In an actual application, adjustment
may be performed based on an actual production or
design requirement.
[0218] As shown in FIG. 35, when the first electronic
element and the second electronic element are not elec-
trically connected between the radiator and the ground
plane, and the slot is provided only in the central region of
the radiator, an operating mode of the antenna structure
includes half-wavelength modes in a CM mode and a DM
mode, and three-halves-wavelength modes in the CM
mode and the DM mode.
[0219] When the slot is provided in the central region,
and the first electronic element and the second electronic
element are electrically connected between the radiator
and the ground plane, the half-wavelength modes in the
CM mode and the DM mode are changed into the three-
halves-wavelength modes to form a new three-halves-
wavelength mode pair, and the original three-halves-
wavelength modes in the CM mode and the DM mode
are not changed.
[0220] The antenna structure includes the new three-
halves-wavelength mode pair and the original three-
halves-wavelength mode pair, namely, four three-
halves-wavelength modes in total, so that an operating
frequency band (with S11<‑4 dB as a boundary) of the
antenna structure may include 1.25 GHz to 2.05 GHz.
[0221] Therefore, compared with the antenna struc-
ture 100 shown in FIG. 18, in the antenna structure shown
in FIG. 34, when four resonances are generated, a size of
the radiator is reduced from twice the first wavelength to
three halves of the first wavelength, so that a size of the
antenna structure is reduced.
[0222] As shown in FIG. 36, the antenna structure has
good efficiency (total efficiency and radiation efficiency)
in a frequency band corresponding to a resonance gen-
erated in each mode.
[0223] FIG. 37 and FIG. 38 are distribution diagrams of
electric fields/magnetic currents of the antenna structure
100 shown in FIG. 34. FIG. 37 is a distribution diagram of
electric fields/magnetic currents in a case in which the
first electronic element and the second electronic ele-
ment are not disposed. FIG. 38 is a distribution diagram of
electric fields/magnetic currents in a case in which the
first electronic element and the second electronic ele-
ment are disposed.
[0224] Distribution of the currents in FIG. 37 may cor-
respond to distribution of currents at different frequencies
in an S11 curve shown in FIG. 35 in a case in which the
slot is provided, and the first electronic element and the
second electronic element are not disposed.

[0225] (a) in FIG. 37 is a distribution diagram of cur-
rents at 0.58 GHz, and may correspond to the half-
wavelength mode in the CM mode, where the central
region of the radiator includes a current node (an electric
field strong point). (b) in FIG. 37 is a distribution diagram
of currents at 0.65 GHz, and may correspond to the half-
wavelength mode in the DM mode. (c) in FIG. 37 is a
distribution diagram of currents at 1.8 GHz, and may
correspond to the three-halves-wavelength mode in
the CM mode, where the central region of the radiator
includes a current node (an electric field strong point),
and there are current nodes (electric field strong points)
between the central region and two ends of the radiator.
(d) in FIG. 37 is a distribution diagram of currents at 1.9
GHz, and may correspond to the three-halves-wave-
length mode in the DM mode.
[0226] The slot is provided in the central region of the
radiator, so that a current on the radiator is cut off in the
central region. In this way, a boundary condition of the
region in the DM mode may be changed, to change a one-
wavelength mode in the DM mode into a half-wavelength
mode and a three-halves-wavelength mode.
[0227] Distribution of the currents in FIG. 38 may cor-
respond to distribution of currents at different frequencies
in an S11 curve shown in FIG. 35 in a case in which the
slot, the first electronic element, and the second electro-
nic element are disposed.
[0228] (a) in FIG. 38 is a distribution diagram of cur-
rents at 1.45 GHz, and may correspond to the three-
halves-wavelength mode in the CM mode, where the first
current region (first electronic element connection re-
gion) and a second current region (second electronic
element) of the radiator each include an electric field
node (a current strong point). (b) in FIG. 38 is a distribu-
tion diagram of currents at 1.6 GHz, and may correspond
to the three-halves-wavelength mode in the DM mode,
where the first current region (first electronic element
connection region) and a second current region (second
electronic element) of the radiator each include an elec-
tric field node (a current strong point). (c) in FIG. 38 is a
distribution diagram of currents at 1.8 GHz, and may
correspond to the three-halves-wavelength mode in
the CM mode. Distribution of the currents in (c) in FIG.
38 is the same as the distribution of the currents in the
three-halves-wavelength mode in the CM mode in (c) in
FIG. 37. (d) in FIG. 38 is a distribution diagram of currents
at 1.9 GHz, and may correspond to the three-halves-
wavelength mode in the DM mode. Distribution of the
currents in (d) in FIG. 38 is the same as the distribution of
the currents in the three-halves-wavelength mode in the
CM mode in (d) in FIG. 37.
[0229] Electronic elements are respectively electrically
connected between the first current region of the radiator
and the ground plane and between the second current
region of the radiator and the ground plane, so that the
radiator is short-circuited in the first current region and the
second current region, to change boundary conditions of
the regions in the half-wavelength mode. In this case, the
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half-wavelength mode is increased to the new three-
halves-wavelength mode, and the original three-
halves-wavelength mode remains unchanged, so that
a resonance generated in the new three-halves-wave-
length mode is close to a high-frequency resonance (a
resonance generated in the original two-wavelength
mode).
[0230] FIG. 39 is a diagram of still another antenna
structure 100 according to an embodiment of this appli-
cation.
[0231] It should be understood that the antenna struc-
ture 100 shown in FIG. 25 may alternatively be a loop
antenna shown in FIG. 28 with an electrical length of the
radiator being three halves a wavelength, or a slot an-
tenna shown in FIG. 34 with an electrical length of the
radiator being three halves a wavelength. In this embodi-
ment, an example in which the antenna structure 100 is
the slot antenna shown in FIG. 34 is merely used for
description. In an actual application, adjustment may be
performed based on an actual production or design re-
quirement. This is not limited in embodiments of this
application.
[0232] FIG. 40 and FIG. 41 are diagrams of simulation
results of the antenna structure shown in FIG. 39. FIG. 40
shows S-parameters of the antenna structure shown in
FIG. 39. FIG. 41 shows simulation results of radiation
efficiency and total efficiency of the antenna structure
shown in FIG. 39.
[0233] It should be understood that, for brevity of de-
scription, in this embodiment of this application, an ex-
ample in which an LC filter with a first filter 131 and a
second filter 132 being connected in parallel is merely
used for description. In the first filter 131, a capacitance of
a capacitor is 4 pF, and an inductance of an inductor is 19
nH. In the second filter 132, a capacitance of a capacitor
is 3 pF, an inductance of an inductor is 20 nH, an induc-
tance L1 of a first electronic element is 4 nH, and an
inductance L2 of a second electronic element is 4.5 nH.
[0234] FIG. 40 shows an S11 curve in a case in which
the first electronic element and the second electronic
element are electrically connected between the radiator
and the ground plane (the electronic elements are con-
nected), the first electronic element and the second
electronic element are not disposed between the radiator
and the ground plane (the electronic elements are dis-
connected), and the filter is electrically connected be-
tween the electronic element and the radiator.
[0235] The antenna structure can generate six reso-
nant frequency bands at a low frequency and a high
frequency by using a high-resistance characteristic
(equivalent to a case in which the electronic element is
disconnected from the radiator) of the filter at the low
frequency (a frequency band corresponding to a half-
wavelength mode) and a low-resistance characteristic
(equivalent to a case in which the electronic element is
short-circuited to the radiator) of the filter at the high
frequency (a frequency band corresponding to a three-
halves-wavelength mode), to expand an operating band-

width of the antenna structure.
[0236] As shown in FIG. 41, the antenna structure has
good efficiency (total efficiency and radiation efficiency)
in a frequency band corresponding to a resonance gen-
erated in each mode.
[0237] It should be understood that, in the foregoing
embodiments, an example in which the antenna structure
is a slot antenna or a loop antenna is used for description.
The technical solutions provided in embodiments of this
application may also be applied to a structure of a wire
antenna.
[0238] FIG. 42 is a diagram of an antenna structure 200
according to an embodiment of this application.
[0239] As shown in FIG. 42, the antenna structure 200
may include a radiator 210,a ground plane 220, and a first
electronic element 221.
[0240] A first end of the radiator 210 is grounded, and a
second end of the radiator 210 is an open end (the second
end of the radiator 210 is not directly connected to an-
other conductor). The radiator 210 includes a first current
region 211, and the first current region 211 includes an
electric field node generated by the antenna structure
200. The first electronic element 221 is electrically con-
nected between the first current region 211 and the
ground plane 220.
[0241] In an embodiment, the antenna structure 200
may further include a feed unit 230, and the feed unit 230
may be electrically connected to the radiator 210 at a feed
point, to feed an electrical signal, so that the antenna
structure generates a resonance.
[0242] In an embodiment, at least a part of the radiator
210 from the first end to the second end is configured to
generate a first resonance.
[0243] In an embodiment, an electrical length of the
radiator 210 may be three quarters of a first wavelength,
the antenna structure 200 is an antenna structure de-
signed based on a three-quarters wavelength, and the
first wavelength is a wavelength corresponding to the first
resonance.
[0244] It should be understood that, when the first
electronic element is not disposed, and the electrical
length of the radiator 210 is three quarters of the first
wavelength, an operating mode of the antenna structure
may include a quarter-wavelength mode and a three-
quarters-wavelength mode. FIG. 43 shows correspond-
ing distribution of currents and electric fields in a case in
which the feed unit 230 performs feeding at the second
end.
[0245] It should be understood that the electric field
node (current strong point) that is generated by the
antenna structure 200 and that is included in the fore-
going current region may be understood as a current
node included in distribution of currents and electric fields
corresponding to a highest-order mode in the antenna
structure. In an embodiment, the electrical length of the
radiator 210 is three quarters of the first wavelength, and
correspondingly, the electric field node (current strong
point) generated by the antenna structure 200 may be
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understood as an electric field node (a current strong
point) generated in the three-quarters-wavelength mode.
[0246] (a) in FIG. 43 shows distribution of currents and
electric fields corresponding to the quarter-wavelength
mode, where the radiator does not include an electric field
node (a current strong point). (b) in FIG. 43 shows dis-
tribution of currents and electric fields corresponding to
the three-quarters-wavelength mode, where the radiator
includes an electric field node (a current strong point).
[0247] The first electronic element 221 may be config-
ured to change a current and an electric field of the
antenna structure 200 in the quarter-wavelength mode,
so as to adjust the operating mode of the antenna struc-
ture 200.
[0248] In the quarter-wavelength mode, when an elec-
tronic element is electrically connected between the first
current region 211 and the ground plane, because the
region is electrically connected to the ground plane 220
through the electronic element, a boundary condition of
the region may be changed, so that a current node (an
electric field strong point) is changed into an electric field
node (a current strong point) in the region. Because the
boundary condition of the region is changed, distribution
of electric fields and currents corresponding to the quar-
ter-wavelength mode is changed correspondingly. (a) in
FIG. 44 shows distribution of currents of the radiator, and
(b) in FIG. 44 shows distribution of electric fields of the
radiator, where the quarter-wavelength mode is changed
into a new three-quarters-wavelength mode.
[0249] In the three-quarters-wavelength mode, an
electric field node (a current strong point) is included in
the region (the first current region 211) connected to the
first electronic element 221. (a) in FIG. 45 shows dis-
tribution of currents of the radiator, and (b) in FIG. 45
shows distribution of electric fields of the radiator, which is
equivalent to a short circuit. Because the electronic ele-
ment being electrically connected between the region of
the radiator and the ground plane does not change the
boundary condition, the three-quarters-wavelength
mode is not changed.
[0250] Therefore, the first electronic element is elec-
trically connected between the ground plane 220 and the
first current region 211 of the radiator 210, so that the
electric field node (current strong point) may be gener-
ated in the first current region 211 in the quarter-wave-
length mode, and the operating mode may be changed
from the quarter-wavelength mode to the three-quarters-
wavelength mode, to form the new three-quarters-wave-
length mode. In this case, the operating mode of the
antenna structure is increased to adjust a low-frequency
resonant frequency band to a high-frequency resonant
frequency band, so that the operating mode of the an-
tenna structure includes two three-quarters-wavelength
modes. In this way, two resonances with close frequen-
cies may be generated, to expand an operating band-
width of the antenna structure.
[0251] In an embodiment, the first electronic element
221 may be an inductor, and an inductance of the first

electronic element 221 is less than or equal to a first
threshold. For example, when a frequency of the first
resonance is less than or equal to 1.7 GHz, the first
threshold is 5 nH. When a frequency of the first reso-
nance is greater than 1.7 GHz and less than or equal to 3
GHz, the first threshold is 3 nH. When a frequency of the
first resonance is greater than 3 GHz, the first threshold is
2 nH.
[0252] In an embodiment, the first electronic element
221 may be a capacitor, and a capacitance of the first
electronic element 221 is less than or equal to a second
threshold. For example, the second threshold may be 50
pF.
[0253] In an embodiment, the first electronic element
221 may be a resistor. For example, a resistance of the
first electronic element 221 may be 0 ohm.
[0254] In an embodiment, an electronic device with the
antenna structure further includes a part of a conductive
bezel 11. The bezel 11 has a first position 201 and a
second position 202. The bezel 11 is grounded at the first
position 201, and is provided with a slot at the second
position. A first bezel between the first position 201 and
the second position 202 is used as the radiator 210. It
should be understood that the first position 201 of the
bezel 11 is continuous with a remaining part of the bezel
11. In addition, the first position 201 and the second
position 202 may respectively correspond to the first
end and the second end of the radiator 210.
[0255] In an embodiment, the filtering structure in the
foregoing embodiments may also be used in FIG. 42 and
the following antenna structures. The antenna structure
200 may further include a filter, and the filter may be
electrically connected between the first electronic ele-
ment 221 and the first current region 211. The filter is in a
turned-on state in a first frequency band, and is in a
turned-off state in a second frequency band, and a fre-
quency of the first frequency band is higher than a fre-
quency of the second frequency band. In an embodi-
ment, a part of the radiator 210 from the first end to the
second end is configured to generate the first resonance,
a second resonance, and a third resonance. The first
frequency band includes a resonant frequency band of
the first resonance and a resonant frequency band of the
second resonance, and the second frequency band in-
cludes a resonant frequency band of the third resonance.
The resonant frequency band of the first resonance may
correspond to a resonant frequency band of a resonance
generated in the new three-quarters-wavelength mode.
The resonant frequency band of the second resonance
may correspond to a resonant frequency band of a re-
sonance generated in the original three-quarters-wave-
length mode. The resonant frequency band of the third
resonance may correspond to a resonant frequency
band of a resonance generated in the quarter-wave-
length mode when the first electronic element 211 is
not electrically connected.
[0256] FIG. 46 and FIG. 47 are diagrams of simulation
results of the antenna structure shown in FIG. 42. FIG. 46
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shows S-parameters of the antenna structure shown in
FIG. 42. FIG. 47 shows simulation results of radiation
efficiency and total efficiency of the antenna structure
shown in FIG. 42.
[0257] It should be understood that, for brevity of de-
scription, in this embodiment, an example in which a
length of the radiator is 54 mm is merely used for descrip-
tion. In an actual application, adjustment may be per-
formed based on an actual production or design require-
ment.
[0258] As shown in FIG. 46, when the first electronic
element is not electrically connected between the radia-
tor and the ground plane, the antenna structure may
generate two resonances in the quarter-wavelength
mode and the three-quarters-wavelength mode.
[0259] When the first electronic element is electrically
connected between the radiator and the ground plane,
the quarter-wavelength mode is changed into the new
three-quarters-wavelength mode, so that a resonance
generated in the new three-quarters-wavelength mode is
close to a resonance generated in the original three-
quarters-wavelength mode.
[0260] In addition, the first electronic element (for ex-
ample, the first electronic element may be an inductor, a
capacitor, or a resistor) is adjusted, so that a frequency of
a resonance generated in the new quarter-wavelength
mode is changed, and a frequency of a resonance gen-
erated in the original three-quarters-wavelength mode is
almost not shifted.
[0261] As shown in FIG. 47, the antenna structure has
good efficiency (total efficiency and radiation efficiency)
in a frequency band corresponding to a resonance gen-
erated in each mode.
[0262] FIG. 48 is a diagram of another antenna struc-
ture 200 according to an embodiment of this application.
[0263] It should be understood that a difference be-
tween the antenna structure 200 shown in FIG. 48 and
the antenna structure 200 shown in FIG. 42 lies in that the
feed unit 230 is disposed at a different position.
[0264] In the antenna structure 200 shown in FIG. 42,
the feed unit 230 is electrically connected to the radiator
210 at the second end of the radiator 210. As shown in (b)
in FIG. 45, in this antenna structure, a strong binding
electric field is generated in a closed slit formed between
the ground plane and the radiator between two ground
points (the first end of the radiator and a joint between the
first electronic element and the radiator). This part of
electric field cannot form radiation in a far field, but is
converted into thermal energy in a dielectric or a con-
ductor around the closed slit and then is consumed. This
deteriorates radiation performance (for example, far-field
radiation efficiency) of the antenna structure.
[0265] In an embodiment, the feed unit 230 may be
electrically connected to the radiator 210 in a first current
region 211, to feed an electrical signal.
[0266] Alternatively, in an embodiment, the feed unit
230 may be electrically connected to the radiator 210 in
an electric field region 212, to feed an electrical signal.

The electric field region 212 includes a current node
generated by the antenna structure 200. It should be
understood that the current node may be understood
as that when an electrical signal is fed into the antenna
structure 200, directions of currents are reversed on two
sides of the current node. The current node corresponds
to an electric field strong point. The electric field region
212 may be understood as a region within a specific
range from a current strong point or an electric field node.
For example, the electric field region 212 may be under-
stood as a region within 5 mm from the current node or the
electric field strong point.
[0267] Alternatively, in an embodiment, the feed unit
230 may be electrically connected to the radiator 210 at
the first end of the radiator 210, to feed an electrical
signal.
[0268] It should be understood that a position of the
joint between the feed unit 230 and the radiator 210 is not
limited in embodiments of this application, and may be
flexibly adjusted based on an internal layout of the elec-
tronic device in actual production or design, to reduce the
strong binding electric field generated in the closed slit
formed between the ground plane and the radiator be-
tween the two ground points, so as to reduce a loss of
converted thermal energy in the dielectric or the conduc-
tor around the closed slit. This improves radiation per-
formance of the antenna structure.
[0269] FIG. 49 is a diagram of still another antenna
structure 200 according to an embodiment of this appli-
cation.
[0270] As shown in FIG. 49, the antenna structure 200
may further include a second electronic element 222.
[0271] A first electronic element 221 is electrically con-
nected to a radiator 210 at a first position 231. The second
electronic element 222 is electrically connected to the
radiator at a second position 232. The second position
232 is between the first position 231 and a third position
233. The third position 233 is between the first position
232 and a second end (an open end) of the radiator 210. A
distance between the third position 233 and the first
position 231 is the same as a distance between the third
position 233 and the second end of the radiator 210.
[0272] It should be understood that the second elec-
tronic element 222 may be configured to reduce a strong
binding electric field generated in a closed slit formed
between the ground plane and the radiator between two
ground points in an original three-quarters-wavelength
mode, so as to reduce a loss of converted thermal energy
in a dielectric or a conductor around the closed slit. This
improves radiation performance of the antenna structure.
[0273] In an embodiment, the second electronic ele-
ment 222 may be an inductor, a capacitor, or a resistor.
This is not limited in embodiments of this application, and
selection may be performed based on an actual design.
[0274] In an embodiment, the feed unit 230 may be
electrically connected to the radiator 210 in the electric
field region 212, to feed an electrical signal.
[0275] It should be understood that a difference be-
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tween the antenna structure 200 shown in FIG. 49 and
the antenna structure 200 shown in FIG. 42 lies in that the
second electronic element 222 is electrically connected
between the radiator 210 and the ground plane 220, and
the feed unit 230 is disposed at a different position.
[0276] FIG. 50 is a distribution diagram of electric fields
and currents of the antenna structure 200 shown in FIG.
49.
[0277] (a) in FIG. 50 is a distribution diagram of electric
fields and currents, corresponding to a new three-quar-
ters-wavelength mode changed from a quarter-wave-
length mode, in which the first electronic element 211
is electrically connected between the radiator 210 and
the ground plane 220. Distribution of electric fields and
currents corresponding to a new three-quarters-wave-
length mode in a case in which a second electronic
element 222 is electrically connected between the radia-
tor 210 and the ground plane 220 is approximately the
same as that in (a) in FIG. 50.
[0278] (b) and (c) in FIG. 50 are distribution diagrams of
electric fields and currents, corresponding to an original
three-quarters-wavelength mode, in which the second
electronic element 212 is not electrically connected be-
tween the radiator 210 and the ground plane 220, and the
second electronic element 212 is electrically connected
between the radiator 210 and the ground plane 220
respectively. In this case, an electric field generated in
the closed slit formed between the ground plane and the
radiator between the two ground points (a first end of the
radiator and a joint between the first electronic element
and the radiator) is weakened, to reduce a loss of con-
verted thermal energy in the dielectric or the conductor
around the closed slit. This improves radiation perfor-
mance of the antenna structure.
[0279] FIG. 51 and FIG. 52 are diagrams of simulation
results of the antenna structure shown in FIG. 49. FIG. 51
shows S-parameters of the antenna structure shown in
FIG. 49. FIG. 52 shows simulation results of radiation
efficiency and total efficiency of the antenna structure
shown in FIG. 49.
[0280] It should be understood that, for brevity of de-
scription, in this embodiment, an example in which the
second electronic element is an inductor and an induc-
tance L2 is 3 nH is merely used for description. In an
actual application, adjustment may be performed based
on an actual production or design requirement.
[0281] As shown in FIG. 51, when the first electronic
element and the second electronic element are not elec-
trically connected between the radiator and the ground
plane, the antenna structure may generate two reso-
nances in a quarter-wavelength mode and a three-quar-
ters-wavelength mode.
[0282] When the second electronic element, instead of
the first electronic element, is electrically connected be-
tween the radiator and the ground plane, the quarter-
wavelength mode of the antenna structure may also be
changed into the three-quarters-wavelength mode, and a
frequency of a generated resonant frequency band is

shifted toward a high frequency.
[0283] When the first electronic element and the sec-
ond electronic element are electrically connected be-
tween the radiator and the ground plane, the quarter-
wavelength mode of the antenna structure may also be
changed into the three-quarters-wavelength mode, and a
frequency of a generated resonant frequency band is
shifted toward a high frequency. The first electronic ele-
ment may be adjusted (for example, L1=0.5 nH or 2 nH),
to control a difference between a frequency of a reso-
nance generated in a new three-quarters-wavelength
mode and a frequency of a resonance generated in an
original three-quarters-wavelength mode, so that the
frequency of the resonance generated in the new
three-quarters-wavelength mode is close to the fre-
quency of the resonance generated in the original
three-quarters-wavelength mode.
[0284] In addition, after the second electronic element
is added, an operating bandwidth (S11<‑4 dB) of the
antenna structure is widened.
[0285] Compared with a case in which the second
electronic element is not electrically connected between
the radiator and the ground plane, as shown in FIG. 52, in
a case in which the second electronic element is elec-
trically connected, efficiency of the antenna structure is
improved by about 1 dB at a resonance point (about 2.1
GHz) of the resonance generated in the original three-
quarters-wavelength mode.
[0286] FIG. 53 is a diagram of still another antenna
structure 200 according to an embodiment of this appli-
cation.
[0287] It should be understood that a difference be-
tween the antenna structure 200 shown in FIG. 53 and
the antenna structure 200 shown in FIG. 49 lies in that a
feed unit 230 is disposed at a different position. In the
antenna structure 200 shown in FIG. 53, a feed point on a
radiator 210 is disposed in a first current region 211, and
the feed unit 230 is electrically connected to the radiator
210 at the feed point.
[0288] FIG. 54 is a distribution diagram of electric fields
and currents of the antenna structure 200 shown in FIG.
53.
[0289] (a) in FIG. 54 is a distribution diagram of electric
fields and currents, corresponding to a new three-quar-
ters-wavelength mode changed from the quarter-wave-
length mode, in which a first electronic element 211 is
electrically connected between the radiator 210 and a
ground plane 220. Distribution of electric fields and cur-
rents corresponding to a new three-quarters-wavelength
mode in a case in which the second electronic element
222 is electrically connected between the radiator 210
and the ground plane 220 is approximately the same as
that in (a) in FIG. 54.
[0290] (b) and (c) in FIG. 54 are distribution diagrams of
electric fields and currents, corresponding to an original
three-quarters-wavelength mode, in which a second
electronic element 212 is not electrically connected be-
tween the radiator 210 and the ground plane 220, and the
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second electronic element 212 is electrically connected
between the radiator 210 and the ground plane 220. In
this case, an electric field generated in a closed slit
formed between the ground plane and the radiator be-
tween two ground points (a first end of the radiator and a
joint between the first electronic element and the radiator)
is weakened, to reduce a loss of converted thermal
energy in a dielectric or a conductor around the closed
slit. This improves radiation performance of the antenna
structure.
[0291] FIG. 55 and FIG. 56 are diagrams of simulation
results of the antenna structure shown in FIG. 53. FIG. 55
shows S-parameters of the antenna structure shown in
FIG. 53. FIG. 56 shows simulation results of radiation
efficiency and total efficiency of the antenna structure
shown in FIG. 53.
[0292] It should be understood that, for brevity of de-
scription, in this embodiment, an example in which the
second electronic element is an inductor and an induc-
tance L2 is 3 nH is merely used for description. In an
actual application, adjustment may be performed based
on an actual production or design requirement.
[0293] As shown in FIG. 55, when the first electronic
element and the second electronic element are not elec-
trically connected between the radiator and the ground
plane, the antenna structure may generate two reso-
nances in a quarter-wavelength mode and a three-quar-
ters-wavelength mode.
[0294] When the second electronic element, instead of
the first electronic element, is electrically connected be-
tween the radiator and the ground plane, a frequency of a
resonant frequency band generated by the antenna
structure in a quarter-wavelength mode is shifted toward
a high frequency with a limited amplitude.
[0295] When the first electronic element and the sec-
ond electronic element are electrically connected be-
tween the radiator and the ground plane, the quarter-
wavelength mode of the antenna structure is changed
into the three-quarters-wavelength mode, and a fre-
quency of a generated resonant frequency band is
shifted toward a high frequency. The first electronic ele-
ment may be adjusted (for example, L1=0.5 nH or 2 nH),
to control a difference between a frequency of a reso-
nance generated in a new three-quarters-wavelength
mode and a frequency of a resonance generated in an
original three-quarters-wavelength mode, so that the
frequency of the resonance generated in the new
three-quarters-wavelength mode is close to the fre-
quency of the resonance generated in the original
three-quarters-wavelength mode.
[0296] In addition, after the second electronic element
is added, an operating bandwidth (S11<‑4 dB) of the
antenna structure is widened.
[0297] Compared with a case in which the second
electronic element is not electrically connected between
the radiator and the ground plane, as shown in FIG. 56, in
a case in which the second electronic element is elec-
trically connected, efficiency of the antenna structure is

improved by about 1 dB at a resonance point (about 2.3
GHz) of the resonance generated in the original three-
quarters-wavelength mode.
[0298] FIG. 57 is a diagram of still another antenna
structure 200 according to an embodiment of this appli-
cation.
[0299] It should be understood that a difference be-
tween the antenna structure 200 shown in FIG. 57 and
the antenna structure 200 shown in FIG. 53 lies in that the
antenna structure has a different operating frequency
band. An operating frequency band of the antenna struc-
ture 200 shown in FIG. 53 is an intermediate frequency
band (for example, the operating frequency band is
greater than 1.7 GHz and less than or equal to 3 GHz),
and an operating frequency band of the antenna struc-
ture 200 shown in FIG. 57 is a low frequency band (for
example, the operating frequency band is less than or
equal to 1.7 GHz).
[0300] As shown in FIG. 57, in the antenna structure
200, a part of the bezel 11 of the electronic device is used
as a radiator 210. Because an electrical length of the
radiator is three quarters of a first wavelength, when a first
resonance corresponding to the first wavelength is in a
low frequency band, a physical length of the radiator is
large and the radiator 210 may be positioned on three
adjacent edges of the bezel, to meet a requirement for the
physical length of the radiator 210.
[0301] FIG. 58 to FIG. 63 are diagrams of simulation
results of the antenna structure shown in FIG. 57. FIG. 58
shows S-parameters of the antenna structure, as shown
in FIG. 57, in which a first electronic element is electrically
connected and a second electronic element is not elec-
trically connected. FIG. 59 shows simulation results of
radiation efficiency and total efficiency of the antenna
structure, as shown in FIG. 57, in which a first electronic
element is electrically connected and a second electronic
element is not electrically connected. FIG. 60 is a dis-
tribution diagram of currents of the antenna structure, as
shown in FIG. 57, in which a first electronic element is
electrically connected and a second electronic element is
not electrically connected. FIG. 61 shows S-parameters
of the antenna structure shown in FIG. 57. FIG. 62 shows
simulation results of radiation efficiency and total effi-
ciency of the antenna structure shown in FIG. 57. FIG.
63 is a distribution diagram of currents of the antenna
structure shown in FIG. 57.
[0302] It should be understood that, for brevity of de-
scription, lengths of the radiator 210 on a first side, a
second side, and a third side of the bezel 11 are 63 mm,
76 mm, and 16 mm respectively, where the radiator
sequentially intersects with the first side, the second side,
and the third side at an angle. The foregoing parameters
are merely used as an example for description. In an
actual application, adjustment may be performed based
on a design. This is not limited in this application.
[0303] As shown in FIG. 58, when the first electronic
element and the second electronic element are not elec-
trically connected between the radiator and the ground
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plane, the antenna structure may generate two reso-
nances in a quarter-wavelength mode and a three-quar-
ters-wavelength mode.
[0304] When the first electronic element, instead of the
second electronic element, is electrically connected be-
tween the radiator and the ground plane, a quarter-wa-
velength mode of the antenna structure is changed into a
three-quarters-wavelength mode, and a frequency of a
generated resonant frequency band is shifted toward a
high frequency. The first electronic element may be ad-
justed (for example, L1=0.5 nH or 2 nH), to control a
difference between a frequency of a resonance gener-
ated in a new three-quarters-wavelength mode and a
frequency of a resonance generated in an original three-
quarters-wavelength mode, so that the frequency of the
resonance generated in the new three-quarters-wave-
length mode is close to the frequency of the resonance
generated in the original three-quarters-wavelength
mode.
[0305] As shown in FIG. 59, at a resonance point
(about 0.89 GHz) of the resonance generated in the
original three-quarters-wavelength mode, a strong bond-
ing electric field is generated in a closed slit formed
between the ground plane and the radiator between
two ground points (a first end of the radiator and a joint
between the first electronic element and the radiator).
Therefore, efficiency of the antenna structure is low.
[0306] (a) in FIG. 60 is a distribution diagram of cur-
rents corresponding to a new three-quarters-wavelength
mode formed by electrically connecting the first electro-
nic element between the radiator and the ground plane
when L1 is 1 nH. (b) in FIG. 60 is a distribution diagram of
currents corresponding to an original three-quarters-wa-
velength mode when L1 is 1 nH.
[0307] As shown in FIG. 61, when the second electro-
nic element, instead of the first electronic element, is
electrically connected between the radiator and the
ground plane, a frequency of a resonant frequency band
generated by the antenna structure in a quarter-wave-
length mode is shifted toward a high frequency with a
limited amplitude.
[0308] When the first electronic element and the sec-
ond electronic element (an inductance L2 of the second
electronic element is 2.5 nH) are electrically connected
between the radiator and the ground plane, the first
electronic element may be adjusted, to control a differ-
ence between a frequency of a resonance generated in a
new three-quarters-wavelength mode and a frequency of
a resonance generated in an original three-quarters-wa-
velength mode, so that the frequency of the resonance
generated in the new three-quarters-wavelength mode is
close to the frequency of the resonance generated in the
original three-quarters-wavelength mode.
[0309] Compared with an efficiency simulation result
shown in FIG. 59, efficiency, as shown in FIG. 62, of the
antenna structure in which the second electronic element
is electrically connected is improved by about 4 dB at a
resonance point (about 0.89 GHz) of the resonance

generated in the original three-quarters-wavelength
mode.
[0310] (a) in FIG. 63 is a distribution diagram of cur-
rents corresponding to a new three-quarters-wavelength
mode. That a current on the ground plane flows along a
long side (a length in a y direction is greater than a length
in an x direction) of the ground plane in this operating
mode may be understood as that the ground plane forms
a monopole-like structure in a longitudinal mode of the
ground plane, and an electrical length of the ground plane
may be half of an operating wavelength (a wavelength
corresponding to a current resonance) of the antenna
structure, to improve radiation efficiency of the antenna
structure.
[0311] (b) in FIG. 63 is a distribution diagram of cur-
rents corresponding to an original three-quarters-wave-
length mode. That a current on the ground plane includes
a component flowing along a long side (a length in a y
direction is greater than a length in an x direction) of the
ground plane and a component flowing along a short side
of the ground plane in this operating mode may be under-
stood as that, in a mixed longitudinal and transverse
mode of the ground plane, because a length of the short
side of the ground plane is less than half of an operating
wavelength (a wavelength corresponding to a current
resonance) of the antenna structure, the transverse
mode cannot improve radiation efficiency of the antenna
structure, and only a component generated on the
ground plane in the longitudinal mode can improve effi-
ciency of the antenna structure.
[0312] FIG. 64 is a diagram of still another antenna
structure 200 according to an embodiment of this appli-
cation.
[0313] It should be understood that a difference be-
tween the antenna structure 200 shown in FIG. 64 and
the antenna structure 200 shown in FIG. 57 lies in that the
antenna structure 200 includes a resonant stub 250.
Based on the antenna structure 200 shown in FIG. 57,
in the antenna structure 200 shown in FIG. 64, the
resonant stub 250 whose electrical length is a quarter
of a first wavelength is added to a first end of a radiator
210, a first end of the resonant stub 250 is connected to
the first end of the radiator 210 (a bezel 11 is continuous at
the position), and a second end of the resonant stub 250
is an open end (the bezel 11 is provided with a slot at the
position, and the resonant stub 250 is not electrically
connected to another bezel at the position), so that a
radiation aperture of the antenna structure is increased
from three quarters of the first wavelength to twice the first
wavelength.
[0314] In an embodiment, a length L1 of the resonant
stub 250 and a length L2 of the radiator 210 satisfy:
0.2×L2≤L1≤0.3×L2.
[0315] In one embodiment, a third electronic element
223 is electrically connected between the first end of the
radiator 210 and a ground plane 220. The third electronic
element 223 may be configured to adjust a frequency of a
resonance generated by the antenna structure, so that
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resonant frequency bands of a plurality of resonances
generated by the antenna structure are close to each
other, to expand an operating bandwidth of the antenna
structure.
[0316] FIG. 65 to FIG. 74 are diagrams of simulation
results of the antenna structure shown in FIG. 64. FIG. 65
shows S-parameters of the antenna structure shown in
FIG. 64. FIG. 66 shows simulation results of radiation
efficiency and total efficiency of the antenna structure
shown in FIG. 64. FIG. 67 is a distribution diagram of
currents of the antenna structure shown in FIG. 64. FIG.
68 shows S-parameters of the antenna structure (exclud-
ing a resonant stub) shown in FIG. 64 in different models.
FIG. 69 shows simulation results of radiation efficiency
and total efficiency of the antenna structure (excluding a
resonant stub) shown in FIG. 64 in different models. FIG.
70 shows S-parameters of the antenna structure shown
in FIG. 64 in different models. FIG. 71 shows simulation
results of radiation efficiency and total efficiency of the
antenna structure shown in FIG. 64 in different models.
FIG. 72 shows S-parameters of the antenna structure
shown in FIG. 64. FIG. 73 shows simulation results of
radiation efficiency and total efficiency of the antenna
structure shown in FIG. 64. FIG. 74 is a distribution
diagram of currents of the antenna structure shown in
FIG. 64.
[0317] It should be understood that, for brevity of de-
scription, an example in which an inductance L1 of a first
electronic element is 2 nH, an inductance L2 of a second
electronic element is 2.5 nH, a third electronic element is
a resistor, and a resistance of the third electronic element
is 0 ohm. The foregoing parameters are merely used as
an example for description. In an actual application,
adjustment may be performed based on a design. This
is not limited in this application.
[0318] As shown in FIG. 65, when the antenna struc-
ture includes a resonant stub, the antenna structure may
generate three resonant frequency bands.
[0319] As shown in FIG. 66, an efficiency dent occurs
between a second resonance and a third resonance
(near 0.9 GHz). However, because a frequency of a
resonant frequency band corresponding to the third re-
sonance is close to the dent, efficiency at the dent can be
effectively improved by using the resonance.
[0320] (a) in FIG. 67 is a distribution diagram of cur-
rents corresponding to a resonance point of the first
resonance, and may correspond to a one-wavelength
mode in a CM mode. (b) in FIG. 67 is a distribution
diagram of currents corresponding to a resonance point
of the second resonance, and may correspond to the
one-wavelength mode in the CM mode. (c) in FIG. 67 is a
distribution diagram of currents corresponding to a re-
sonance point of the third resonance, and may corre-
spond to the one-wavelength mode in the CM mode.
[0321] In the distribution diagrams of the currents cor-
responding to the resonance point of the first resonance
and the resonance point of the third resonance, currents
on two sides of the radiator and currents on the ground

plane are codirectional, so that a longitudinal mode of the
ground plane can be better excited, and the entire ground
plane participates in radiation as a radiator. This provides
good radiation efficiency and a good bandwidth. In the
distribution diagram of the currents corresponding to the
resonance point of the second resonance, directions of
currents on two sides of the radiator and currents on the
ground plane are reversed; and consequently, a long-
itudinal current mode of the ground plane cannot be
effectively excited, and currents and electric fields are
concentrated near the radiator of the antenna structure.
In this case, efficiency is poor, and there is an obvious
efficiency dent.
[0322] In addition, when no resonant stub is added, the
antenna structure has two resonant frequency bands.
FIG. 68 shows S-parameters in a hand-held model (a left-
handed model or a right-handed model). As shown in
FIG. 63, currents on two sides of the ground plane are
unbalanced, and a current on the left side of the ground
plane is definitely greater than that on the right side of the
ground plane. Radiation absorption of the antenna struc-
ture is different in the hand-held model, resulting in un-
balanced efficiency reduction of the antenna structure in
the left/right-handed model. Compared with efficiency in
free space (free space, FS), radiation efficiency is re-
duced by about 2.5 dB in the left-handed mode, and
radiation efficiency is reduced by about 4.2 dB in the
right-handed mode, as shown in FIG. 69.
[0323] A resonant stub may be added, to introduce a
new resonance. FIG. 70 shows S-parameters in a hand-
held model. Because a current on the right side of the
ground plane increases significantly, efficiency reduction
of the right-handed model is greatly improved. Compared
with efficiency of free space, efficiency reduction of a left-
handed model is basically the same as that of the right-
handed model, and radiation efficiency reduction is about
3.2 dB, as shown in FIG. 71.
[0324] Because the second resonance cannot effec-
tively excite the longitudinal current mode of the ground
plane, currents and electric fields are concentrated near
the radiator of the antenna structure. In this case, effi-
ciency is poor, and there is an obvious efficiency dent.
Therefore, the first electronic element, the second elec-
tronic element, the third electronic element, and a match-
ing network between a feed unit and the radiator may be
adjusted, so that the second resonance is not excited
when an electrical signal is fed. For example, L1 of the
first electronic element is 15 nH, L2 of the second elec-
tronic element is 3 nH, L3 of the third electronic element is
0.9 nH, and a matching network is provided between the
feed unit and the radiator, and includes a 5 nH inductor
connected in series and a 4 pF capacitor connected in
parallel.
[0325] FIG. 72 shows S-parameters generated by the
antenna structure in the hand-held model. FIG. 73 shows
corresponding efficiency in the hand-held model. Be-
cause the second resonance is not excited,no dent exists
in an efficiency curve.
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[0326] (a) in FIG. 74 is a distribution diagram of cur-
rents of a resonance generated by the ground plane at
0.65 GHz. In this case, efficiency of a low frequency in a
resonant frequency band of the first resonance can be
improved. (b) in FIG. 74 is a distribution diagram of
currents corresponding to a resonance point of a first
resonance at 0.8 GHz. (c) in FIG. 74 is a distribution
diagram of currents corresponding to a resonance point
of a first resonance at 0.96 GHz.
[0327] FIG. 75 is a diagram of still another antenna
structure 200 according to an embodiment of this appli-
cation.
[0328] As shown in FIG. 75, the antenna structure 200
may include a radiator 210, a ground plane 220, a first
electronic element 221, and a fourth electronic element
224.
[0329] A first end of the radiator 210 is grounded, and a
second end of the radiator 210 is an open end (the second
end of the radiator 210 is not directly connected to an-
other conductor). The radiator 210 includes a first current
region 211 and a second current region 212. The first
current region 211 and the second current region 212
each include an electric field node generated by the
antenna structure 200. The first electronic element 221
is electrically connected between the first current region
211 and the ground plane 220, and the fourth electronic
element 224 is electrically connected between the sec-
ond current region 212 and the ground plane 220.
[0330] In an embodiment, the antenna structure 200 is
a bezel antenna, and may be disposed on a long edge of a
bezel.
[0331] It should be understood that a difference be-
tween the antenna structure 200 shown in FIG. 75 and
the antenna structure 200 in the foregoing embodiments
lies in that an electrical length of the radiator 210 in the
antenna structure 200 shown in FIG. 75 is five quarters of
a first wavelength.
[0332] Because the electrical length of the radiator 210
in the antenna structure 200 is five quarters of the first
wavelength, an operating mode of the antenna structure
200 may include a quarter-wavelength mode, a three-
quarters-wavelength mode, and a five-quarters-wave-
length mode. Therefore, during operation of the antenna
structure 200, two electric field nodes (current strong
points) may be generated on the radiator 210. Loading
an electronic element in the regions can increase the
quarter-wavelength mode and the three-quarters-wave-
length mode to new five-quarters-wavelength modes.
The antenna structure 200 may include three five-quar-
ters-wavelength modes to expand an operating band-
width of the antenna structure.
[0333] It should be understood that the electric field
nodes (current strong points) that are generated by the
antenna structure 200 and that are included in the fore-
going current regions may be understood as current
nodes included in distribution of currents and electric
fields corresponding to a highest-order mode in the an-
tenna structure. In an embodiment, the electrical length

of the radiator 210 is five quarters of the first wavelength,
and correspondingly, an electric field node (a current
strong point) generated by the antenna structure 200
may be understood as an electric field node (a current
strong point) generated in the five-quarters-wavelength
mode.
[0334] In an embodiment, the antenna structure 200
may further include a second electronic element 222. The
first electronic element 221 is electrically connected to
the radiator 210 at a first position 231. The second
electronic element 222 is electrically connected to the
radiator 210 at a second position. The second position is
between the first position and a third position. The third
position is between the first position and the second end
(the open end) of the radiator. A distance between the
third position and the first position is the same as a
distance between the third position and the second
end of the radiator. A distance between the first electronic
element 221 and the second end of the radiator 210 is
less than a distance between the fourth electronic ele-
ment 224 and the second end of the radiator 210.
[0335] It should be understood that the second elec-
tronic element 222 may be configured to reduce a strong
binding electric field generated in a closed slit formed
between the ground plane and the radiator between two
adjacent ground points (for example, the first electronic
element 221 and the fourth electronic element 224) in the
original three-quarters-wavelength mode and five-quar-
ters-wavelength mode, so as to reduce a loss of con-
verted thermal energy in a dielectric or a conductor
around the closed slit. This improves efficiency of the
antenna structure.
[0336] In an embodiment, the antenna structure 200
may further include a feed unit 230. The feed unit 230 and
the radiator 210 may be electrically connected between
the first end of the radiator 210 and an electrical joint
between the fourth electronic element 224 and the ra-
diator.
[0337] FIG. 76 and FIG. 77 are diagrams of simulation
results of the antenna structure shown in FIG. 75. FIG. 76
shows S-parameters of the antenna structure shown in
FIG. 75. FIG. 77 shows simulation results of radiation
efficiency and total efficiency of the antenna structure
shown in FIG. 75.
[0338] It should be understood that, for brevity of de-
scription, in this embodiment, an example in which a
length of the radiator is 80 mm is merely used for descrip-
tion. In an actual application, adjustment may be per-
formed based on an actual production or design require-
ment.
[0339] As shown in FIG. 76, when the first electronic
element and the fourth electronic element are not elec-
trically connected between the radiator and the ground
plane, the antenna structure may generate three reso-
nances in the quarter-wavelength mode, the three-quar-
ters-wavelength mode, and the five-quarters-wavelength
mode (a frequency of a resonance generated in the
quarter-wavelength mode is excessively low and is not
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shown).
[0340] When the first electronic element and the fourth
electronic element are electrically connected between
the radiator and the ground plane (the first electronic
element is an inductor (L1=1 nH), and the fourth electro-
nic element is a resistor (L4=0 ohm)), an electric field
node (a current strong point) is generated in regions (the
first current region and the second current region) near
electrical joints between the electronic elements and the
radiator. In this case, the quarter-wavelength mode and
the three-quarters-wavelength mode are changed into
new five-quarters-wavelength modes, so that reso-
nances generated in the new five-quarters-wavelength
modes are close to a resonance generated in the original
five-quarters-wavelength mode, to obtain a wide operat-
ing bandwidth.
[0341] As shown in FIG. 77, the antenna structure has
good efficiency (total efficiency and radiation efficiency)
in a frequency band corresponding to a resonance gen-
erated in each mode.
[0342] FIG. 78 and FIG. 79 are diagrams of simulation
results of the antenna structure shown in FIG. 75 that
does not include the second electronic element. FIG. 78
is a distribution diagram of electric fields and currents of
the antenna structure shown in FIG. 75. FIG. 79 is a
pattern of the antenna structure shown in FIG. 75.
[0343] As shown in (a) in FIG. 78, the first electronic
element and the fourth electronic element are electrically
connected between the radiator and the ground plane,
the electronic element is electrically connected to the
ground plane in the current region to generate an electric
field node (a current strong point), and the operating
mode is changed from the quarter-wavelength mode to
a new five-quarters-wavelength mode. (a) in FIG. 79 is a
pattern corresponding to the mode.
[0344] As shown in (b) in FIG. 78, the first electronic
element and the fourth electronic element are electrically
connected between the radiator and the ground plane,
the electronic element is electrically connected to the
ground plane in the current region to generate an electric
field node (a current strong point), and the operating
mode is changed from the three-quarters-wavelength
mode to a new five-quarters-wavelength mode. (b) in
FIG. 79 is a pattern corresponding to the mode.
[0345] As shown in (c) in FIG. 78, the first electronic
element and the fourth electronic element are electrically
connected between the radiator and the ground plane,
the electronic element is electrically connected to the
ground plane in the current region, a region of an electric
field node (a current strong point) is the same as that of
the electric field node (current strong point) generated in
the original five-quarters-wavelength mode, a boundary
condition is not changed, and the original five-quarters-
wavelength mode is not changed. (c) in FIG. 79 is a
pattern corresponding to the mode.
[0346] It should be understood that, when the electro-
nic elements are respectively electrically connected to
the first current region and the second current region,

because the regions are electrically connected to the
ground plane through the electronic elements, boundary
conditions of the regions may be changed, and electric
field nodes (current strong points) are generated in the
regions. Because the boundary conditions of the regions
are changed, distribution of currents corresponding to the
quarter-wavelength mode and the three-quarters-wave-
length mode is changed accordingly, and the quarter-
wavelength mode and the three-quarters-wavelength
mode are changed into new five-quarters-wavelength
modes.
[0347] FIG. 80 to FIG. 83 are diagrams of simulation
results of the antenna structure shown in FIG. 75 that
includes the second electronic element. FIG. 80 shows
S-parameters of the antenna structure shown in FIG. 75
that includes the second electronic element. FIG. 81
shows simulation results of radiation efficiency and total
efficiency of the antenna structure shown in FIG. 75 that
includes the second electronic element. FIG. 82 shows
S-parameters of the antenna structure shown in FIG. 75
in a left/right-handed model. FIG. 83 shows simulation
results of radiation efficiency and total efficiency of the
antenna structure shown in FIG. 75 in the left/right-
handed model.
[0348] It should be understood that, for brevity of de-
scription, in this embodiment, an example in which the
first electronic element is a resistor (L1=0 ohm), the
second electronic element is an inductor (L2=6 nH),
and the fourth electronic element is an inductor (L4=1
nH) is merely used for description. In an actual applica-
tion, adjustment may be performed based on an actual
production or design requirement.
[0349] As shown in FIG. 80, after the second electronic
element is electrically connected between the radiator
and the ground plane, S-parameters of the antenna
structure are approximately the same, and resonance
points of resonances slightly deviate.
[0350] As shown in FIG. 81, in a resonant frequency
band of a resonance generated in the new five-quarters-
wavelength mode, efficiency of the antenna structure is
approximately the same. In a resonant frequency band of
a resonance generated in the original five-quarters-wa-
velength mode, efficiency of the antenna structure is
improved by about 1 dB after the second electronic
element is electrically connected between the radiator
and the ground plane.
[0351] FIG. 82 shows S-parameters in a hand-held
model (a left-handed model or a right-handed model).
Because the antenna structure is disposed on the left
side of the ground plane, currents on two sides of the
ground plane are unbalanced during radiation, and a
current on the left side of the ground plane is definitely
greater than that on the right side of the ground plane.
Radiation absorption of the antenna structure is different
in the hand-held model, resulting in unbalanced effi-
ciency reduction of the antenna structure in the left/-
right-handed model. Compared with efficiency in free
space, radiation efficiency is reduced by about 3.3 dB
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in the left-handed mode, and radiation efficiency is re-
duced by about 6.3 dB in the right-handed mode, as
shown in FIG. 83.
[0352] FIG. 84 is a diagram of still another antenna
structure 200 according to an embodiment of this appli-
cation.
[0353] It should be understood that a difference be-
tween the antenna structure 200 shown in FIG. 84 and
the antenna structure 200 shown in FIG. 75 lies in that a
radiator 210 is disposed at a different position of a bezel of
an electronic device. The radiator 210 in the antenna
structure 200 shown in FIG. 75 is on a long side of a bezel,
and the radiator 210 in the antenna structure 200 shown
in FIG. 84 is partially on a longside of a bezel, and partially
on a short side of the bezel.
[0354] FIG. 85 and FIG. 86 are diagrams of simulation
results of the antenna structure shown in FIG. 84 that
does not include a second electronic element. FIG. 85 is a
distribution diagram of electric fields and currents of the
antenna structure shown in FIG. 84. FIG. 86 is a pattern of
the antenna structure shown in FIG. 84.
[0355] It should be understood that, for brevity of de-
scription, in this embodiment, an example in which a
length of the radiator is 88 mm, a first electronic element
is a resistor (L1= 0 ohm), and a fourth electronic element
is an inductor (L4=1 nH) is merely used for description. In
an actual application, adjustment may be performed
based on an actual production or design requirement.
[0356] As shown in (a) in FIG. 85, the first electronic
element and the fourth electronic element are electrically
connected between the radiator and the ground plane,
the electronic element is electrically connected to the
ground plane in the current region to generate an electric
field node (a current strong point), and the operating
mode is changed from the quarter-wavelength mode to
a new five-quarters-wavelength mode. (a) in FIG. 86 is a
pattern corresponding to the mode.
[0357] As shown in (b) in FIG. 85, the first electronic
element and the fourth electronic element are electrically
connected between the radiator and the ground plane,
the electronic element is electrically connected to the
ground plane in the current region to generate an electric
field node (a current strong point), and the operating
mode is changed from the three-quarters-wavelength
mode to a new five-quarters-wavelength mode. (b) in
FIG. 86 is a pattern corresponding to the mode.
[0358] As shown in (c) in FIG. 85, the first electronic
element and the fourth electronic element are electrically
connected between the radiator and the ground plane,
the electronic element is electrically connected to the
ground plane in a current region, a region of an electric
field node (a current strong point) is the same as that of
the electric field node (current strong point) generated in
the original five-quarters-wavelength mode, a boundary
condition is not changed, and the original five-quarters-
wavelength mode is not changed. (c) in FIG. 86 is a
pattern corresponding to the mode.
[0359] FIG. 87 and FIG. 88 are diagrams of simulation

results of the antenna structure shown in FIG. 84 that
includes the second electronic element. FIG. 87 shows
S-parameters of the antenna structure shown in FIG. 84
in a left/right-handed model. FIG. 88 shows simulation
results of radiation efficiency and total efficiency of the
antenna structure shown in FIG. 84 in the left/right-
handed model.
[0360] It should be understood that, for brevity of de-
scription, in this embodiment, an example in which the
first electronic element is an inductor (L1=3 nH), the
second electronic element is an inductor (L2=1 nH),
and the fourth electronic element is an inductor
(L4=1.5 nH) is merely used for description. In an actual
application, adjustment may be performed based on an
actual production or design requirement.
[0361] FIG. 87 shows S-parameters in a hand-held
model (a left-handed model or a right-handed model).
Because the antenna structure is disposed in a lower
right corner of the ground plane, compared with the
antenna structure 200 shown in FIG. 75 in which the
radiator 210 is on the long side of the bezel, in the antenna
structure 200 shown in FIG. 84, currents on two sides of
the ground plane are improved during radiation but are
still unbalanced, and a current on the right side of the
ground plane is definitely greater than that on the left side
of the ground plane. Radiation absorption of the antenna
structure is different in the hand-held model, resulting in
unbalanced efficiency reduction of the antenna structure
in the left/right-handed model. Compared with efficiency
in free space, radiation efficiency is reduced by a max-
imum of about 8 dB in the left-handed mode, and radia-
tion efficiency is reduced by about 4 dB in the right-
handed mode, as shown in FIG. 88.
[0362] It should be understood that a technical solution
of a resonant stub may also be applied to the antenna
structure 200 (for example, the antenna structure shown
in FIG. 75 and FIG. 84). For example, the resonant stub is
connected to a first end (ground end) of the radiator, to
improve efficiency of the antenna structure in the left/-
right-handed model.
[0363] FIG. 89 is a diagram of still another antenna
structure 200 according to an embodiment of this appli-
cation.
[0364] As shown in FIG. 89, the antenna structure 200
may further include a fifth electronic element 225. A
radiator 210 may further include an electric field region.
The electric field region includes a current node gener-
ated by the antenna structure 200. The fifth electronic
element 225 is electrically connected between the elec-
tric field region and a ground plane 220. It should be
understood that the fifth electronic elements 225 may be
configured to improve efficiency of the antenna structure.
[0365] It should be understood that a difference be-
tween the antenna structure 200 shown in FIG. 89 and
the antenna structure 200 shown in FIG. 84 lies in that
operating frequency bands of the antenna structure are
different, and a second electronic element 222 is re-
placed with the fifth electronic element 225 to improve
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efficiency of the antenna structure. An operating fre-
quency band of the antenna structure 200 shown in
FIG. 84 is an intermediate frequency band (for example,
the operating frequency band is greater than 1.7 GHz and
less than or equal to 3 GHz), and an operating frequency
band of the antenna structure 200 shown in FIG. 88 is a
low frequency band (for example, the operating fre-
quency band is less than or equal to 1.7 GHz).
[0366] As shown in FIG. 89, in the antenna structure
200, a part of a bezel of an electronic device is used as the
radiator 210. Because an electrical length of the radiator
is five quarters of a first wavelength, when a first reso-
nance corresponding to a first wavelength is in a low
frequency band, a physical length of the radiator is large
and the radiator 210 may be positioned on three adjacent
edges of the bezel, to meet a requirement for the physical
length of the radiator 210.
[0367] FIG. 90 and FIG. 91 are diagrams of simulation
results of the antenna structure shown in FIG. 89. FIG. 90
shows S-parameters of the antenna structure shown in
FIG. 89. FIG. 91 shows simulation results of radiation
efficiency and total efficiency of the antenna structure
shown in FIG. 89.
[0368] It should be understood that, for brevity of de-
scription, in this embodiment, an example in which a first
electronic element is an inductor (L1=0.7 nH), a fourth
electronic element is an inductor (L4=3 nH), and the fifth
electronic element is a capacitor (L5=1 pF) is merely
used for description. In an actual application, adjustment
may be performed based on an actual production or
design requirement.
[0369] As shown in FIG. 90, when the first electronic
element and the fourth electronic element are electrically
connected between the radiator and the ground plane, an
electric field node (a current strong point) is generated in
regions (a first current region and a second current
region) near an electrical joint between the electronic
element and the radiator. In this case, a quarter-wave-
length mode and a three-quarters-wavelength mode are
changed into new five-quarters-wavelength modes, so
that a resonance generated in the new five-quarters-
wavelength mode is close to a resonance generated in
the original five-quarters-wavelength mode, to obtain a
wide operating bandwidth.
[0370] As shown in FIG. 91, the fifth electronic element
is electrically connected in the electric field region, so that
efficiency of the antenna structure in an operating fre-
quency band (with S11<‑4 dB as a boundary) can be
improved.
[0371] FIG. 92 and FIG. 93 are diagrams of simulation
results of the antenna structure shown in FIG. 89. FIG. 92
is a distribution diagram of currents of the antenna struc-
ture shown in FIG. 89. FIG. 93 is a pattern of the antenna
structure shown in FIG. 89.
[0372] (a) in FIG. 92 is distribution diagram of electric
fields and currents, corresponding to an operating mode
of a new five-quarters-wavelength mode changed from
the quarter-wavelength mode, in which the first electronic

element and the fourth electronic element are electrically
connected between the radiator and the ground plane,
and the electronic element is electrically connected to the
ground plane in a current region to generate an electric
field node (a current strong point). (a) in FIG. 93 is a
pattern corresponding to the mode.
[0373] (b) in FIG. 92 is a distribution diagram of electric
fields and currents, corresponding to an operating mode
of a new five-quarters-wavelength mode changed from
the three-quarters-wavelength mode, in which the first
electronic element and the fourth electronic element are
electrically connected between the radiator and the
ground plane, and the electronic element is electrically
connected to the ground plane in a current region to
generate an electric field node (a current strong point).
(b) in FIG. 93 is a pattern corresponding to the mode.
[0374] As shown in (c) in FIG. 92, the first electronic
element and the fourth electronic element are electrically
connected between the radiator and the ground plane,
the electronic element is electrically connected to the
ground plane in a current region, a region of an electric
field node (a current strong point) is the same as that of
the electric field node (current strong point) generated in
the original five-quarters-wavelength mode, and the ori-
ginal five-quarters-wavelength mode is not changed. (c)
in FIG. 93 is a pattern corresponding to the mode.
[0375] FIG. 94 is a diagram of still another antenna
structure 200 according to an embodiment of this appli-
cation.
[0376] As shown in FIG. 94, the antenna structure 200
may include a radiator 210, a ground plane 220, a first
electronic element 221, a fourth electronic element 224,
and a sixth electronic element 226.
[0377] A first end of the radiator 210 is grounded, and a
second end of the radiator 210 is an open end (the second
end of the radiator 210 is not directly connected to an-
other conductor). The radiator 210 includes a first current
region 211, a second current region 212, and a third
current region 213. The first current region 211, the
second current region 212, and the third current region
213 each include an electric field node generated by the
antenna structure 200. The second current region 212 is
between the first current region 212 and the third current
region 213. The first electronic element 221 is electrically
connected between the first current region 211 and the
ground plane 220. The fourth electronic element 224 is
electrically connected between the second current re-
gion 212 and the ground plane 220. The sixth electronic
element 226 is electrically connected between the third
current region 213 and the ground plane 220.
[0378] In an embodiment, the antenna structure 200 is
a bezel antenna, and may be disposed on a long edge of a
bezel.
[0379] It should be understood that a difference be-
tween the antenna structure 200 shown in FIG. 94 and
the antenna structure 200 in the foregoing embodiments
lies in that an electrical length of the radiator 210 in the
antenna structure 200 shown in FIG. 94 is seven quarters
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of a first wavelength.
[0380] Because the electrical length of the radiator 210
in the antenna structure 200 is seven quarters of the first
wavelength, an operating mode of the antenna structure
200 may include a quarter-wavelength mode, a three-
quarters-wavelength mode, a five-quarters-wavelength
mode, and a seven-quarters-wavelength mode. There-
fore, during operation of the antenna structure 200, three
electric field nodes (current strong points) may be gen-
erated on the radiator 210. Loading an electronic element
in the regions can increase the quarter-wavelength
mode, the three-quarters-wavelength mode, and the
five-quarters-wavelength mode to a new seven-quar-
ters-wavelength mode. The antenna structure 200 may
include four seven-quarters-wavelength modes to ex-
pand an operating bandwidth of the antenna structure.
[0381] It should be understood that the electric field
nodes (current strong points) that are generated by the
antenna structure 200 and that are included in the fore-
going current regions may be understood as current
nodes included in distribution of currents and electric
fields corresponding to a highest-order mode in the an-
tenna structure. In an embodiment, the electrical length
of the radiator 210 is seven quarters of the first wave-
length, and correspondingly, an electric field node (a
current strong point) generated by the antenna structure
200 may be understood as an electric field node (a
current strong point) generated in the seven-quarters-
wavelength mode.
[0382] In an embodiment, the antenna structure 200
may further include a second electronic element 222. The
first electronic element 221 is electrically connected to
the radiator 210 at a first position 231. The second
electronic element 222 is electrically connected to the
radiator 210 at a second position. The second position is
between the first position and a third position. The third
position is between the first position and the second end
(an open end) of the radiator. A distance between the
third position and the first position is the same as a
distance between the third position and the second
end of the radiator. A distance between the first electronic
element 221 and the second end of the radiator 210 is
less than a distance between the fourth electronic ele-
ment 224 or the sixth electronic element 226 and the
second end of the radiator 210.
[0383] It should be understood that the second elec-
tronic element 222 may be configured to reduce a strong
binding electric field generated in a closed slit formed
between the ground plane and the radiator between two
adjacent ground points (for example, the first electronic
element 221 and the fourth electronic element 224) in the
original seven-quarters-wavelength mode, so as to re-
duce a loss of converted thermal energy in a dielectric or a
conductor around the closed slit. This improves efficiency
of the antenna structure.
[0384] In an embodiment, the antenna structure 200
may further include a feed unit 230. The feed unit 230 and
the radiator 210 may be electrically connected between

the first end of the radiator 210 and an electrical joint
between the sixth electronic element 226 and the radia-
tor.
[0385] FIG. 95 and FIG. 96 are diagrams of simulation
results of the antenna structure shown in FIG. 94. FIG. 95
shows S-parameters of the antenna structure shown in
FIG. 94. FIG. 96 shows simulation results of radiation
efficiency and total efficiency of the antenna structure
shown in FIG. 94.
[0386] It should be understood that, for brevity of de-
scription, in this embodiment, an example in which a
length of the radiator is 112 mm is merely used for
description. In an actual application, adjustment may
be performed based on an actual production or design
requirement.
[0387] As shown in FIG. 95, when the first electronic
element 221, the fourth electronic element 224, and the
sixth electronic element 226 are not electrically con-
nected between the radiator and the ground plane, the
antenna structure may generate four resonances in the
quarter-wavelength mode, the three-quarters-wave-
length mode, the five-quarters-wavelength mode, and
the seven-quarters-wavelength mode (a frequency of a
resonance generated in the quarter-wavelength mode is
excessively low and is not shown).
[0388] When the first electronic element 221, the fourth
electronic element 224, and the sixth electronic element
226 are electrically connected between the radiator and
the ground plane (the first electronic element is a resistor
(L1=0 ohm), the fourth electronic element is an inductor
(L4=1 nH), and the sixth electronic element is an inductor
(L6=2 nH)), an electric field node (a current strong point)
is generated in a region near an electronic joint between
the electronic element and the radiator. In this case, the
quarter-wavelength mode, the three-quarters-wave-
length mode, and the five-quarters-wavelength mode
are changed into new seven-quarters-wavelength
modes, so that a resonance generated in the new se-
ven-quarters-wavelength mode is close to a resonance
generated in the original seven-quarters-wavelength
mode, to obtain a wide operating bandwidth.
[0389] As shown in FIG. 96, the antenna structure has
good efficiency (total efficiency and radiation efficiency)
in a frequency band corresponding to a resonance gen-
erated in each mode.
[0390] FIG. 97 and FIG. 98 are distribution diagrams of
electric fields and currents of the antenna structure
shown in FIG. 94. FIG. 97 is a distribution diagram of
electric fields and currents of the antenna structure
shown in FIG. 94 that does not include the second
electronic element. FIG. 98 is a distribution diagram of
electric fields and currents of the antenna structure
shown in FIG. 94 that includes the second electronic
element.
[0391] As shown in (a) in FIG. 97, the first electronic
element, the fourth electronic element, and the sixth
electronic element are electrically connected between
the radiator and the ground plane, the electronic element
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is electrically connected to the ground plane in the current
region to generate an electric field node (a current strong
point), and the operating mode is changed from the
quarter-wavelength mode to a new seven-quarters-wa-
velength mode. (a) in FIG. 98 shows distribution of elec-
tric fields and currents corresponding to the new five-
quarters-wavelength mode in a case in which the anten-
na structure includes the second electronic element.
Distribution of the electric fields is approximately the
same.
[0392] (b) in FIG. 97 is a distribution diagram of electric
fields and currents, corresponding to an operating mode
of a new seven-quarters-wavelength mode changed
from the three-quarters-wavelength mode, in which the
first electronic element, the fourth electronic element,
and the sixth electronic element are electrically con-
nected between the radiator and the ground plane, and
the electronic element is electrically connected to the
ground plane in the current region to generate an electric
field node (a current strong point).
[0393] (c) in FIG. 97 is a distribution diagram of electric
fields and currents, corresponding to an operating mode
of a new seven-quarters-wavelength mode changed
from the five-quarters-wavelength mode, in which the
first electronic element, the fourth electronic element,
and the sixth electronic element are electrically con-
nected between the radiator and the ground plane, and
the electronic element is electrically connected to the
ground plane in the current region to generate an electric
field node (a current strong point).
[0394] As shown in (d) in FIG. 97, the first electronic
element, the fourth electronic element, and the sixth
electronic element are electrically connected between
the radiator and the ground plane, the electronic element
is electrically connected to the ground plane in a current
region, a region of an electric field node (a current strong
point) is the same as that of the electric field node (current
strong point) generated in the original seven-quarters-
wavelength mode, a boundary condition is not changed,
and the original seven-quarters-wavelength mode is not
changed. (d) in FIG. 98 shows distribution of electric
fields and currents corresponding to a case in which
the antenna structure includes the second electronic
element. Because the second electronic element is
added, to reduce the strong binding electric field gener-
ated in the closed slit formed between the ground plane
and the radiator between two adjacent ground points (for
example, the first electronic element and the fourth elec-
tronic element).
[0395] It should be understood that, when electronic
elements are respectively electrically connected to the
first current region, the second current region, and the
third current region, because the regions are electrically
connected to the ground plane through the electronic
elements, boundary conditions of the regions may be
changed, and electric field nodes (current strong points)
are generated in the regions. Because the boundary
conditions of the regions are changed, distribution of

the electric fields and currents corresponding to the
quarter-wavelength mode, the three-quarters-wave-
length mode, and the five-quarters-wavelength mode
is changed accordingly, and the quarter-wavelength
mode, the three-quarters-wavelength mode, and the
five-quarters-wavelength mode are changed into new
seven-quarters-wavelength modes.
[0396] FIG. 99 and FIG. 100 are diagrams of simulation
results of the antenna structure shown in FIG. 94 that
includes the second electronic element. FIG. 99 shows
S-parameters of the antenna structure shown in FIG. 94
in a left/right-handed model. FIG. 100 shows simulation
results of radiation efficiency and total efficiency of the
antenna structure shown in FIG. 94 in a left/right-handed
model.
[0397] It should be understood that, for brevity of de-
scription, in this embodiment, an example in which the
first electronic element is an inductor (L1=0.3 nH), the
second electronic element is an inductor (L2=6 nH), the
fourth electronic element is an inductor (L4=1.2 nH), and
the sixth electronic element is an inductor (L6=2 nH) is
merely used for description. In an actual application,
adjustment may be performed based on an actual pro-
duction or design requirement.
[0398] FIG. 99 shows S-parameters in a hand-held
model (a left-handed model or a right-handed model).
Because the antenna structure is disposed on the left
side of the ground plane, currents on two sides of the
ground plane are unbalanced during radiation, and a
current on the left side of the ground plane is definitely
greater than that on the right side of the ground plane.
Radiation absorption of the antenna structure is different
in the hand-held model, resulting in unbalanced effi-
ciency reduction of the antenna structure in the left/-
right-handed model. Compared with efficiency in free
space, radiation efficiency is reduced by about 4.5 dB
in the left-handed mode, and radiation efficiency is re-
duced by about 6.5 dB in the right-handed mode, as
shown in FIG. 83.
[0399] It should be understood that a technical solution
of a resonant stub may also be applied to the antenna
structure 200 shown in FIG. 94. For example, the reso-
nant stub is connected to the first end (ground end) of the
radiator, to improve efficiency of the antenna structure in
the left/right-handed model.
[0400] It may be clearly understood by a person skilled
in the art that, for the purpose of convenient and brief
description, for a detailed working 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.
[0401] 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
embodiments are merely examples. For example, the
unit division is merely logical function division and may be
other division in an actual implementation. For example,
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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 electronic, mechanical, or another
form.
[0402] 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. An antenna structure, comprising:

a ground plane, wherein the antenna structure is
grounded through the ground plane;
a radiator, wherein a first end and a second end
of the radiator are grounded; and
a first electronic element and a second electro-
nic element, wherein
a central region of the radiator comprises a slot,
or the antenna structure further comprises a
ground element and the ground element is elec-
trically connected between the central region
and the ground plane;
the radiator comprises a first current region and
a second current region, the central region is
between the first current region and the second
current region, the first current region comprises
an electric field node generated by the antenna
structure, and the second current region com-
prises an electric field node generated by the
antenna structure;
the first electronic element is electrically con-
nected between the first current region and the
ground plane; and
the second electronic element is electrically
connected between the second current region
and the ground plane.

2. The antenna structure according to claim 1, wherein
a distance between the first end and the second end
is equal to a length of the radiator.

3. The antenna structure according to claim 2, wherein

the antenna structure is used in an electronic
device; and

the electronic device further comprises a con-
ductive bezel, the bezel has a first position and a
second position, the first position and the sec-
ond position of the bezel are continuous with a
remaining part of the bezel, and the bezel be-
tween the first position and the second position
is used as the radiator.

4. The antenna structure according to claim 1, wherein
a distance between the first end and the second end
is less than a length of the radiator.

5. The antenna structure according to any one of claims
1 to 4, wherein

the antenna structure comprises a first filter and
a second filter;
the first filter is electrically connected between
the first electronic element and the first current
region;
the second filter is electrically connected be-
tween the second electronic element and the
second current region; and
the first filter and the second filter are in a turned-
on state in a first frequency band, and are in a
turned-off state in a second frequency band, and
a frequency of the first frequency band is higher
than a frequency of the second frequency band.

6. The antenna structure according to claim 5, wherein

a part of the radiator from the first end to the
second end is configured to generate a first
resonance, a second resonance, a third reso-
nance, a fourth resonance, a fifth resonance,
and a sixth resonance;
the first frequency band comprises a resonant
frequency band of the first resonance, a reso-
nant frequency band of the second resonance, a
resonant frequency band of the third resonance,
and a resonant frequency band of the fourth
resonance; and
the second frequency band comprises a reso-
nant frequency band of the fifth resonance and a
resonant frequency band of the sixth resonance.

7. The antenna structure according to any one of claims
1 to 6, wherein the central region of the radiator
comprises the slot, an electrical length of the radiator
is three halves of a first wavelength, and the first
wavelength is a wavelength corresponding to a re-
sonance generated by the antenna structure.

8. The antenna structure according to any one of claims
1 to 6, wherein the ground element is electrically
connected between the central region and the
ground plane, an electrical length of the radiator is
twice a first wavelength, and the first wavelength is a
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wavelength corresponding to a resonance gener-
ated by the antenna structure.

9. An electronic device, comprising the antenna struc-
ture according to any one of claims 1 to 8.

10. An antenna structure, comprising:

a ground plane, wherein the antenna structure is
grounded through the ground plane;
a radiator, wherein a first end of the radiator is
grounded, and a second end of the radiator is an
open end; and
a first electronic element, wherein
the radiator comprises a first current region, and
the first current region comprises an electric field
node generated by the antenna structure; and
the first electronic element is electrically con-
nected between the first current region and the
ground plane.

11. The antenna structure according to claim 10, where-
in

the antenna structure further comprises a sec-
ond electronic element; and
the first electronic element is electrically con-
nected to the radiator at a first position, the
second electronic element is electrically con-
nected to the radiator at a second position, the
second position is between the first position and
a third position, and a distance between the third
position and the first position is the same as a
distance between the third position and the sec-
ond end.

12. The antenna structure according to claim 10 or 11,
wherein

the antenna structure further comprises a feed
unit;
the radiator comprises an electric field region,
and the electric field region comprises a current
node generated by the antenna structure; and
the electric field region comprises a feed point,
and the feed unit is electrically connected to the
radiator at the feed point.

13. The antenna structure according to any one of claims
10 to 12, wherein

the antenna structure further comprises the feed
unit; and
the first current region comprises a feed point,
and the feed unit is electrically connected to the
radiator at the feed point.

14. The antenna structure according to any one of claims

10 to 13, wherein

the antenna structure further comprises a reso-
nant stub; and
a third end of the resonant stub is connected to
the first end, and a fourth end of the resonant
stub is an open end.

15. The antenna structure according to claim 14, where-
in
a length L1 of the resonant stub and a length L2 of the
radiator satisfy: 0.2×L2≤L1≤0.3×L2.

16. The antenna structure according to claim 14, where-
in

the antenna structure further comprises a third
electronic element; and
the third electronic element is electrically con-
nected between the first end and the ground
plane.

17. The antenna structure according to any one of claims
10 to 16, wherein

the antenna structure comprises a filter;
the first filter is electrically connected between
the first electronic element and the first current
region; and
the first filter is in a turned-on state in a first
frequency band, and is in a turned-off state in
a second frequency band, and a frequency of
the first frequency band is higher than a fre-
quency of the second frequency band.

18. The antenna structure according to claim 17, where-
in

a part of the radiator from the first end to the
second end is configured to generate a first
resonance, a second resonance, and a third
resonance;
the first frequency band comprises a resonant
frequency band of the first resonance and a
resonant frequency band of the second reso-
nance; and
the second frequency band comprises a reso-
nant frequency band of the third resonance.

19. The antenna structure according to any one of claims
10 to 18, wherein

the antenna structure further comprises a fourth
electronic element;
the radiator comprises a second current region,
and the second current region comprises an
electric field node generated by the antenna
structure; and
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the fourth electronic element is electrically con-
nected between the second current region and
the ground plane.

20. An electronic device, comprising the antenna struc-
ture according to any one of claims 10 to 19.
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