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(57) Embodiments of this application provide an
electronic device, including a plurality of antenna ele-
ments. The plurality of antenna elements are arranged in
different manners for high isolation in a case of a small
spacing, to meet a requirement of a MIMO system. The
electronic device includes a first antenna element, a
second antenna element, a first resonant connector,
and a first electronic element. The first antenna element
includes a first radiator and a first feed element, the
second antenna element includes a second radiator
and a second feed element, and the first feed element
is different from the second feed element. A first end of
the first resonant connector is electrically connected to
the first radiator, a second end of the first resonant con-
nector is electrically connected to the second radiator,
and the first electronic element is electrically connected
between a ground plane and the first resonant connector.
The first radiator and the second radiator are disposed in
parallel and non-collinearly, and ground ends of the first
radiator and the second radiator are away from each
other.
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Description

[0001] This application claims priority to Chinese Pa-
tent Application No. 202211040416.7, filed with the Chi-
na National Intellectual Property Administration on Au-
gust 29, 2022 and entitled "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 electronic device.

BACKGROUND

[0003] With rapid development of wireless communi-
cation technologies, in addition to making calls, sending
SMS messages, and taking photos, an electronic device
can be further used for listening to music online, watching
online movies, making real-time video calls, and the like,
which covers various applications such as a call applica-
tion, a movie and television entertainment application,
and an e-commerce application in people’s life. In this
case, a plurality of functional applications need to upload
and download data over a wireless network. Therefore,
high-speed data transmission becomes extremely im-
portant.

[0004] A multi-input multi-output (multi-input multi-out-
put, MIMO) technology plays a very importantrole in a 5th
generation (5th generation, 5G) wireless communication
system. MIMO is a technology for sending and receiving
signals through a plurality of antennas in the field of
wireless communication. A MIMO system includes a
plurality of antenna elements that can operate simulta-
neously for sending and receiving data within a same
time periodicity, so that a data throughput (throughput)
can be greatly increased, and a higher data transmission
rate is provided. However, in an increasingly compact
layout, itis still a great challenge for the electronic device,
for example, a mobile phone, to send and receive signals
through a plurality of antennas to obtain good MIMO
performance.

SUMMARY

[0005] Embodiments of this application provide an
electronic device. The electronic device may include a
plurality of antenna elements. The plurality of antenna
elements are arranged in different manners for high
isolation in a case of a small spacing, to meet a require-
ment of a MIMO system.

[0006] According to a first aspect, an electronic device
is provided, including: a ground plane; a first antenna
element, including a first parasitic stub, a first radiator,
and afirstfeed element, where the first radiatorincludes a
firstfeed point, and the first feed elementis coupled to the
first radiator through the first feed point; and a second
antenna element, including a second radiator and a
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second feed element, where the second radiatorincludes
a second feed point, the second feed element is coupled
to the second radiator through the second feed point, the
first feed element is different from the second feed ele-
ment, and a first end of the first radiator, a first end of the
second radiator, and a second end of the first parasitic
stub are all coupled to the ground plane; and the first end
of the first radiator and the first end of the second radiator
are ground ends disposed on a same side, and the first
end of the first radiator and the second end of the first
parasitic stub are ground ends disposed on different
sides.

[0007] According to the technical solution in embodi-
ments of this application, the ground end of the first
radiator and the ground end of the second radiator are
disposed on the same side, to form a weakly-coupled
structure. The ground end of the first radiator and the
ground end of the first parasitic stub are disposed on
different sides, to form a strongly-coupled structure. The
first parasitic stub generates a resonance by using an
electrical signal fed by the first radiator, to expand an
operating frequency band of the first antenna element.
[0008] With reference to the first aspect, in some im-
plementations of the first aspect, the first radiator and the
second radiator are serialized.

[0009] Insomeimplementations of the first aspect, the
first radiator and the second radiator are disposed colli-
nearly.

[0010] With reference to the first aspect, in some im-

plementations of the first aspect, the first radiator and the
second radiator are juxtaposed.

[0011] According to the technical solutions in embodi-
ments of this application, the first radiator and the second
radiator are disposed in parallel and non-collinearly.
[0012] With reference to the first aspect, in some im-
plementations of the first aspect, the first radiator and the
first parasitic stub are juxtaposed.

[0013] According to the technical solutions in embodi-
ments of this application, the first radiator and the first
parasitic stub are disposed in parallel and non-collinearly.
[0014] With reference to the first aspect, in some im-
plementations of the first aspect, the first radiator and the
first parasitic stub are serialized.

[0015] According to the technical solutions in embodi-
ments of this application, the first radiator and the first
parasitic stub are disposed collinearly.

[0016] With reference to the first aspect, in some im-
plementations of the first aspect, both the first radiator
and the second radiator extend in a first direction, a
second end of the first radiator is an open end, and a
second end of the second radiator is an open end, where
that the first end of the first radiator and the first end of the
second radiator are ground ends disposed on a same
side means that the first end of the first radiator is on a first
side in the first direction, the second end of the first
radiator is on a second side in the first direction, the first
end of the second radiator is on the first side in the first
direction, and the second end of the second radiator is on
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the second side in the first direction.

[0017] With reference to the first aspect, in some im-
plementations of the first aspect, the first end of the first
radiator and the first end of the second radiator are
ground ends disposed on a same side, the first end of
the first radiator is located on a first side of a virtual axis of
the first radiator, and the first end of the second radiator is
located on a first side of a virtual axis of the second
radiator.

[0018] With reference to the first aspect, in some im-
plementations of the first aspect, both the first radiator
and the first parasitic stub extend in the first direction, the
second end of the first radiator is an open end, and a first
end of the first parasitic stub is an open end, where that
the first end of the first radiator and the second end of the
first parasitic stub are ground ends disposed on different
sides means that the first end of the first radiator is on the
first side in the first direction, the second end of the first
radiator is on the second side in the first direction, the first
end of the first parasitic stub is on the first side in the first
direction, and the second end of the first parasitic stub is
on the second side in the first direction.

[0019] With reference to the first aspect, in some im-
plementations of the first aspect, the first end of the first
radiator and the second end of the first parasitic stub are
ground ends disposed on different sides, the first end of
the first radiator is located on a first side of a virtual axis of
the first radiator, and the second end of the first parasitic
stubis located on a second side of a virtual axis of the first
parasitic stub.

[0020] With reference to the first aspect, in some im-
plementations of the first aspect, the electronic device
further includes a first resonant connector and a first
electronic element, where a first end of the first resonant
connector is coupled to the first radiator, and a second
end of the first resonant connector is coupled to the first
parasitic stub; and a first end of the first electronic ele-
ment is coupled to the first resonant connector, and a
second end of the first electronic element is coupled to
the ground plane for grounding.

[0021] According to the technical solutions in embodi-
ments of this application, it should be understood that a
frequency of a resonance generated in a first resonance
mode (for example, an HWM) of the first antenna element
and a frequency of a resonance generated in a second
resonance mode (for example, an OWM) of the first
antenna element may be adjusted through the first re-
sonant connector disposed between the first radiator and
the first parasitic stub and the first electronic element
connected in parallel between the first resonant connec-
tor and the ground plane, so that the resonances gener-
ated in the two resonance modes are close to each other
to form a wide resonance frequency band, to expand an
operating bandwidth of the first antenna element. Alter-
natively, the frequencies of the resonances generated in
the two resonance modes may be away from each other,
so that the resonances generated in the two resonance
modes are away from each other. In this case, an oper-
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ating frequency band of the first antenna element in-
cludes two different communication frequency bands.
[0022] Similarly, in a case in which no first resonant
connector is disposed between the first radiator and the
first parasitic stub, same technical effect may also be
achieved by adjusting the distance between the first
radiator and the first parasitic stub.

[0023] With reference to the first aspect, in some im-
plementations of the first aspect, the second antenna
element further includes a second parasitic stub, and a
second end of the second parasitic stub is coupled to the
ground plane for grounding; the first radiator and the first
parasitic stub are juxtaposed, and the second radiator
and the second parasitic stub are juxtaposed. Alterna-
tively, the second radiator and the second parasitic stub
are serialized, and the first end of the second radiator and
the second end of the second parasitic stub are ground
ends disposed on different sides.

[0024] In some implementations of the first aspect, a
first projection and a third projection are parallel to each
otherin the first direction and at least partially overlapina
second direction; a second projection and a fourth pro-
jection are parallel to each other in the first direction and
at least partially overlap in the second direction, or a
second projection and a fourth projection are disposed
along a same straight line in the first direction, where the
fourth projection is a projection of the second parasitic
stub on a plane on which the ground plane is located; and
a distance between the first end of the second radiator
and the firstend of the second parasitic stubisless than a
distance between the first end of the second radiator and
the second end of the second parasitic stub.

[0025] According to the technical solution in embodi-
ments of this application, the ground end of the second
radiator and the ground end of the second parasitic stub
are away from each other, and are arranged on different
sides, to form a strongly-coupled structure. The second
parasitic stub generates a resonance by using an elec-
trical signal fed by the second radiator, to expand an
operating frequency band of the second antenna ele-
ment.

[0026] With reference to the first aspect, in some im-
plementations of the first aspect, the first end of the first
resonant connector is located between the first end of the
firstradiator and a midpoint of the first radiator; and/or the
second end of the first resonant connector is located
between the second end of the first parasitic stub and
a midpoint of the first parasitic stub.

[0027] With reference to the first aspect, in some im-
plementations of the first aspect, a physical length L1 of
the first radiator and a physical length L2 of the second
radiator satisfy the following: L1X80%<L2<L1X120%;
and the physical length L1 of the first radiator and a
physical length L3 of the first parasitic stub satisfy the
following: L1X80%<L3<L1x120%.

[0028] According to the technical solutions in embodi-
ments of this application, as lengths of the first radiator
and the first parasitic stub are closer to each other, and
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lengths of the first radiator and the second radiator are
closer to each other, radiation performance of the anten-
na element is better.

[0029] With reference to the first aspect, in some im-
plementations of the first aspect, the electronic device
furtherincludes a second electronic element; and the first
resonant connector includes a slot, and the second elec-
tronic element is connected in series to the first resonant
connector through the slot. With reference to the first
aspect, in some implementations of the first aspect, the
first parasitic stub and the first radiator are configured to:
jointly generate a first resonance and jointly generate a
second resonance; and the second radiator is configured
to generate a third resonance.

[0030] With reference to the first aspect, in some im-
plementations of the first aspect, an operating frequency
band of the first antenna element and an operating fre-
quency band of the second antenna element each in-
clude a first frequency band.

[0031] According to the technical solution in embodi-
ments of this application and the first antenna element,
the second antenna element may be used in a MIMO
system as subunits in the MIMO system.

[0032] With reference to the first aspect, in some im-
plementations of the first aspect, both the first radiator
and the second radiator extend in the first direction, a
second end of the first radiator is an open end, and the
first end of the second radiator is an open end. That the
first end of the first radiator and the second end of the
second radiator are ground ends disposed on different
sides means that the first end of the first radiator is on a
first side in the first direction, the second end of the first
radiator is on a second side in the first direction, the first
end of the second radiator is on the first side in the first
direction, and the second end of the second radiator is on
the second side in the first direction.

[0033] According to a second aspect, an electronic
device is provided, including: a ground plane; a first
antenna element, including a first parasitic stub, a first
radiator, and a first feed element, where the first radiator
includes a first feed point, and the first feed element is
coupled to the first radiator through the first feed point;
and a second antenna element, including a second ra-
diator and a second feed element, where the second
radiator includes a second feed point, the second feed
element is coupled to the second radiator through the
second feed point, and the first feed element is different
from the second feed element; a first end of the first
radiator is coupled to the ground plane for grounding, a
first end of the second radiator is coupled to the ground
plane for grounding, and a second end of the first para-
sitic stub is coupled to the ground plane for grounding; a
first projection and a second projection extend in a first
direction and do not overlap in a second direction, the
second direction is perpendicular to the first direction, the
first projection is a projection of the first radiator on a
plane on which the ground plane is located, and the
second projection is a projection of the second radiator
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on the plane on which the ground planeis located; the first
end of the first radiator and the first end of the second
radiator are ground ends disposed on different sides; and
the first end of the first radiator and the second end of the
first parasitic stub are ground ends disposed on different
sides.

[0034] With reference to the second aspect, in some
implementations of the second aspect, the first radiator
and the first parasitic stub are juxtaposed.

[0035] With reference to the second aspect, in some
implementations of the second aspect, the first radiator
and the first parasitic stub are serialized.

[0036] Insomeimplementations of the second aspect,
the first projection and a third projection are disposed
along a same straightline in the first direction, the second
projection and the third projection are parallel in the first
direction, and at least partially overlap in the second
direction, where the third projection is a projection of
the first parasitic stub on a plane on which the ground
plane is located; a distance between the first end of the
first radiator and the first end of the first parasitic stub is
less than a distance between the first end of the first
radiator and the second end of the first parasitic stub; and
a distance between the first end of the second radiator
and the second end of the first parasitic stub is less than a
distance between the first end of the second radiator and
a first end of the first parasitic stub.

[0037] Insomeimplementations of the second aspect,
the first radiator and the second radiator are parallel and
non-collinearly in the first direction, and do not overlap in
the second direction, to form a weakly-coupled structure.
The firstradiator and the first parasitic stub are collinearin
the first direction, and the ground end of the first radiator
and the ground end of the first parasitic stub are away
from each other, and are disposed on different sides, to
form a strongly-coupled structure. The second radiator
and the first parasitic stub are disposed in parallel and
non-collinearly, and the ground end of the second radia-
tor and the ground end of the first parasitic stub are close
to each other and are disposed on a same side, to form a
weakly-coupled structure.

[0038] With reference to the second aspect, in some
implementations of the second aspect, the electronic
device further includes a first resonant connector and a
first electronic element, where a first end of the first
resonant connector is coupled to the first radiator, and
a second end of the first resonant connector is coupled to
the first parasitic stub; and a first end of the first electronic
element is coupled to the first resonant connector, and a
second end of the first electronic element is coupled to
the ground plane for grounding.

[0039] With reference to the second aspect, in some
implementations of the second aspect, the second an-
tenna element further includes a second parasitic stub, a
second end of the second parasitic stub is coupled to the
ground plane for grounding, and the first end of the
second radiator and the second end of the second para-
sitic stub are ground ends disposed on different sides.



7 EP 4 531 205 A1 8

[0040] With reference to the second aspect, in some
implementations of the second aspect, the second pro-
jection and a fourth projection are disposed along a same
straight line in the first direction, the first projection and
the fourth projection are parallel in the first direction, and
at least partially overlap in the second direction, where
the fourth projection is a projection of the second parasitic
stub on a plane on which the ground plane is located; a
distance between the first end of the first radiator and the
second end of the second parasitic stub is less than a
distance between the first end of the first radiator and the
first end of the second parasitic stub; and a distance
between the first end of the second radiator and the first
end of the second parasitic stub is less than a distance
between the first end of the second radiator and the
second end of the second parasitic stub.

[0041] With reference to the second aspect, in some
implementations of the second aspect, the first end of the
firstresonant connectorislocated between the firstend of
the first radiator and a midpoint of the first radiator; and/or
the second end of the first resonant connector is located
between the second end of the first parasitic stub and a
midpoint of the first parasitic stub.

[0042] With reference to the second aspect, in some
implementations of the second aspect, the first radiator
and the second radiator are sheet-like radiators.

[0043] With reference to the second aspect, in some
implementations of the second aspect, the first parasitic
stub and the first radiator are configured to: jointly gen-
erate a first resonance and jointly generate a second
resonance; and the second radiator is configured to
generate a third resonance. With reference to the second
aspect, in some implementations of the second aspect,
an operating frequency band of the first antenna element
and an operating frequency band of the second antenna
element each include a first frequency band.

[0044] Accordingto athird aspect, an electronic device
is provided, including: a ground plane; a first antenna
element, including a first parasitic stub, a first radiator,
and afirstfeed element, where the first radiator includes a
firstfeed point, and the first feed element is coupled to the
first radiator through the first feed point; and a second
antenna element, including a second radiator and a
second feed element, where the second radiatorincludes
a second feed point, the second feed element is coupled
to the second radiator through the second feed point, and
the first feed element is different from the second feed
element; a first end of the first radiator is coupled to the
ground plane for grounding, a first end of the second
radiator is coupled to the ground plane for grounding, a
second end of the first parasitic stub is coupled to the
ground plane for grounding, and a distance between the
firstend of the second radiator and the second end of the
first parasitic stub is greater than a distance between the
first end of the second radiator and a first end of the first
parasitic stub; a first projection is perpendicular to a
second projection, an extension line of the second ra-
diator intersects an extension line of the first radiator on

10

15

20

25

30

35

40

45

50

55

the first radiator, the first projection is a projection of the
first radiator on a plane on which the ground plane is
located, and the second projection is a projection of the
second radiator on the plane on which the ground plane is
located; the first projection and a third projection are
disposed along a same straight line in a first direction,
and the third projection is a projection of the first parasitic
stub on the plane on which the ground plane is located;
and a distance between the first end of the first radiator
and the first end of the first parasitic stub is less than a
distance between the first end of the first radiator and the
second end of the first parasitic stub.

[0045] According to the technical solution in embodi-
ments of this application, the first radiator and the second
radiator are perpendicular to each other, to form a
weakly-coupled structure. The first radiator and the first
parasitic stub are collinear in the first direction, and a
ground end of the first radiator and a ground end of the
first parasitic stub are away from each other, and are
disposed on different sides, to form a strongly-coupled
structure.

[0046] With reference to the third aspect, in some
implementations of the third aspect, the electronic device
further includes a first resonant connector and a first
electronic element, where a first end of the first resonant
connector is coupled to the first radiator, and a second
end of the first resonant connector is coupled to the first
parasitic stub; and a first end of the first electronic ele-
ment is coupled to the first resonant connector, and a
second end of the first electronic element is coupled to
the ground plane for grounding.

[0047] With reference to the third aspect, in some
implementations of the third aspect, the second antenna
element further includes a second parasitic stub, a sec-
ond end of the second parasitic stub is coupled to the
ground plane for grounding, the second projection and a
fourth projection are disposed along a same straight line
in a second direction, the fourth projection is a projection
of the second parasitic stub on a plane on which the
ground plane is located, and the second direction is
perpendicular to the first direction; and a distance be-
tween the first end of the second radiator and a first end of
the second parasitic stub is less than a distance between
the first end of the second radiator and the second end of
the second parasitic stub.

[0048] With reference to the third aspect, in some
implementations of the third aspect, the electronic device
further includes a third antenna element, the third anten-
na element includes a third radiator and a third feed
element, the third radiator includes a third feed point,
the third feed element is coupled to the third radiator
through the third feed point, the third feed element is
different from the first feed element and the second feed
element, and the first radiator is located between the
second radiator and the third radiator; and a third projec-
tion is perpendicular to the second projection, an exten-
sion line of the third radiator intersects an extension line
of the first radiator on the first radiator, and the third
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projection is a projection of the third radiator on the plane
on which the ground plane is located.

[0049] With reference to the third aspect, in some
implementations of the third aspect, the first end of the
firstresonant connectorislocated between the firstend of
the first radiator and a midpoint of the first radiator; and/or
the second end of the first resonant connector is located
between the second end of the first parasitic stub and a
midpoint of the first parasitic stub.

[0050] With reference to the third aspect, in some
implementations of the third aspect, the first radiator
and the second radiator are sheet-like radiators.

[0051] With reference to the third aspect, in some
implementations of the third aspect, the first parasitic
stub and the first radiator are configured to: jointly gen-
erate a first resonance and jointly generate a second
resonance; and the second radiator is configured to
generate a third resonance.

[0052] With reference to the third aspect, in some
implementations of the third aspect, an operating fre-
quency band of the first antenna element, and an oper-
ating frequency band of the second antenna element
each include a first frequency band.

BRIEF DESCRIPTION OF DRAWINGS
[0053]

FIG. 1is a diagram of an electronic device according
to an embodiment of this application;

FIG. 2 is a diagram of current distribution corre-
sponding to an HWM of a dipole antenna according
to this application;

FIG. 3 is a diagram of current distribution corre-
sponding to an OWM of a dipole antenna according
to this application;

FIG. 4 is a diagram of current distribution of a bent
dipole antenna according to an embodiment of this
application;

FIG. 5 is a diagram of current distribution of a bent
dipole antenna according to an embodiment of this
application;

FIG. 6 is a diagram of current distribution of a bent
dipole antenna to which a ground plane is added
according to an embodiment of this application;

FIG. 7 is a diagram of current distribution of a bent
dipole antenna to which a ground plane is added
according to an embodiment of this application;

FIG. 8 is a diagram of current distribution of a bent
dipole antenna to which a ground plane perpendi-
cularto an antenna elementis added according to an
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embodiment of this application;

FIG. 9 is a diagram of current distribution of a bent
dipole antenna to which a ground plane perpendi-
cularto an antenna elementis added according to an
embodiment of this application;

FIG. 10 is a diagram of a group of antenna structures
according to an embodiment of this application;

FIG. 11 is a diagram of current distribution of an
antenna structure shown in (a) in FIG. 10;

FIG. 12 is a diagram of current distribution of an
antenna structure shown in (b) in FIG. 10;

FIG. 13 is a diagram of an antenna structure accord-
ing to an embodiment of this application;

FIG. 14 shows an S11 simulation result of an antenna
element 111 in the antenna structure shown in FIG.
13;

FIG. 15 shows a simulation result of isolation be-
tween antenna elements in the antenna structure
shown in FIG. 13;

FIG. 16 is a diagram of current distribution corre-
sponding to a case in which an electrical signal is fed
into an antenna element 111 in the antenna structure
shown in FIG. 13;

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

FIG. 18 shows an S11 simulation result of an antenna
element 113 in the antenna structure shown in FIG.
17;

FIG. 19 shows a simulation result of isolation be-
tween antenna elements in the antenna structure
shown in FIG. 17;

FIG. 20 is a diagram of current distribution corre-
sponding to a case in which an electrical signal is fed
into an antenna element 113 in the antenna structure
shown in FIG. 17;

FIG. 21 is a diagram of an antenna structure accord-
ing to an embodiment of this application;

FIG.22is adiagram ofan S parameter of the antenna
structure shown in FIG. 21;

FIG. 23 is a diagram of current distribution corre-
sponding to a case in which an electrical signal is fed
into a first antenna element in an antenna structure;
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FIG. 24 is a diagram of current distribution corre-
sponding to a case in which an electrical signal is fed
into a second antenna element in an antenna struc-
ture;

FIG. 25 is a diagram of an electronic device 200
according to an embodiment of this application;

FIG. 26 is a top view of an electronic device 200
according to an embodiment of this application;

FIG. 27 is a partial diagram of an electronic device
200 according to an embodiment of this application;

FIG. 28 is a diagram of an electronic device 300
according to an embodiment of this application;

FIG. 29 shows an S parameter of an antenna ele-
ment shown in FIG. 28;

FIG. 30 shows radiation efficiency and total effi-
ciency of an antenna element shown in FIG. 28;

FIG. 31 is a diagram of electric field distribution of an
antenna element shown in FIG. 28;

FIG. 32 is a pattern of an antenna element shown in
FIG. 28;

FIG. 33 is adiagram of another electronic device 300
according to an embodiment of this application;

FIG. 34 shows an S11 simulation result of an antenna
element shown in FIG. 33;

FIG. 35 shows isolation between antenna elements
shown in FIG. 33;

FIG. 36 shows radiation efficiency and total effi-
ciency of an antenna element shown in FIG. 33;

FIG.37(a)to FIG. 37(e) are a diagram of electric field
distribution of an antenna element shown in FIG. 33;

FIG. 38(a) to FIG. 38(e) are a pattern of an antenna
element shown in FIG. 33;

FIG. 39 is a diagram of an antenna structure accord-
ing to an embodiment of this application;

FIG. 40 is a diagram of a structure of an electronic
device 500 according to an embodiment of this ap-

plication;

FIG. 41 shows an S parameter of an antenna ele-
ment shown in FIG. 40;

FIG. 42 shows radiation efficiency and total effi-
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[0054]
in embodiments of this application.

ciency of an antenna element shown in FIG. 40;

FIG. 43(a) to FIG. 43(f) are a diagram of electric field
distribution of an antenna element shown in FIG. 40;

FIG. 44(a) to FIG. 44(f) are a pattern of an antenna
element shown in FIG. 40;

FIG. 45 is a diagram of a structure of an electronic
device 600 according to an embodiment of this ap-
plication;

FIG. 46 shows an S parameter of an antenna ele-
ment shown in FIG. 45;

FIG. 47 is a diagram of a structure of an electronic
device 600 according to an embodiment of this ap-
plication;

FIG. 48 shows an S parameter of an antenna ele-
ment shown in FIG. 47;

FIG. 49 is a diagram of a structure of an electronic
device 600 according to an embodiment of this ap-
plication;

FIG. 50 shows an S parameter of an antenna ele-
ment shown in FIG. 49;

FIG. 51 is a diagram of a structure of an electronic
device 600 according to an embodiment of this ap-
plication;

FIG. 52 shows an S parameter of an antenna ele-
ment shown in FIG. 51;

FIG. 53 is a diagram of a structure of an electronic
device 600 according to an embodiment of this ap-
plication;

FIG. 54 shows an S parameter of an antenna ele-
ment shown in FIG. 53;

FIG. 55 is a diagram of a structure of an electronic
device 600 according to an embodiment of this ap-
plication;

FIG. 56 shows an S parameter of an antenna ele-
ment shown in FIG. 55; and

FIG. 57 is a diagram of a structure of an electronic
device 600 according to an embodiment of this ap-
plication.

DESCRIPTION OF EMBODIMENTS

The following describes terms that may appear
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[0055] Coupling: The coupling may be understood as
direct coupling and/or indirect coupling, and a "coupling
connection" may be understood as a direct coupling
connection and/or an indirect coupling connection. The
direct coupling may also be referred to as an "electrical
connection", which may be understood as components
are in physical contact and are electrically conductive, or
may be understood as a form in which different compo-
nents in a line structure are connected through physical
lines that can transmit an electrical signal, such as a
printed circuit board (printed circuit board, PCB) copper
foil or a conducting wire. The "indirect coupling" may be
understood as that two conductors are electrically con-
ducted in a spaced/non-contact manner. In an embodi-
ment, 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 slot between two conductive members.
[0056] Connection/Being connected to: The connec-
tion/being connected to may mean a mechanical con-
nection relationship or a physical connection relation-
ship, that is, a connection between A and B or that A is
connected to B may mean that there is a fastening
component (like a screw, a bolt, or a rivet) between A
and B, or Aand B are in contact with each otherand Aand
B are difficult to be separated.

[0057] 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 type capacitor) is an equivalent capacitor
formed by a slot between two conductive members.
[0058] Inductor: The inductor may be understood as a
lumped inductor and/or a distributed inductor. The
lumped inductor is an inductive component, for example,
an inductor element. The distributed inductor (or distrib-
uted type inductor) is an equivalent inductor formed by a
conductor due to curling or rotation, or by a section of
wiring in any form.

[0059] Resonance/Resonance frequency: The reso-
nance frequency is also referred to as a resonant fre-
quency. The resonance frequency may be a frequency at
which an imaginary part of an input impedance of an
antenna is zero. The resonance frequency may have a
frequency range, namely, a frequency range in which a
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.
[0060] Resonance frequency band/Communication
frequency band/Operating frequency band: Regardless
of a type of antenna, the antenna operates in a specific
frequency range (a frequency band width). For example,
an operating frequency band of an antenna supporting a
B40 frequency band includes a frequency in a range of
2300 MHz to 2400 MHz. In other words, an operating
frequency band of the antenna includes a B40 frequency
band. A frequency range that meets a requirement of an
indicator may be considered as an operating frequency
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band of the antenna. Electrical length: The electrical
length may be a ratio of a physical length (namely, a
mechanical length or a geometriclength) to a wavelength
of a transmitted electromagnetic wave, and the electrical
length may satisfy the following formula:

I-%,
A

where

L is the physical length, and 4 is the wavelength of the
electromagnetic wave. Wavelength: The wavelength or
an operating wavelength may be a wavelength corre-
sponding to a center frequency of a resonance frequency
or a center frequency of an operating frequency band
supported by an antenna. Forexample, itis 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, 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 non-center frequency of the reso-
nance frequency or the operating frequency band.
[0061] End:Afirstend (asecondend)ofaradiatorofan
antenna, and a ground end or an open end cannot be
understood as a point in a narrow sense, and may alter-
natively be considered as a section of the radiator that
includes a first endpoint on the radiator of the antenna. In
an embodiment, the first endpoint is an endpoint of the
radiator of the antenna at afirst slot. For example, the first
end of the radiator of the antenna may be considered as a
radiator section in a first wavelength range that is one-
sixteenth of a distance from the first endpoint. The first
wavelength may be a wavelength corresponding to an
operating frequency band of the antenna structure, or
may be a wavelength corresponding to a center fre-
quency of an operating frequency band, or a wavelength
corresponding to a resonance point.

[0062] Open end and closed end: In some embodi-
ments, the open end and the closed end are defined
based on ground, for example, the closed end is
grounded, and the open end is not grounded. Alterna-
tively, for example, the open end and the closed end are
defined based on another conductor, for example, the
closed end is electrically connected to the another con-
ductor, and the open end is not electrically connected to
the another conductor. In an embodiment, the open end
may also be referred to as an opening end or an open-
circuit end. In an embodiment, the closed end may also
be referred to as a ground end or a short-circuit end.
[0063] Alimitationona position and a distance, such as
middle or a middle position, mentioned in embodiments
of this application represents a specific range. For ex-
ample, a middle (position) of a conductor may be a
section of a conductor part including a midpoint on the
conductor, for example, the middle (position) of the con-



15 EP 4 531 205 A1 16

ductor may be a section of the conductor part whose
distance from the midpoint on the conductorislessthana
predetermined threshold (for example, 1 mm, 2 mm, or
2.5 mm).

[0064] Such limitations as collinearity, coplanarity (for
example, axisymmetricity or centrosymmetricity), paral-
lelism, verticality, and sameness (for example, a same
length and a same width) mentioned in embodiments of
this application are all for a current process level, and are
not absolutely-strict definitions in mathematics. A devia-
tion less than a predetermined threshold (for example, 1
mm, 0.5 m, or 0.1 mm) may exist between edges of two
collinear radiation stubs or two collinear antenna ele-
ments in a width direction. A deviation less than a pre-
determined threshold may exist between edges of the
two coplanar radiation stubs or two coplanar antenna
elements in a direction perpendicular to a plane on which
two coplanar radiation stubs or two coplanar antenna
elements are located. A deviation of a predetermined
angle may exist between two antenna elements that are
parallel or perpendicular to each other. In an embodi-
ment, the predetermined threshold may be less than or
equal to a threshold of 1 mm. For example, the prede-
termined threshold may be 0.5 mm, or may be 0.1 mm. In
an embodiment, the predetermined angle may be an
angle within a range of +10°, for example, a deviation
of the predetermined angle is +=5°.

[0065] Total efficiency (total efficiency) of an antenna:
The total efficiency of the antenna is a ratio of input power
to output power at an antenna port.

[0066] Radiation efficiency (radiation efficiency) of an
antenna: The radiation efficiency of the antenna is a ratio
of power radiated by the 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 radiation efficiency is a value for measuring a radia-
tion capability of an antenna. Both a metal loss and a
dielectric loss are factors that affect the radiation effi-
ciency.

[0067] 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.

[0068] Antenna pattern: The antenna pattern is also
referred to as a radiation pattern. The antenna pattern
refers to a pattern in which relative field strength (a
normalized modulus value) of an antenna radiation field
changes with a direction at a specific distance from an
antenna. The antenna pattern is usually represented by
two plane patterns that are perpendicular to each otherin
a maximum radiation direction of the antenna.

[0069] The antenna pattern usually includes a plurality
of radiation beams. A radiation beam with highest radia-
tion strength is referred to as a main lobe, and another
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radiation beam is referred to as a minor lobe or side lobe.
In minor lobes, a minor lobe in a reverse direction of the
main lobe is also referred to as a back lobe.

[0070] 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 by the antenna to
space and higher radiation efficiency of the antenna. A
larger reflected signal indicates a smaller signal radiated
by the antenna to space and lower radiation efficiency of
the antenna.

[0071] The antennareturnloss may be represented by
an S11 parameter, and S11 is one of S parameters. S11
indicates a reflection coefficient, and the parameter in-
dicates transmit efficiency of the antenna. The S11 para-
meter is usually a negative number. A smaller S11 para-
meter indicates a smaller return loss of the antenna, less
energy reflected back by the antenna, namely, more
energy that actually enters the antenna, and higher total
efficiency of the antenna. A larger S11 parameter indi-
cates a larger return loss of the antenna and lower total
efficiency of the antenna.

[0072] Itshould be notedthat,-6 dBisusuallyusedasa
standard value of S11 in engineering. When the value of
S11 of the antenna is less than -6 dB, it may be consid-
ered that the antenna can operate normally, or it may be
considered that transmit efficiency of the antenna is
good.

[0073] Ground or ground plane: The ground or ground
plane may generally mean at least a part of any ground-
ing plane, grounding plate, ground metal layer, or the like
in an electronic device (like a mobile phone), or atleast a
part of any combination of the foregoing grounding plane,
grounding plate, ground component, or the like. The
"ground" may be used to ground components in the
electronic device. In an embodiment, the "ground" may
be a grounding plane of a circuit board of the electronic
device, or may be a grounding plate formed by a middle
frame of the electronic device or a ground 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, polymer, or the like.

[0074] Any of the foregoing grounding plane, or
grounding plate, or ground metal layer is made of a
conductive material. In an embodiment, the conductive
material may be any one of the following materials:
copper, aluminum, stainless steel, brass and alloys
thereof, copper foil on an insulation laminate, aluminum
foil on an insulation laminate, gold foil on an insulation
laminate, silver-plated copper, silver-plated copper foil
on an insulation laminate, silver foil on an insulation
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laminate and tin-plated copper, cloth impregnated with
graphite powder, a graphite-coated laminate, a copper-
plated laminate, a brass-plated laminate and an alumi-
num-plated laminate. A person skilled in the art may
understand that the grounding plane/grounding plate/-
ground metal layer may alternatively be made of another
conductive material.

[0075] It should be understood that, as mentioned in
this specification, that a first resonance and a second
resonance have a same resonance frequency band (also
referred to as an intra-frequency resonance frequency
band) may be understood as any one of the following
cases.

[0076] The resonance frequency band of the first re-
sonance and the resonance frequency band of the sec-
ond resonance include a same communication fre-
quency band. In an embodiment, the first resonance
and the second resonance may be applied to a MIMO
antenna system. For example, if the resonance fre-
quency band of the first resonance and the resonance
frequency band of the second resonance each include a
sub-6G frequency band in 5G, it may be considered that
the resonance frequency band of the first resonance and
the resonance frequency band of the second resonance
are intra-frequency resonance frequency bands.

[0077] The resonance frequency band of the first re-
sonance and the resonance frequency band of the sec-
ondresonance atleast partially overlap. For example, the
resonance frequency band of the first resonance in-
cludes a B35 frequency band (1.85 GHz to 1.91 GHz)
in LTE, the resonance frequency band of the second
resonance includes a B39 frequency band (1.88 GHz
to 1.92 GHz) in LTE, and a frequency of the resonance
frequency band of the first resonance and a frequency of
the resonance frequency band of the second resonance
partially overlap. In this case, it may be considered that
the resonance frequency band of the first resonance and
the resonance frequency band of the second resonance
are intra-frequency resonance frequency bands.

[0078] AsshowninFIG. 1, an electronic device 10 may
include a cover (cover) 13, adisplay/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 embodi-
ments, the cover 13 may be a cover glass (cover glass),
or may be replaced with a cover of another material, for
example, an ultra-thin glass material cover or a PET
(Polyethylene terephthalate, polyethylene terephthalate)
material cover.

[0079] The cover 13 may be tightly attached to the
display module 15, and may be mainly configured to
protect the display module 15 for dust resistance.
[0080] 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
(organiclight-emitting diode, OLED) display panel, or the
like. This is notlimited in embodiments of this application.
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[0081] The middle frame 19 is mainly used to support
the entire electronic device. FIG. 1 shows thatthe PCB 17
is disposed between the middle frame 19 and the rear
cover21. Itshould 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 hybrid dielectric board of
Rogers and FR-4, 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 circuitboard 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, forexample,
a bracketed antenna or aframe 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 board in the PCB 17. In an embodiment, the
metal layer used for grounding may be disposed on a side
thatis of the printed circuitboard PCB 17 and 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 element. The electronic device
10 may further have another ground plane/grounding
plate/grounding plane. As described above, details are
not described herein again.

[0082] 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, ormay 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 mainboard and a sub-board. The battery
may be disposed between the mainboard and the sub-
board. The mainboard may be disposed between the
middle frame 19 and an upper edge of the battery, and
the sub-board may be disposed between the middle
frame 19 and a lower edge of the battery.

[0083] The electronic device 10 may further include a
side frame 11, and the side frame 11 may be made of a
conductive material like metal. The side frame 11 may be
disposed between the display module 15 and the rear
cover 21, and extends around a periphery of the electro-
nic device 10. The side frame 11 may have four sides
surrounding the display module 15, to help fasten the
display module 15. In an implementation, the side frame
11 made of a metal material may directly serve as a metal
side frame of the electronic device 10 to form an appear-
ance of the metal side frame, and is applicable to a metal
industrial design (industrial design, ID). In another im-
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plementation, an outer surface of the side frame 11 may
alternatively be made of a non-metal material, for exam-
ple, is a plastic side frame, to form an appearance of a
non-metal side frame, and is applicable to a non-metal ID.
[0084] The middle frame 19 may include the side frame
11, and the middle frame 19 including the side frame 11
serves as an integrated part, and may support an elec-
tronic component in the entire electronic device. The
cover 13 and the rear cover 21 respectively fit upper
edges and lower edges of the side frame, to enclose a
casing or a housing (housing) of the electronic device. In
an embodiment, the cover 13, the rear cover 21, the side
frame 11, and/or the middle frame 19 may be collectively
referred to as a casing or a housing of the electronic
device 10. It should be understood that, the "casing or
housing" may be used to refer to a part or all of any one of
the cover 13, the rear cover 21, the side frame 11, or the
middle frame 19, orrefer to a part or all of any combination
ofthe cover 13, the rear cover 21, the side frame 11, or the
middle frame 19.

[0085] Atleasta partof the side frame 11 on the middle
frame 19 may serve as a radiator of an antenna to
receive/transmit a radio frequency signal. A slot may
exist between the part of the side frame that serves as
the radiator and another part of the middle frame 19, to
ensure that the radiator of the antenna has a good
radiation environment. In an embodiment, an aperture
of the middle frame 19 may be disposed at the part of the
side frame that serves as the radiator, to facilitate radia-
tion of the antenna.

[0086] Alternatively, the side frame 11 may not be
considered as a part of the middle frame 19. In an
embodiment, the side frame 11 may be connected to
the middle frame 19 and integrally formed. In another
embodiment, the side frame 11 may include a protruding
part extending inward, to be connected to the middle
frame 19, for example, connected by using a spring plate
orascrew, or connected through welding. The protruding
part of the side frame 11 may be further configured to
receive a feeding signal, so that at least a part of the side
frame 11 serves as a radiator of an antenna to receive/-
transmit a radio frequency signal. A slot 42 may exist
between the middle frame 30 and the part of the side
frame that serves as the radiator, to ensure that the
radiator of the antenna has a good radiation environment,
and the antenna has a good signal transmission function.
[0087] Therearcover21maybe arearcovermadeofa
metal material, or may be a rear cover made of a non-
conductive material, for example, may be a non-metal
rear cover like a glass rear cover and a plastic rear cover,
ormay be arear 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 serves as an integrated
part with the side frame 11, to support an electronic
component in the entire electronic device.

[0088] Inanembodiment, the middle frame 19 and/ora
conductive part of the rear cover 21 may serve as a

10

15

20

25

30

35

40

45

50

55

11

reference ground of the electronic device 10. The side
frame 11, the PCB 17, and the like of the electronic device
may be grounded by being electrically connected to the
middle frame.

[0089] The antenna of the electronic device 10 may be
disposed in the side frame 11. When the side frame 11 of
the electronic device 10 is made of a non-conductive
material, the radiator of the antenna may be located in the
electronic device 10 and disposed along the side frame
11. For example, the radiator of the antenna is disposed
close to the side frame 11, to reduce a volume occupied
by the radiator of the antenna as much as possible, and is
closer to the outside of the electronic device 10, to
achieve better signal transmission effect. It should be
noted that, that the radiator of the antenna is disposed
close to the side frame 11 means that the radiator of the
antenna may be tightly attached to the side frame 11, or
may be disposed close to the side frame 11. For example,
there may be a specific small slot between the radiator of
the antenna and the side frame 11.

[0090] The antenna of the electronic device 10 may
alternatively be disposed in the casing, 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 using a slit’hole in any
one of the middle frame, and/or the side frame, and/or the
rear cover, and/or the display, or by using a non-conduc-
tive slot/aperture formed between any several of the
middle frame, the side frame, the rear cover, and the
display. The clearance of the antenna may be provided,
to ensure radiation performance of the antenna. It should
be understood that, the clearance of the antenna may be
a non-conductive area formed by any conductive com-
ponent in the electronic device 10, and the antenna
radiates a signal to external space through the non-con-
ductive area. In an embodiment, a form of the antenna 40
may be an antenna form based on a flexible mainboard
(flexible printed circuit, FPC), an antenna form based on
laser-direct-structuring (laser-direct-structuring, LDS), or
an antenna form like a microstrip disk antenna (microstrip
disk antenna, MDA). In an embodiment, the antenna may
alternatively use a transparent structure embedded intoa
display of the electronic device 10, so that the antenna is
a transparent antenna element embedded into the dis-
play of the electronic device 10.

[0091] FIG. 1 shows only an example of some parts
included in the electronic device 10. Actual shapes,
actual sizes, and actual structures of the parts are not
limited to those in FIG. 1.

[0092] It should be understood that, in embodiments of
this application, it may be considered that a surface on
which the display of the electronic device is located is a
front surface, a surface on which the rear cover is located
is arear surface, and a surface on which the side frame is
located is a side surface.

[0093] Itshould be understood that, in embodiments of
this application, it is considered that when a user holds
(the user usually holds the electronic device vertically
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and faces the display), an orientation in which the elec-
tronic device is located has a top part, a bottom part, a left
part, and a right part. Embodiments of this application
provide an electronic device. The electronic device may
include a plurality of antenna elements. The plurality of
antenna elements are arranged in different manners for
high isolation in a case of a small spacing, to meet a
requirement of a MIMO system.

[0094] FIG. 2 and FIG. 3 describe two antenna modes
in this application. Inembodiments in FIG. 2and FIG. 3, a
dipole antenna is used as an example. It should be
understood that a specific antenna form and/or antenna
shape are/is not used to limit descriptions of the antenna
mode in this application. FIG. 2 is a diagram of current
distribution corresponding to a half wavelength mode
(half wavelength mode, HWM, also referred to as a
one half wavelength mode or a one half mode) of the
dipole antenna according to an embodiment. FIG. 3 is a
diagram of current distribution corresponding to a one
wavelength mode (one wavelength mode, OWM) of the
dipole antenna according to an embodiment. In another
embodiment of this application, the half wavelength
mode and the one wavelength mode are applicable to
another antenna form, and is not only applicable to a wire
antenna (wire antenna), but also applicable to a patch
antenna (patch antenna). The specific antenna form may
be, for example, a planar inverted-L antenna (planar
inverted-L antenna, PILA), a planar inverted-F antenna
(planarinverted-F antenna, PIFA), aninverted-F antenna
(inverted-F antenna, IFA), an inverted-L antenna (in-
verted-L antenna, ILA), or a monopole (monopole) an-
tenna. In addition, in another embodiment of this applica-
tion, a radiator of the antenna may be in any shape/form
(for example, a straight form, a bent form, a linear form, a
sheet-like form, a split form, or an integrated form), and
an operating mode of the antenna is not affected.

1. Half wavelength mode

[0095] AsshowninFIG.2,adipoleantenna101isinan
HWM. In this mode, currents are the same in direction on
aradiator of the antenna, and have a current strong point.
For example, an amplitude of the current is largest at the
center of the radiator of the antenna, and is smallest at
two ends of the radiator of the antenna.

2. One wavelength mode

[0096] AsshowninFIG. 3, the dipole antenna 101isin
an OWM. In this mode, currents are reverse in direction
on two sides (for example, two sides of a middle position
of the radiator) of the radiator of the antenna, and have
two current strong points, and three current zero points.
Forexample, an amplitude of the currentis smallestatthe
two ends and the center of the radiator, and is largest at
the middle positions between the two ends and a center
point of the radiator.

[0097] Thatthe currents are the same/reverse in direc-
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tion mentioned in embodiments of this application should
be understood as that directions of main currents on the
radiator are the same/reverse. For example, the currents
are integrally the same/reverse in direction. When a co-
directionally distributed current (for example, a current
path is also annular) is excited on an annular radiator, it
should be understood that, although main currents ex-
cited on conductors on two sides in the annular conductor
(for example, for conductors around a slot, on conductors
on two sides of the slot) are reverse in direction, the main
currents still satisfy a definition of the co-directionally
distributed currents in this application.

[0098] It can be learned from an electromagnetic in-
duction theorem that the current strong point mentioned
in embodiments of this application may correspond to an
electric field zero point, and the current zero point may
correspond to an electric field strong point. A strong point
and a zero point are relative concepts, are conventionally
understood by a person skilled in the art, are not the
largestand smallestin a strict sense, and are not merely a
point, but an area. For example, an area in which an
amplitude is far greater than an average value may be a
strong point, and an area in which an amplitude is far less
than the average value may be a zero point. A largest/s-
mallest amplitude and the like should be accordingly
understood. A person skilled in the art may understand
that a ground end generally corresponds to a current
strong point (or an electric field zero point), an open end
generally corresponds to an electric field strong point (or
a current zero point), a current reverse area generally
corresponds to a current zero point (or an electric field
strong point), and an electric field reverse area generally
corresponds to an electric field zero point (or a current
strong point).

[0099] It should be understood that a diagram of cur-
rent distribution shown in each embodiment of this ap-
plication shows only a general current direction of an
antenna structure at a moment when an electrical signal
is fed into a radiator. The schematic current distribution is
a distribution diagram of currents (for example, a current
whose current amplitude exceeds 50%) that are simpli-
fied for ease of understanding. For example, current
distribution on a ground plane is simplified to current
distribution in some areas close to the radiator, and only
a general direction of the current distribution is shown. It
should be noted that a current distribution arrow is merely
used as an example of a current direction, and does not
indicate that a current flow area is limited to a position
shown by the arrow.

[0100] FIG. 4 and FIG. 5 are diagrams of current dis-
tribution on a radiator of a bent antenna according to an
embodiment of this application.

[0101] Two ends of the dipole antenna shown in FIG. 2
and FIG. 3 are bent inward to form shapes shown in FIG.
4 and FIG. 5. The HWM and the OWM still exist. In this
case, currents generated by the dipole antenna 101 inthe
HWM are shown in FIG. 4, and the currents are co-
directionally distributed around a middle slot. Currents
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generated by the dipole antenna 101 in the OWM are
shown in FIG. 5, and the currents are reversely distrib-
uted around the middle slot. Current amplitude features
are the same as or similar to those shown in FIG. 2 and
FIG. 3.

[0102] FIG. 6 and FIG. 7 are diagrams of current dis-
tribution of a bent dipole antenna to which a ground plane
is added according to an embodiment of this application.
In an embodiment, a radiator of the antenna and the
ground plane may be disposed on a same plane (for
example, the radiator is disposed outside a side of the
ground plane).

[0103] Basedonthebentdipole antennashowninFIG.
4 andFIG. 5, aground plane 102 electrically connected to
the dipole antennais added. As shown in FIG. 6 and FIG.
7,the ground plane 102 may be a PCB, a middle frame, or
another metal layer of an electronic device. In this case,
the dipole antenna includes antenna elements 103 and a
part of the ground plane 102, and the HWM and the OWM
still exist. In this case, currents generated by the dipole
antennainthe HWM are shown in FIG. 6, and the currents
are co-directionally distributed around a middle slot 104.
Currents generated by the dipole antenna in the OWM
are shown in FIG. 7, and the currents are reversely
distributed around the middle slot. Current amplitude
features are the same as or similar to those in the fore-
going figures. In this case, the ground plane 102 carries a
part of a mode current of the dipole antenna, that is, the
ground plane 102 carries a mode current between two
antenna elements at ends (connection points with the
ground plane 102) of the two bent antenna elements. In
an embodiment, the radiator of the antenna and the
ground plane may be stacked (for example, the radiator
is disposed on a side surface of the ground plane). FIG. 8
and FIG. 9 are diagrams of current distribution of a bent
dipole antenna to which a ground plane stacked with an
antenna element is added according to an embodiment
of this application.

[0104] Basedonthebentdipole antennashowninFIG.
4 and FIG. 5, a ground plane 107 is added to connect to
the antenna. After the connection, antenna elements 108
are disposed above the ground plane 107, and it may be
considered that two antenna elements are placed on the
ground plane, as shown in FIG. 8 and FIG. 9. The ground
plane 107 may be a PCB, a middle frame, or another
metal layer of an electronic device. In this case, the
antenna element is still in the two modes: the HWM
and the OWM. In this case, currents generated by the
dipole antenna in the HWM are shown in FIG. 8, and the
currents are co-directionally distributed around a middle
slot. Currents generated by the dipole antenna in the
OWM are shown in FIG. 9, and the currents are reversely
distributed around the middle slot. Current amplitude
features are the same as those in the foregoing figures.
In this case, the ground plane 107 carries a part ofamode
current of the antenna, that is, the ground plane 107
carries a mode current between two antenna elements
at ends (connection points with the ground plane 107) of
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the two bent antenna elements.

[0105] FIG. 10 is a diagram of a group of antenna
structures according to an embodiment of this applica-
tion.

[0106] Asshownin (a)and (b)in FIG. 10, the antenna
structure includes two radiators 110 that are juxtaposed
(juxtaposed, or placed side by side) or arranged in par-
allel (arranged in parallel). Being juxtaposed or arranged
in parallel may be understood as that the two radiators
110 are disposed close to each other (for example, a
distance between the radiators is less than 5 mm), and
extension directions (for example, the extension direc-
tions may be specifically directions from ground ends of
the radiators to open ends of the radiators) of the radia-
tors are generally consistent (for example, an included
angle between the extension directions is within a range
of 0°to 10°, or within a range of 170° to 180°). In addition,
a majority of one radiator may be projected on the other
radiator (in other words, in an extension direction per-
pendicular to the radiators, the two radiators 110 gener-
ally overlap). "A majority of one radiator may be projected
on the other radiator" or "the two radiators 110 generally
overlap" may indicate projections or overlapping of the
radiators in the extension directions, and does not ne-
cessarily indicate overall projections or overlapping of the
radiators. For example, both a first radiator and a second
radiator extend in an X direction, where the first radiator
may be sheet-like on an XY plane, and the second
radiator may be sheet-like on an XZ plane (where the
XY plane and the XZ plane are two perpendicular planes).
However, parts that are of the two radiators and that
extend in the X direction may be considered as being
generally overlapped. Alternatively, a projection of the
firstradiator on the second radiator may be considered as
that a majority (for example, more than 80% of a lengthin
the extension direction) of the first radiator is projected on
the second radiator. It should be understood that "A is
projected on B" or "A projection of Aon B"means that Ais
projected on B in an extension direction perpendicular to
B.

[0107] In an embodiment, projections, on a ground
plane, of the two radiators that are juxtaposed, or ar-
ranged in parallel are juxtaposed, or arranged in parallel.
In an embodiment, projections, on a ground plane, of the
two radiators that are juxtaposed, or arranged in parallel
may be disposed in parallel and non-collinearly. Speci-
fically, the two radiators 110 are parallel in a length
direction and at least partially overlap left and right in
the length direction. An end of each radiator 110 is con-
nected to a ground plane 120. For example, a black dotin
the figure is a schematic ground point of the radiator.
[0108] For the radiators that are arranged in parallel
and shownin (a)and (b)in FIG. 10, adifference lies in that
ground ends of the two radiators 110 are close to each
other and are located on a same side, as shown in (a) in
FIG. 10, or ground ends of the two radiators 110 are away
from each other and are located on different sides, as
shown in (b) in FIG. 10.
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[0109] In the embodiment shown in FIG. 10, first, in a
case of not considering feeding, the two radiators 110 that
are parallel and non-collinearly and that overlap left and
rightin parallel directions are disposed. The two radiators
are separately connected to the same ground plane 120.
The two radiators 110 and at least a part of the ground
plane jointly form the antenna structure in FIG. 10. It
should be understood that the antenna structure in the
embodiment shown in FIG. 10 may serve as an antenna
structure (for example, only one radiator is provided with
a feed point) including a single antenna element, or may
serve as an antenna structure (for example, each of the
two radiatorsincludes a feed point) including two antenna
elements (for example, each antenna elementincludes a
feed point). Positions on which the two radiators 110 are
disposed in the embodiment shown in FIG. 10 may shift
relative to each other. For example, one of the two
radiators 110 may translate, or may rotate along an
end part of the radiator 110.

[0110] To analyze a mode in this embodiment of this
application, it is assumed that current distribution of the
antenna structure shown in (a) in FIG. 10 in the HWM is
shown in (a) in FIG. 11, and current distribution in the
OWM is shown in (b) in FIG. 11.

[0111] As shown in (a) in FIG. 11, reverse mode cur-
rents (which may be understood as currents correspond-
ing to an operating mode in which the antenna element
generates a resonance) may be generated on the two
radiators 110, and a mode current may be generated on
the ground plane 120 between the two radiators 110.
Being between the two radiators 110 may be understood
as being between connection points (ground points) of
the radiators 110 and the ground plane. In addition, the
mode current on the radiator excites an induced current
(which may be understood as a current generated by
coupling, on the ground plane, the mode current on the
radiator) on the ground plane 120. It can be learned from
an electromagnetic induction theorem that a mode cur-
rentis reverse to a corresponding induced current. When
two ground ends are located on a same side, the mode
current on the ground plane 120 may be perpendicular
and orthogonal to the mode current on the radiator of the
antenna element, and the induced current on the ground
plane 120 may be parallel to and reverse to the mode
current on the radiator. Therefore, the mode current and
the induced current that are on the ground plane 120 are
also orthogonal to each other. For a mode current be-
tween two ground points on the ground plane 120, be-
cause the mode current and the induced current that are
on the ground plane are orthogonal to each other, the
mode current does not have a component that is in a
same direction as the induced current. In an embodi-
ment, a dashed-line area on the ground plane 120 is a
current strong point area (the area includes a current
strong point) of the mode current, but for the induced
current, the dashed-line area is a current zero point area
(the area includes a current zero point). The induced
current on the ground plane 120 cannot support genera-
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tion of the mode current on the ground plane 120. This
indicates that the mode does not meet a boundary con-
dition. Therefore, there is no HWM in the antenna struc-
ture shown in (a) in FIG. 10.

[0112] It should be understood that, for the boundary
condition, if components in a same direction exist be-
tween the induced current and the mode current that are
generated on the antenna element, the boundary condi-
tion is met.

[0113] Similarly, as shown in (b) in FIG. 11, mode
currents in a same direction may be generated on the
two radiators 110, and a mode current may be generated
on the ground plane 120 between the two radiators 110.
The mode current on the radiator excites an induced
current on the ground plane 120. It can be learned from
an electromagnetic induction theorem that a mode cur-
rentis reverse to a corresponding induced current. When
two ground ends are located on a same side, the mode
current on the ground plane 120 may be perpendicular
and orthogonal to the mode current on the radiator of the
antenna element, and the induced current on the ground
plane 120 may be parallel to and reverse to the mode
current on the radiator. Therefore, the mode current and
the induced current that are on the ground plane 120 are
also orthogonal to each other. For a mode current be-
tween two ground points on the ground plane 120, be-
cause the mode current and the induced current that are
on the ground plane are orthogonal to each other, the
mode current does not have a component that is in a
same direction as the induced current. In an embodi-
ment, a dashed-line area on the ground plane 120 is a
current zero point area of the mode current, but for the
induced current, the dashed-line area is a current strong
point area. The induced current on the ground plane 120
cannot support generation of the mode current on the
ground plane. This indicates that the mode does not meet
a boundary condition. Therefore, there is no OWM in the
antenna structure shown in (a) in FIG. 10.

[0114] Tofurther analyze a mode in this embodiment of
this application, it is assumed that current distribution of
the antenna structure shownin (b) in FIG. 10 in the HWM
is shown in (a) in FIG. 12, and current distribution in the
OWM is shown in (b) in FIG. 12.

[0115] As shown in (a)in FIG. 12, mode currents in a
same direction may be generated on the two radiators
110, and a mode current may be generated on the ground
plane 120 between the two radiators 110. The mode
current on the radiator excites an induced current on
the ground plane 120. It can be learned from an electro-
magnetic induction theorem that a mode current is re-
verse to a corresponding induced current. For a mode
current between two ground points on the ground plane
120, the mode current has a component in a same
direction as the induced current, and the mode current
and the induced current may be superimposed. In an
embodiment, adashed-line area on the ground plane 120
is a current strong point area of the mode current and the
induced current.
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[0116] This indicates that the mode meets a boundary
condition. Therefore, an HWM exists in the antenna
structure shown in (b) in FIG. 10.

[0117] Similarly, as shown in (b) in FIG. 12, mode
currents 122 in reverse directions may be generated
on the two radiators 110, and a mode current may be
generated on the ground plane 120 between the two
radiators 110. The mode current on the radiator excites
an induced current on the ground plane 120. It can be
learned from an electromagnetic induction theorem thata
mode current is reverse to a corresponding induced
current. For a mode current between two ground points
on the ground plane 120, the mode current has a com-
ponent in a same direction as the induced current, and
the mode current and the induced current may be super-
imposed. In an embodiment, a dashed-line area on the
ground plane 120 is a current zero point area of the mode
current and the induced current. This indicates that the
mode meets a boundary condition. Therefore, an OWM
exists in the antenna structure shown in (b) in FIG. 10.
[0118] It should be understood that, in the antenna
structure shown in (b) in FIG. 10 and FIG. 11, because
the HWM and the OWM may not exist in the two radiators
110, a spatial distance/physical distance between the
radiators 110 has large impact on isolation between
the two radiators. The antenna structure may be referred
to as aweakly-coupled antenna structure. In the antenna
structure shownin (a)inFIG. 10and FIG. 12, because the
HWM and the OWM may exist in the two radiators 110, a
spatial distance/physical distance between the radiators
110 has small impact on isolation between the two ra-
diators. The antenna structure may be referred to as a
strongly-coupled antenna structure. The following de-
scribes some features of the weakly-coupled antenna
structure and the strongly-coupled antenna structure.
[0119] FIG. 13 to FIG. 16 show an antenna structure
and a simulation result of the antenna structure according
toan embodiment of this application. FIG. 13 is adiagram
of the antenna structure according to an embodiment of
this application. FIG. 14 shows an S11 simulation result of
an antenna element 111 in the antenna structure shown
in FIG. 13. FIG. 15 shows a simulation result of isolation
between antenna elements in the antenna structure
shown in FIG. 13. FIG. 16 is a diagram of current dis-
tribution corresponding to a case in which an electrical
signal is fed into the antenna element 111 in the antenna
structure shown in FIG. 13.

[0120] AsshowninFIG. 13, the antenna structure may
include the antenna element 111 and an antenna element
112. Ground ends of the antenna element 111 and the
antenna element 112 are ground ends disposed on a
same side. The same side may be understood as that
positions of the ground ends on radiators are on a left side
oronaright side, oron an upper side oron alower side. In
an embodiment, two radiators that are juxtaposed have
ground ends disposed on a same side, and the ground
ends of the two radiators are close to each other. Being
close to each other may be understood as that a distance
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between the ground ends of the antenna element 111 and
the antenna element 112 is greater than a distance
between any ground end and any open end that are of
the antenna element 111 and the antenna element 112.
[0121] In this embodiment of this application, both a
first radiator and a second radiator (or a first parasitic
stub) extend in a first direction, a first end of the first
radiator is a ground end, a second end of the first radiator
is an open end, a first end of the second radiator is an
open end, and a second end of the second radiator is a
ground end. That the first end of the first radiator and the
second end of the second radiator are ground ends
disposed on different sides may be understood as that
the first end of the first radiator is on a first side in the first
direction, the second end of the first radiator is on a
second side in the first direction, the first end of the
second radiator is on the first side in the first direction,
and the second end of the second radiator is on the
second side in the first direction. That the first end of
the first radiator and the second end of the second
radiator are ground ends disposed on a same side
may be understood as that the first end of the first radiator
is on afirst side in the first direction, the second end of the
first radiator is on a second side in the first direction, the
firstend of the second radiator is on the second side in the
first direction, and the second end of the second radiator
is on the first side in the first direction.

[0122] In an embodiment, that the ground ends are
located on a same side may be understood as that the
ground ends are located on a same side of a virtual axis of
aradiator, and distances between the virtual axis, and an
open end and a ground end of the radiator are the same.
[0123] Compared with the antenna structure shown in
(a) in FIG. 10, the antenna structure shown in the embo-
diment in FIG. 13 further shows feeding. In an embodi-
ment, a feed point may be added on a ground end of an
antenna element, to feed an electrical signal at the feed
position through a feed element. In another embodiment,
the feed position may alternatively be adjusted based on
an actual design requirement. For example, the feed
point may be located at a center of the radiator, or located
between a center of the radiator and the ground end. This
is not limited in this application. As shown in FIG. 14,
when the electrical signal is fed into the antenna element
111, a resonance may be generated. As a distance D1
between a center (which may be understood as a geo-
metric center of the radiator) of the antenna element 111
and a center of the antenna element 112 increases (for
example, D1 gradually increases from 5 mm to 20 mm),
the resonance slightly changes.

[0124] As shown in FIG. 15, as the distance D1 be-
tween the center of the antenna element 111 and the
center of the antenna element 112 increases, isolation
between the antenna element 111 and the antenna ele-
ment 112 becomes better.

[0125] Refer to FIG. 16. For ease of understanding, a
relative position of the antenna structure, a feed position,
and a relative position of a grounding position on a
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radiator that are shown in FIG. 16 are the same as or
similar to those of the antenna structure shownin FIG. 13.
As shown in FIG. 16, when the electrical signal is fed into
the antenna element 111, a mode current is mainly con-
centrated on a radiator of the antenna element 111, and a
current on a radiator of the antenna element 112 is an
induced current that is generated through spatial cou-
pling between the radiator of the antenna element 111
and the radiator of the antenna element 112, instead of
being generated through excitation by a mode currenton
a ground plane. When the distance D1 between the
center of the antenna element 111 and the center of
the antenna element 112 becomes small (for example,
D1 gradually decreases from 20 mm to 5 mm), an in-
duced current generated through coupling of the radiator
of the antenna element 112 increases, and isolation
between the antenna element 111 and the antenna ele-
ment 112 becomes poor accordingly. When the distance
D1 between the center of the antenna element 111 and
the center of the antenna element 112 increases, an
induced current generated through coupling of the radia-
tor of the antenna element 112 decreases, and isolation
between the antenna element 111 and the antenna ele-
ment 112 becomes good accordingly.

[0126] Therefore, for the antenna structure shown in
FIG. 13 (the ground ends are located on the same side),
isolation between the antenna elements is mainly deter-
mined by a spatial distance/physical distance between
the two antenna elements. In the antenna structure,
coupling between the two antenna elements is in a ne-
gative correlation relationship with a distance between
the two antenna elements. Therefore, this type of anten-
na structure may be considered as a weakly-coupled
antenna structure.

[0127] FIG. 17 to FIG. 20 show an antenna structure
and a simulation result of the antenna structure according
to an embodiment of this application. FIG. 17 is adiagram
of the antenna structure according to an embodiment of
this application. FIG. 18 shows an S11 simulation result of
an antenna element 113 in the antenna structure shown
in FIG. 17. FIG. 19 shows a simulation result of isolation
between antenna elements in the antenna structure
shown in FIG. 17. FIG. 20 is a diagram of current dis-
tribution corresponding to a case in which an electrical
signal is fed into the antenna element 113 in the antenna
structure shown in FIG. 17.

[0128] AsshowninFIG. 17, the antenna structure may
include the antenna element 113 and an antenna element
114. Ground ends of the antenna element 113 and the
antenna element 114 are ground ends disposed on dif-
ferent sides. The different sides may be understood as
that positions of the ground ends on radiators are re-
spectively on a left side and a right side, or on an upper
side and a lower side. In an embodiment, two radiators
that are juxtaposed have ground ends disposed on dif-
ferent sides, and ground ends of the two radiators are
away from each other. Being away from each other may
be understood as that a distance between the ground
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ends of the antenna element 113 and the antenna ele-
ment 114 is greater than a distance between any ground
end and any open end that are of the antenna element
113 and the antenna element 114. In an embodiment, that
the ground ends are located on different sides may be
understood as that the ground ends are located on dif-
ferent sides of a virtual axis of a radiator, and distances
between the virtual axis, and an open end and a ground
end of the radiator are the same. Compared with the
antenna structure shown in (b) in FIG. 10, the antenna
structure shown in the embodiment in FIG. 17 further
shows feeding. In an embodiment, a feed point may be
added on aground end of an antenna element, to feed an
electrical signal at the feed position through a feed ele-
ment. In another embodiment, the feed position may
alternatively be adjusted based on an actual design
requirement. For example, the feed point may be located
at a center of the radiator, or located between a center of
the radiator and the ground end. This is not limited in this
application.

[0129] As shown in FIG. 18, when the electrical signal
is fed into the antenna element 113, two resonances may
be generated, for example, one is referred to as a low-
frequency resonance, and the other is referred to as a
high-frequency resonance. As a distance D2 between a
center of the antenna element 113 and a center of the
antenna element 114 increases (for example, D2 gradu-
ally increases from 5 mm to 20 mm), the low-frequency
resonance shifts toward a high frequency, the high-fre-
quency resonance shifts toward a low frequency, and a
frequency difference between the two resonances de-
creases.

[0130] As shown in FIG. 19, isolation between the
antenna element 113 and the antenna element 114 does
not change with the distance D2 between the center of
the antenna element 113 and the center of the antenna
element 114.

[0131] Referto FIG. 20. For ease of understanding, a
relative position of the antenna structure, a feed position,
and a relative position of a grounding position on a
radiator that are shown in FIG. 20 are the same as or
similar to those of the antenna structure shownin FIG. 17.
As shown in FIG. 20, when the electrical signal is fed into
the antenna element 113, a first mode and a second
mode may be included. The first mode may be the
HWM shown in (a) in FIG. 12, and the second mode
may be the OWM shown in (b) in FIG. 12.

[0132] As shown in (a) and (b) in FIG. 20, in the first
mode, a mode current flows from the open end (an
ungrounded end) of the antenna element 114 to the
ground end, flows through a ground plane to the ground
end of the antenna element 113, and then flows to the
open end of the antenna element 113. In distribution of
the mode current, a current direction remains un-
changed. When the electrical signal is fed into the anten-
na element 113, the mode current on the antenna ele-
ment 114 is not in a positive or negative correlation
relationship with the distance D2 between the antenna
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elements. Similarly, as shown in (c) and (d) in FIG. 20, in
the second mode, a mode current flows from the open
end (an ungrounded end) of the antenna element 113 to
the ground end, flows through the ground plane to the
ground end of the antenna element 114, and then flows to
the open end of the antenna element 114. In distribution
of the mode current, a reversal occurs on the ground
plane. When the electrical signal is fed into the antenna
element 113, the mode current on the antenna element
114 is notin a positive or negative correlation relationship
with the distance D2 between the antenna elements.
[0133] Therefore, for the antenna structure shown in
FIG. 17 (the ground ends are located on different sides), a
spatial distance/physical distance between the two an-
tenna elements has little impact on isolation. In the an-
tenna structure, coupling between the two antenna ele-
mentsis in a small correlation, notin a positive or negative
correlation relationship with a distance between the two
antenna elements. Therefore, this type of antenna struc-
ture may be considered as a strongly-coupled antenna
structure.

[0134] FIG. 21 to FIG. 24 show an antenna structure
and a simulation result of the antenna structure according
to this application. FIG. 21 is a diagram of the antenna
structure according to this application. FIG. 22 is a dia-
gram of an S parameter of the antenna structure shownin
FIG. 21. FIG. 23 is a diagram of current distribution
corresponding to a case in which an electrical signal is
fed into a first antenna element in the antenna structure.
FIG. 24 is adiagram of current distribution corresponding
to a case in which an electrical signal is fed into a second
antenna element in the antenna structure.

[0135] Compared with that in the antenna structure
shown in FIG. 17, in the antenna structure in an embodi-
ment shown in FIG. 21, a resonant connector (which may
also be referred to as a resonant line/tuning line (tuning
line)) is disposed between two antenna elements, and an
electronic element is disposed in a slot provided in the
resonant connector.

[0136] Anequivalentinductance value of the electronic
element is related to a frequency of a resonance gener-
ated in an HWM of the antenna element. For example,
when the equivalent inductance value of the electronic
element is small, the frequency of the resonance gener-
ated in the HWM of the antenna element is high, and vice
versa. In an embodiment, equivalent inductance values
of the resonant connector may be different by changing
the equivalent inductance value of the electronic ele-
ment, and the frequency of the resonance generated in
the HWM of the antenna element may shift. For example,
when the electronic element is adjusted to reduce an
inductance value of an equivalent inductor of the reso-
nant connector, the frequency of the resonance gener-
ated in the HWM of the antenna element shifts toward a
high frequency, but a frequency of a resonance gener-
ated in an OWM basically does not change. In an embo-
diment, when the frequency of the resonance generated
in the HWM is as high as the frequency of the resonance
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generated in the OWM, the resonances generated in the
two modes are fused, for example, the two resonances
are combined into one (S11 or S22), as shown in FIG. 22.
[0137] Itshould be understood that, when the resonant
connector is not provided with a slot (not electrically
connected to the electronic element), an equivalent in-
ductance value of the resonant connector may be corre-
spondingly set by setting a length, a width, and a thick-
ness of the resonant connector, so that the frequency of
the resonance generated in the HWM of the antenna
element is on a target frequency/frequency band.
[0138] When the electrical signals are simultaneously
fed into the two antenna elements, isolation (S12 or S21)
between the two antenna elements is below -20 dB, as
shown in FIG. 22.

[0139] Refer to FIG. 23. For ease of understanding, a
relative position of the antenna structure, a feed position,
and a relative position of a grounding position on a
radiator that are shown in FIG. 23 are the same as or
similar to those of the antenna structure shownin FIG. 21.
As shown in FIG. 23, when the electrical signal is fed into
the first antenna element, a mode current is mainly con-
centrated on a radiator of the first antenna element. Inan
embodiment, a mode current is generated on both the
radiator of the first antenna element and a ground plane
near the radiator. On a radiator of the second antenna
element, a mode current generated in a first resonance
mode and a mode current generated in a second reso-
nance mode counteract each other. In this case, a current
on the second antenna element is weak. In an embodi-
ment, on a ground plane near the radiator of the second
antenna element, a mode current generated in the first
resonance mode and a mode current generated in the
second resonance mode counteract each other. In this
case, a current on the ground plane is weak.

[0140] Similarly, as shown in FIG. 24, when the elec-
trical signal is fed into the second antenna element, a
mode current is mainly concentrated on a radiator of the
second antenna element. In an embodiment, a mode
current is generated on both the radiator of the second
antenna element and a ground plane near the radiator.
On aradiator of the first antenna element, a mode current
generated in a first resonance mode and a mode current
generated in a second resonance mode counteract each
other. In this case, a current on the first antenna element
is weak. In an embodiment, on the ground plane near the
radiator of the first antenna element, a mode current
generated in the first resonance mode and a mode cur-
rent generated in the second resonance mode counter-
acteach other. In this case, a current on the ground plane
is weak.

[0141] Therefore, there is good isolation between the
first antenna element and the second antenna element.
In addition, it can be learned from the foregoing analysis
that isolation between the first antenna element and the
second antenna element is not closely related to a phy-
sical distance between the two radiators, for example,
there is no positive or negative correlation relationship.
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[0142] FIG.25is adiagram of an electronic device 200
according to an embodiment of this application.

[0143] As shown in FIG. 25, the electronic device 200
may include a first antenna element 210, a second an-
tenna element 220, a ground plane 230, a resonant
connector 240, and a first electronic element 241.
[0144] The first antenna element 210 may include a
first radiator 211 and a first feed element 212. The first
radiator 211 includes a first feed point 213, and the first
feed element 212 is coupled (for example, is in spaced
coupling or an electrical connection) with the first radiator
211 through the first feed point 213.

[0145] Thesecondantennaelement220mayincludea
second radiator 221 and a second feed element222. The
second radiator 221 includes a second feed point 223,
the second feed element 222 is coupled (for example, is
in spaced coupling or an electrical connection) to the
second radiator 221 through the second feed point 223,
and the firstfeed element 212 is different from the second
feed element 222. In an embodiment, that the first feed
element 212 is different from the second feed element
222 may be understood as that an electrical signal gen-
erated by the first feed element 212 and an electrical
signal generated by the second feed element 222 are
different, and are not generated by a same feed by using
a feed network. For example, the first feed element 212
and the second feed element 222 may be different radio
frequency channels of a same power supply chip. It
should be understood that in the technical solutions
provided in embodiments of this application, an electrical
connection (direct coupling) is used as an example for
description. During actual design or production, indirect
coupling may be used for replacement, and same tech-
nical effect may be obtained. This is not limited in this
application. In an embodiment in which the first feed
element 212 is indirectly coupled to the first radiator
211 through the first feed point 213, the first feed point
213 may be understood as an area that is on the first
radiator 211 and that is disposed face to face (face to
face) with a feeding structure. A same or similar under-
standing should be made for "indirect coupling" in embo-
diments of this application.

[0146] It should be understood that, that the first feed
element 212 and the second feed element 222 are dif-
ferent may be understood as that the first feed element
212 and the second feed element 222 are different radio
frequency channels in a radio frequency chip. A fre-
quency of a first electrical signal fed by the first feed
element 212 may be the same as or different from a
frequency of a second electrical signal fed by the second
feed element 222. In an embodiment, the frequency of
the first electrical signal fed by the first feed element 212
is the same as the frequency of the second electrical
signal fed by the second feed element 222. The first
antenna element 210 and the second antenna element
220 may serve as subunits in a MIMO system. Operating
frequency bands of the first antenna element 210 and the
second antenna element 220 each include a first fre-
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quency band, and an electrical signal is received or
transmitted in the first frequency band. Alternatively,
the first antenna element 210 serves as a transmit unit,
and the second antenna element 220 serves as areceive
unit. In an embodiment, the frequency of the first elec-
trical signal fed by the first feed element 212 is different
from the frequency of the second electrical signal fed by
the second feed element 222. The first antenna element
210 and the second antenna element 220 may serve as
two independent antenna elements to transmit or receive
electrical signals of different frequency bands. A firstend
of the resonant connector 240 is electrically connected to
the first radiator 211, and a second end of the resonant
connector 240 is electrically connected to the second
radiator 221.

[0147] In an embodiment, the resonant connector 240
may be disposed between the first radiator 211 and the
second radiator 221. It should be understood that, the
resonant connector 240 may be disposed on a same
plane as the first radiator 211 and the second radiator
221. In an embodiment, the first radiator 211, the second
radiator 221, and the resonant connector 240 are dis-
posed on a same support. Alternatively, the resonant
connector 240 may be disposed on a PCB. In an embodi-
ment, two ends of the resonant connector 240 may be
electrically connected to the first radiator 211 and the
second radiator 221 via a spring plate. It should be
understood that the resonant connector 240 and the
radiator may be made of a same material or different
materials, and may be integrated or separately formed. In
an embodiment, a width/thickness of the resonant con-
nector 240 is smaller than that of the radiator. In an
embodiment, the resonant connector 240 is linear rela-
tive to the radiator, for example, a length of the resonant
connector 240 is greater than five times a width of the
resonant connector 240.

[0148] A first end of the first electronic element 241 is
electrically connected to the resonant connector 240, and
a second end of the first electronic element 241 is
grounded (grounding may be understood as being
coupled to the ground plane 230 at the position, and
may also be correspondingly understood in the following
embodiment). For example, grounding is implemented
by electrically connecting to the ground plane 230, or
coupling to the ground plane 230 isimplemented by using
a ground component.

[0149] A first end 2111 of the first radiator 211 is
grounded, and a second end 2212 of the second radiator
221 is grounded. The first radiator 211 and the second
radiator 221 are juxtaposed, and the first end 2111 of the
first radiator 211 and the second end 2212 of the second
radiator 221 are ground ends disposed on different sides.
[0150] In an embodiment, a projection of the first ra-
diator 211 on a plane on which the ground plane 230 is
located is afirst projection, and a projection of the second
radiator 221 on the plane on which the ground plane 230
is located is a second projection. The first projection and
the second projection extend (for example, in parallel) in
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a first direction (for example, a y direction), and at least
partially overlap in a second direction (for example, an x
direction), where the second direction is perpendicular to
the first direction. In an embodiment, the first radiator 211
and the second radiator 221 are disposed in parallel and
non-collinearly. In an embodiment, the first radiator 211
and the second radiator 221 are disposed on a same
plane.

[0151] It should be understood that a direction of the
first radiator 211 from the ground end to an open end is a
third direction, and a direction of the second radiator 221
from the ground end to the open end is a fourth direction.
That the first projection and the second projection are
parallelin afirst direction (for example, a'y direction) may
be understood as that the third direction is parallel to the
fourth direction. In the following embodiment, that projec-
tions are parallel to each other and projections are per-
pendicular to each other may also be understood as that
directions of corresponding radiators from ground ends
toopen ends are parallel to each other or perpendicular to
each other.

[0152] Inan embodiment, a distance between the first
end 2111 of thefirstradiator 211 and the second end 2212
of the second radiator 221 is greater than a distance
between the first end 2111 of the first radiator 211 and
the first end 2211 of the second radiator 221, and the
ground end of the first radiator 211 and the ground end of
the second radiator 221 are ground ends disposed on
different sides. In an embodiment, the ground end of the
first radiator 211 and the ground end of the second
radiator 221 are away from each other.

[0153] Itshould be understood thataradiator of the first
antenna element 210 and a radiator of the second an-
tenna element 220 are disposed in parallel, a ground end
(afirstend) of the firstantenna element 210 and a ground
end (a second end) of the second antenna element 220
are located on different sides, and the first antenna ele-
ment 210 and the second antenna element 220 are of a
strongly-coupled antenna structure.

[0154] Inan embodiment, a frequency of a resonance
generated in an OWM is related to an equivalent capa-
citance value of the first electronic element 241. In an
embodiment, a frequency of aresonance generated inan
HWM is basically irrelevant to an equivalent capacitance
value of the first electronic element 241.

[0155] It should be understood that, as mentioned in
embodiments of this application, that a frequency is
"related" to an element may be understood as that an
equivalentvalue (forexample, an equivalent capacitance
value or an equivalent inductance value) of the element
affects a resonance frequency, and/or existence or ab-
sence of the element affects the resonance frequency. In
other words, an expected resonance frequency may be
obtained by selecting a proper element, or a resonance
frequency caused by existence or absence of the ele-
ment may cover a completely different frequency range
before and after a change, which is referred to as "corre-
lation".
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[0156] It should be understood that, as mentioned in
embodiments of this application, that a frequency is
"basically irrelevant to" an element may be understood
as that an equivalent value (for example, an equivalent
capacitance value or an equivalent inductance value) of
the element basically does affect a frequency of a reso-
nance generated in the OWM, and/or existence or ab-
sence of the element basically does not affect the fre-
quency of the resonance generated in the OWM. Thatthe
frequency of the resonance is basically not affected may
be understood as that the frequency of the resonance
may cover at least a part of a same frequency range
before and after a change, which is referred to as "basi-
cally irrelevant”.

[0157] The equivalent capacitance value of the first
electronic element 241 is related to the frequency of
the resonance generated in the OWM of the antenna
element. For example, when the equivalent capacitance
value of the electronic element is large, the frequency of
the resonance generated in the OWM of the antenna
element is low, and vice versa. In an embodiment, the
frequency of the resonance generated in the OWM of the
antenna element shifts by changing the equivalent ca-
pacitance value of the first electronic element 241. For
example, when the first electronic element 241 is ad-
justed to increase a capacitance value of an equivalent
capacitor of the first electronic element 241, the fre-
quency of the resonance generated in the OWM of the
antenna element shifts toward a low frequency, but a
frequency of a resonance generated in the HWM basi-
cally does not change. When the frequency of the reso-
nance generated in the HWM is as high as the frequency
of the resonance generated in the OWM, the resonances
generated in the two modes are fused, for example, the
two resonances are combined into one.

[0158] Through the resonant connector 240 disposed
between the firstradiator 211 and the second radiator 221
and thefirst electronic element 241 between the resonant
connector 240 and the ground plane 230, a frequency of a
resonance generated in a first resonance mode (for ex-
ample, the HWM) and a frequency of a resonance gen-
erated in a second resonance mode (for example, the
OWNM) that are of each of the first antenna element 210
and the second antenna element 220 may be separately
adjusted. In this case, a resonance frequency band in the
firstresonance mode and a resonance frequency band in
the second resonance mode are intra-frequency reso-
nance frequency bands, and a mode current in the first
resonance mode and a mode current in the second
resonance mode counteract each other, to improve iso-
lation between the first antenna element 210 and the
second antenna element 220. It should be understood
thatthe first radiator 211 and the second radiator 221 may
be configured to: jointly generate a first resonance and
jointly generate a second resonance.

[0159] When an electrical signal is fed into the first
antenna element 210, current distribution corresponding
to the first resonance mode is approximately shown in (a)
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in FIG. 12, and current distribution corresponding to the
second resonance mode is approximately shownin (b)in
FIG. 12. In the first resonance mode and the second
resonance mode, mode currents on the first radiator
211 and the ground plane at one side of the first antenna
element210 arethe same indirection, and mode currents
on the second radiator 221 and the ground plane at one
side of the second antenna element 220 are reverse in
direction. When the resonance frequency band gener-
ated in the first resonance mode and the resonance
frequency band generated in the second resonance
mode are intra-frequency resonance frequency bands,
the mode currents that are generated in the first reso-
nance mode and the second resonance mode and that
are on the second radiator 221 and the ground plane at
one side of the second antenna element 220 counteract
each other. When the electrical signal is fed into the first
antenna element 210, the mode currents are mainly
concentrated on the ground plane at one side of the first
antenna element 210 and the first radiator 211. Similarly,
when an electrical signal is fed into the second antenna
element 220, the mode currents are mainly concentrated
on the ground plane at one side of the second antenna
element 220 and the second radiator 221.

[0160] Therefore, there is good isolation between the
first antenna element 210 and the second antenna ele-
ment 220. When the operating frequency band of the first
antenna element 210 and the operating frequency band
of the second antenna element 220 are intra-frequency
resonance frequency bands, the first antenna element
210 and the second antenna element 220 may be used in
the MIMO system.

[0161] In an embodiment, the electronic device 200
may further include a second electronic element242. The
resonant connector 240 may include a slot 243, and the
second electronic element 242 may be disposed in the
slot 243. In an embodiment, the second electronic ele-
ment 242 is connected in series on the resonant con-
nector 240 through the slot 243. In an embodiment, two
ends of the second electronic element 242 are electrically
connected to portions that are of the resonant connector
240 and that are on the two sides of the slot respectively.
[0162] In an embodiment, the frequency of the reso-
nance generated in the first resonance mode (for exam-
ple, the HWM) is related to an equivalent inductance
value of the second electronic element 242. In an embo-
diment, the frequency of the resonance generated in the
second resonance mode (for example, the OWM) is
basically irrelevant to the equivalent inductance value
of the second electronic element 242.

[0163] In an embodiment, the first electronic element
241 may be a capacitor or an inductor.

[0164] In an embodiment, the second electronic ele-
ment 242 may be a capacitor or an inductor.

[0165] It should be understood that the resonant con-
nector 240 may be equivalent to an inductor, and an
inductance value of the equivalent inductor of the reso-
nant connector 240 is related to a length, a width, and a

10

15

20

25

30

35

40

45

50

55

20

38

thickness of the resonant connector 240. An equivalent
inductance value of the resonant connector 240 is further
related to the second electronic element 242, or in other
words, the frequency of the resonance corresponding to
the first resonance mode is related to the length, the
width, and the thickness of the resonant connector
240, and the second electronic element 242. For exam-
ple, when the second electronic element 242 is a capa-
citor (the inductance value of the equivalent inductor of
the resonant connector decreases), the frequency of the
resonance corresponding to the first resonance mode is
high; and when the second electronic element 241 is an
inductor (the inductance value of the equivalent inductor
of the resonant connector increases), the frequency of
the resonance corresponding to the firstresonance mode
is low.

[0166] The first electronic element 241 between the
ground plane 230 and the resonant connector 240 is
related to the second resonance mode (for example,
the OWM) of the antenna element. For example, when
the first electronic element 241 is a capacitor, the fre-
quency of the resonance corresponding to the second
resonance mode is low, and when the first electronic
element 241 is an inductor, the frequency of the reso-
nance corresponding to the second resonance mode is
high. In an embodiment, the first end of the resonant
connector 240 is located between the first end of the first
radiator 211 and a midpoint of the first radiator 211, the
midpoint may be a geometric center of the first radiator
211, and distances between the midpoint, and the first
end and the second end of the first radiator 211 are the
same. The following midpoint may also be understood
correspondingly.

[0167] In an embodiment, the second end of the re-
sonant connector 240 is located between the second end
of the second radiator 221 and a midpoint of the second
radiator 221.

[0168] In an embodiment, an electrical length of the
first radiator 211 may be a quarter of a first wavelength,
and the first wavelength may be a wavelength corre-
sponding to a resonance frequency of the first antenna
element 210, for example, may be a wavelength corre-
sponding to a resonance point or a center frequency of a
resonance frequency band.

[0169] In an embodiment, an electrical length of the
second radiator 221 may be a quarter of a second wa-
velength, and the second wavelength may be a wave-
length corresponding to a resonance frequency of the
second antenna element 220.

[0170] Inanembodiment, an electrical length E1 of the
first radiator 211 and an electrical length E2 of the second
radiator 221 satisfy the following: E1X80% < E2<E1 X
120%.

[0171] It should be understood that an electrical length
of a radiator of the first antenna element 210 and an
electrical length of a radiator of the second antenna
element 220 should be approximately the same, so that
the operating frequency band of the firstantenna element
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210 and the operating frequency band of the second
antenna element 220 are the same. The first antenna
element 210 and the second antenna element 220 may
serve as subunits in the MIMO system.

[0172] Itshould be understood that a physical length of
the radiator is associated with an electrical length of the
radiator to a specific extent. In an embodiment, a physical
length L1 of the first radiator 211 and a physical length L2
of the second radiator 221 satisfy the following:
L1%x80%<L2<L1%X120%. In an embodiment, the first ra-
diator 211 and the second radiator 221 are juxtaposed. In
an embodiment, a projection (the first projection) of the
firstradiator 211 on the ground plane and a projection (the
second projection) of the second radiator 221 on the
ground plane may at least partially overlap in the second
direction (for example, the x direction). As shown in FIG.
26, the first radiator 211 and the second radiator 221 are
disposed in parallel and non-collinearly, and only partially
overlap in the second direction. For example, the first
radiator 211 and the second radiator 221 have a specific
misplacement in the first direction (for example, the y
direction). In an embodiment, a length L3 of an over-
lapping part between the projection (the first projection)
of the first radiator 211 on the ground plane and the
projection (the second projection) of the second radiator
221 on the ground plane in the second direction and a
length L4 of the first projection satisfy the following:
L4x80%<L3.

[0173] In this embodiment of this application, because
the radiator is not necessarily in a regular shape, the
length of the projection of the radiator on the ground plane
may be understood as lengths of the ground end and the
open end of the radiator in an extension direction of the
radiator.

[0174] It should be understood that, a larger overlap-
ping part between the first projection and the second
projection in the second direction indicates better radia-
tion performance. When the first projection and the sec-
ond projection completely overlap in the second direc-
tion, the performance is optimal. It should be further
understood that, a larger overlapping part between the
first projection and the second projection in the second
direction indicates smaller space occupied by the first
radiator 211 and the second radiator 221, and a more
compact structure.

[0175] Inan embodiment, the first feed element 212 of
the first antenna element 210 may be electrically con-
nected to the first radiator 211 on a side close to the
ground end of the first radiator 211. The first radiator 211
may be a linear radiator (for example, a length is three
times or more of a width). The first antenna element 210
may be an inverted F antenna (inverted F antenna, IFA),
or the first radiator 211 may be a sheet-like radiator (for
example, alength is less than three times of a width). The
first antenna element 210 may be a planar inverted F
antenna (planner inverted F antenna, PIFA). Alterna-
tively, in an embodiment, the first feed element 212 of
the first antenna element 210 may be electrically con-
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nected to the first radiator 211 on a side close to the open
end of the first radiator 211. In an embodiment, the
second antenna element 220 may also be any one of
the foregoing antenna types.

[0176] In an embodiment, a distance between the first
radiator 211 and the second radiator 221 is less than 5
mm. The first antenna element 210 and the second
antenna element 220 may be compactly arranged inside
an electronic device, thereby saving internal space. It
should be understood that, when the first radiator 211 and
the second radiator 221 are sheet-like radiators (for ex-
ample, a length is less than three times a width), the
distance between the first radiator 211 and the second
radiator 221 may be further reduced with widths (which
may be understood as lengths of the radiators in the
second direction, or lengths in a direction perpendicular
to a direction from the ground ends of the radiators to the
open ends) of the radiators. In an embodiment, the dis-
tance between the first radiator 211 and the second
radiator 221 is less than 2 mm.

[0177] Inan embodiment, the first radiator 211 may be
a part of the side frame 11 of the electronic device. As
shown in FIG. 27, the part of the side frame 11 is a
conductive side frame. In an embodiment, the first ra-
diator 211 may further be a conductor (for example, a
liquid crystal polymer (liquid crystal polymer, LCP)) inside
the side frame 11 of the electronic device, and the part of
the side frame 11 is a non-conductive side frame. For
example, the side frame 11 has a first position and a
second position, the first position is provided with a slot,
the second position is electrically connected to the
ground plane, a side frame between the first position
and the second position is a first side frame, and the first
side frame may serve as the first radiator 211. In an
embodiment, the second radiator 221 may be disposed
inside the side frame 11, and may be disposed on a
surface of a support.

[0178] Inanembodiment, the first radiator 211 and the
second radiator 221 may be disposed on a rear cover of
the electronic device. For example, the first radiator 211
and the second radiator 221 are a part of a conductive
rear cover, or are disposed on a surface of orinside a non-
conductive rear cover.

[0179] Inanembodiment, the first radiator 211 and the
second radiator 221 may be disposed on a supportin the
electronic device, for example, may be separately dis-
posed on different support bodies, or may be disposed on
a same support body and on a same plane.

[0180] It should be understood that layouts of the first
antenna element and the second antenna elementinside
the electronic device are not limited in embodiments of
this application, and may be adjusted based on an actual
production design requirement.

[0181] FIG. 28 is a diagram of a structure of an elec-
tronic device 300 according to an embodiment of this
application.

[0182] As shown in FIG. 28, the electronic device 300
may include a first antenna element 310, a second an-



41 EP 4 531 205 A1

tenna element 320, a third antenna element 330, a
ground plane 340, a first resonant connector 351, a
second resonant connector 352, a first electronic ele-
ment 361, and a second electronic element 362.
[0183] The first antenna element 310 may include a
first radiator 311 and a first feed element 312. The first
radiator 311 includes a first feed point 313, and the first
feed element 312 is electrically connected to the first
radiator 311 at the first feed point 313.

[0184] Thesecondantennaelement320mayincludea
second radiator 321 and a second feed element 322. The
second radiator 321 includes a second feed point 323,
and the second feed element 322 is electrically con-
nected to the second radiator 321 at the second feed
point 323.

[0185] The third antenna element 330 may include a
third radiator 331 and a third feed element 332. The
second radiator 321 is located between the first radiator
311 and the third radiator 331. The third radiator 331
includes a third feed point 333, and the third feed element
332 is electrically connected to the third radiator 331 at
the third feed point 333.

[0186] The first feed element 312, the second feed
element 322, and the third feed element 332 are different
from each other. In an embodiment, that the first feed
element 312, the second feed element 322, and the third
feed element 332 are different from each other may be
understood as that an electrical signal generated by the
first feed element 312, an electrical signal generated by
the second feed element 322, and an electrical signal
generated by the third feed element 332 are different, and
are not generated by a same feed by using a feed net-
work. For example, the first feed element 312, the second
feed element 322, and the third feed element 332 may be
different radio frequency channels of a same power
supply chip.

[0187] It should be understood that, that the second
radiator 321 is located between the first radiator 311 and
the third radiator 331 may be understood as that the
second radiator 321 is located between the first radiator
311 and the third radiator 331 in space, and the second
radiator 321 is not necessarily coplanar with the first
radiator 311 and the third radiator 331, and may be
adjusted based on an actual design.

[0188] A first end of the first resonant connector 351 is
electrically connected to the first radiator 311, and a
second end of the first resonant connector 351 is elec-
trically connected to the second radiator 322. A first end
of the first electronic element 361 is electrically con-
nected to the first resonant connector 351, and a second
end of the first electronic element 361 is grounded.
[0189] A first end of the second resonant connector
352 is electrically connected to the second radiator 322,
and a second end of the second resonant connector 352
is electrically connected to the third radiator 332. A first
end of the second electronic element 362 is electrically
connected to the second resonant connector 352, and a
second end of the second electronic element 362 is
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grounded. Disposing positions and implementation
forms of the first resonant connector 351 and the second
resonant connector 352 are similar to those in the fore-
going embodiments. Details are not described again.
[0190] Afirstend of the firstradiator 311 is grounded, a
second end of the second radiator 321 is grounded, and a
first end of the third radiator 331 is grounded. The first
radiator 311 and the second radiator 321 are juxtaposed,
and the first end of the first radiator 311 and the second
end of the second radiator 321 are ground ends disposed
on different sides. The third radiator 331 and the second
radiator 321 are juxtaposed, and the first end of the third
radiator 331 and the second end of the second radiator
321 are ground ends disposed on different sides.
[0191] Inanembodiment, the first radiator 311 and the
second radiator 321 are juxtaposed.

[0192] In an embodiment, a projection of the first ra-
diator 311 on a plane on which the ground plane 340 is
located is afirst projection, and a projection of the second
radiator 321 on the plane on which the ground plane 340
is located is a second projection. The first projection and
the second projection are parallel in a first direction (for
example, a y direction), and at least partially overlap in a
second direction (for example, an x direction), where the
second direction is perpendicular to the first direction. In
an embodiment, the first radiator 311 and the second
radiator 321 are disposed in parallel and non-collinearly.
In an embodiment, the first radiator 311 and the second
radiator 321 are disposed on a same plane.

[0193] Inanembodiment, the second radiator 321 and
the third radiator 331 are juxtaposed.

[0194] Inanembodiment, athird projection is a projec-
tion of the third radiator 331 on the plane on which the
ground plane 340 is located, and the second projection
and the third projection are parallel in the first direction
(for example, the y direction), and at least partially over-
lap in the second direction (for example, the x direction).
In an embodiment, the second radiator 321 and the third
radiator 331 are disposed in parallel and non-collinearly.
In an embodiment, the second radiator 321 and the third
radiator 331 are disposed on a same plane.

[0195] In an embodiment, the ground end of the first
radiator 311 and the ground end of the second radiator
321 are ground ends disposed on different sides. A
distance between the first end of the first radiator 311
and the second end of the second radiator 321 is greater
than a distance between the first end of the first radiator
311 and the first end of the second radiator 321. In an
embodiment, the ground end of the first radiator 311 and
the ground end of the second radiator 321 are away from
each other.

[0196] In an embodiment, the ground end of the third
radiator 331 and the ground end of the second radiator
321 are ground ends disposed on different sides. A
distance between the first end of the third radiator 331
and the second end of the second radiator 321 is greater
than a distance between the first end of the third radiator
331 and the first end of the second radiator 2321. In an
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embodiment, the ground end of the third radiator 331 and
the ground end of the second radiator 321 are away from
each other. The ground end of the third radiator 331 and
the ground end of the first radiator 311 are close to each
other, and are disposed on a same side.

[0197] It should be understood that, a difference be-
tween an antenna structure including the first antenna
element, the second antenna element, and the third
antenna element shown in FIG. 28 and an antenna
structure including the antenna structure including the
first antenna element and the second antenna element
shown in FIG. 25 lies in that the third antenna element is
added. The technical solutions provided in embodiments
of this application may also be applied to an antenna
structure including three or more antenna elements, and
a quantity of antenna elements is not limited, and may be
setbased on an actual production or design requirement.
[0198] The radiator of the first antenna element 310,
the radiator of the second antenna element 320, and the
radiator of the third antenna element 330 are disposed in
parallel. The ground end (the first end) of the first antenna
element 310 and the ground end (the second end) of the
second antenna element 320 are located on different
sides, and the first antenna element 310 and the second
antenna element 320 form a strongly-coupled antenna
structure. The ground end (the second end) of the second
antenna element 320 and the ground end (the first end) of
the third antenna element 330 are located on different
sides, and the second antenna element 320 and the third
antenna element 330 form a strongly-coupled antenna
structure.

[0199] Through a resonant connector disposed be-
tween radiators of adjacent antenna elements and an
electronic element connected in parallel between the
resonant connector and the ground plane 240, a fre-
quency of a resonance generated in a first resonance
mode (for example, an HWM) of the antenna element and
a frequency of a resonance generated in a second re-
sonance mode (for example, an OWM) of the antenna
element may be separately adjusted. In this case, a
resonance frequency band in the first resonance mode
and a resonance frequency band in the second reso-
nance mode are intra-frequency resonance frequency
bands, and a mode current in the first resonance mode
and a mode current in the second resonance mode
counteract each other, to improve isolation between ad-
jacent antenna elements.

[0200] In addition, for two antenna elements (for ex-
ample, the first antenna element 310 and the third an-
tenna element 330) that are spaced away from each
other, because the ground end (the first end) of the first
antenna element 310 and the ground end (the first end) of
the third antenna element 330 are located on a same
side, a weakly-coupled antenna structure similar to that
shown in (a) in FIG. 10 may be formed between the two
antenna elements. Isolation between antenna elements
is mainly determined by the distance between the anten-
na elements. Antenna elements whose ground ends are
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located on a same side are disposed at intervals, and
antenna elements whose ground ends are located on
different sides are disposed between two antenna ele-
ments whose ground ends are located on the same side.
Therefore, sufficient spacing may be maintained be-
tween the antenna elements whose ground ends are
located on the same side, to achieve good isolation
between the antenna elements.

[0201] Inan embodiment, the first radiator 311 and the
second radiator 321 are linear radiators (for example, a
length is three times or more of a width), and a distance
between the firstradiator 311 and the second radiator 321
is less than 5 mm. In an embodiment, the third radiator
331 is a linear radiator (for example, a length is three
times or more of a width), and a distance between the
second radiator 321 and the third radiator 331 is less than
5 mm. In an embodiment, the first radiator 311 and the
second radiator 321 are sheet-like radiators (for exam-
ple, a length is less than three times of a width), and the
distance between the first radiator 311 and the second
radiator 321 is less than 2 mm. In an embodiment, the
third radiator 331 is a sheet-like radiator (for example, a
length is less than three times of a width), and the dis-
tance between the second radiator 321 and the third
radiator 331 is less than 2 mm. The first antenna element
310, the second antenna element 320 and the third
antenna element 330 may be compactly arranged inside
an electronic device, thereby saving internal space.
[0202] It should be understood that the distance be-
tween the first radiator 311 and the second radiator 321
and/or the distance between the second radiator 321 and
the third radiator 331 may be understood as a smallest
value of straight-line distances between points on adja-
cent radiators.

[0203] In an embodiment, the electronic device 300
may further include a third electronic element 363 and a
fourth electronic element 364. A slot may be formed on
each of the first resonant connector 351 and the second
resonant connector 352. The third electronic element 363
may be disposed in the slot of the first resonant connector
351, and is connected in series between portions that are
ofthe firstresonant connector 351 and that are on the two
sides of the slot. Two ends of the third electronic element
363 are electrically connected to the portions that are of
the first resonant connector 351 and that are on the two
sides of the slot respectively. The fourth electronic ele-
ment 364 may be disposed in the slot of the second
resonant connector 352, and is connected in series be-
tween portions that are of the second resonant connector
352 and that are on the two sides of the slot. Two ends of
the fourth electronic element 364 are electrically con-
nected to the portions that are of the second resonant
connector 352 and that are on the two sides of the slot
respectively.

[0204] It should be understood that, during an actual
application, the third electronic element 363 and the
fourth electronic element 364 may not coexist, and
may be adjusted according to an actual design or pro-
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duction requirement. In an embodiment, the electronic
device 300 may include only the third electronic element,
or the electronic device 300 may include both the third
electronic element 363 and the fourth electronic element
364.

[0205] Similarly, during an actual application, the first
electronic element 361 and the second electronic ele-
ment 362 may not coexist, and may be adjusted accord-
ing to an actual design or production requirement. In an
embodiment, the electronic device 300 may include only
the first electronic element 361, or the electronic device
300 may include both the first electronic element 361 and
the second electronic element 362.

[0206] Impactofthe resonant connector, the electronic
element connected in series to the resonant connector,
and the electronic element connected in parallel on the
resonance mode is the same as or similar to that in the
foregoing embodiment. Details are not described again.
[0207] In an embodiment, the first end of the first
resonant connector 351 is located between the first
end of the first radiator 311 and a midpoint of the first
radiator 311. In an embodiment, the second end of the
first resonant connector 351 is located between the sec-
ond end of the second radiator 321 and a midpoint of the
second radiator 321.

[0208] In an embodiment, the first end of the second
resonant connector 352 is located between the first end
ofthe third radiator 331 and a midpoint of the third radiator
331. In an embodiment, the second end of the second
resonant connector 352 is located between the second
end of the second radiator 321 and a midpoint of the
second radiator 321.

[0209] An electrical length is the same as or similar to
that in the foregoing embodiment. Details are not de-
scribed again.

[0210] In an embodiment, a physical length L1 of the
first radiator 311 and a physical length L2 of the second
radiator 321 satisfy the following:
L1Xx80%<L2<LX120%.

[0211] In an embodiment, a physical length L3 of the
third radiator 331 and a physical length L2 of the second
radiator 321 satisfy the following:
L3x80%<L<L3x120%.

[0212] It should be understood that, electrical length-

s/physical lengths of the radiator of the first antenna
element 310, the radiator of the second antenna element
320, and the radiator of the third antenna element 330
should be approximately the same, so that an operating
frequency band of the first antenna element 310, an
operating frequency band of the second antenna element
320, and an operating frequency band of the third anten-
na element 330 are the same. The first antenna element
310, the second antenna element 320, and the third
antenna element 330 may serve as subunits in a MIMO
system.

[0213] In an embodiment, two adjacent radiators may
be juxtaposed. In an embodiment, two adjacent radiators
may be disposed in parallel and non-collinearly. In an
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embodiment, two adjacent radiators may be disposed on
a same plane. In an embodiment, two adjacent radiators
may be disposed as shown in the embodiment in FIG. 26.
Details are not described again.

[0214] Inan embodiment, the first radiator 311 may be
a linear radiator, and the first antenna element 310 may
be an IFA; or the first radiator 311 may be a sheet-like
radiator, and the first antenna element 310 may be a
PIFA. In an embodiment, the second antenna element
320 orthe third antenna element 330 may also be any one
of the foregoing antenna types.

[0215] An implementation form and a position of the
radiator disposed in the electronic device are the same as
or similar to those in the foregoing embodiments. Details
are not described again.

[0216] FIG.29toFIG. 32 show simulation results of the
antenna element shown in FIG. 28. FIG. 29 shows an S
parameter of the antenna element shown in FIG. 28. FIG.
30 shows radiation efficiency and total efficiency of the
antenna element shown in FIG. 28. FIG. 31 is a diagram
of electric field distribution of the antenna element shown
in FIG. 28. FIG. 32 is a pattern of the antenna element
shown in FIG. 28.

[0217] Through a resonant connector disposed be-
tween radiators of adjacent antenna elements and an
electronic element connected in parallel between the
resonant connector and a ground plane, frequencies of
a resonance generated in a first resonance mode and a
second resonance mode of the antenna element may be
separately adjusted, so that a resonance frequency band
in the first resonance mode and a resonance frequency
band in the second resonance mode are intra-frequency
resonance frequency bands, and the resonance fre-
quency bands generated in the two modes are combined
into one. As shown in FIG. 29, the first antenna element,
the second antenna element, and the third antenna ele-
ment generate a resonance near 4G (by using
S11/S22/S33<-5 dB as a boundary). In addition, isolation
between the first antenna element and the third antenna
element (spaced antenna elements) is less than -15 dB.
Isolation between the first antenna element and the
second antenna element, and between the second an-
tenna element and the third antenna element (adjacent
antenna elements) is less than -20 dB.

[0218] As shown in FIG. 30, efficiency (total efficiency
and radiation efficiency) of the first antenna element, the
second antenna element, and the third antenna element
can all meet a communication requirement in the reso-
nance frequency band.

[0219] Herein, (a), (b), and (c) in FIG. 31 are respec-
tively diagrams of electric field distribution corresponding
toacase in which the first feed element performs feeding,
a case in which the second feed element performs feed-
ing, and a case in which the third feed element performs
feeding. As shown in FIG. 31, when feeding is performed
on the antenna elements, mode currents on radiators of
adjacent antenna elements counteract each other.
Therefore, electric fields are concentrated on a radiator
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of an antenna element into which an electrical signal is
fed and a corresponding ground plane area, and good
isolation can be formed between the antenna element
into which the electrical signal is fed and an adjacent
antenna element.

[0220] Herein, (a), (b), and (c) in FIG. 32 are respec-
tively patterns generated when the first feed element
performs feeding, the second feed element performs
feeding, and the third feed element performs feeding.
A maximum radiation direction is in a z direction (per-
pendicular to a direction in which the ground plane is
located).

[0221] FIG. 33 is a diagram of a structure of another
electronic device 300 according to an embodiment of this
application.

[0222] As shown in FIG. 33, a difference from the
antenna structure that is shown in FIG. 28 and that
includes the first antenna element 310, the second an-
tenna element 320, and the third antenna element 330
lies in that a fourth antenna element 350 and a fifth
antenna element 360 are added, a resonant connector
is disposed between the third antenna element 330 and
the fourth antenna element 350, and a resonant connec-
tor is disposed between the fourth antenna element 350
and the fifth antenna element 360. The technical solu-
tions provided in embodiments of this application may
also be applied to an antenna structure including three or
more antenna elements, and a quantity of antenna ele-
ments is not limited, and may be adjusted based on an
actual production or design requirement.

[0223] As shown in FIG. 33, a radiator of the first
antenna element 310, a radiator of the second antenna
element 320, a radiator of the third antenna element 330,
a radiator of the fourth antenna element 350, and a
radiator of the fifth antenna element 360 are juxtaposed
on aground plane. A ground end of the radiator of the first
antenna element 310, a ground end of the radiator of the
second antenna element 320, a ground end of the radia-
tor of the third antenna element 330, a ground end of the
radiator of the fourth antenna element 350, and a ground
end of the radiator of the fifth antenna element 360 are
arranged in a staggered manner, and adjacent ground
ends are ground ends disposed on different sides. The
ground end of the radiator of the first antenna element
310, the ground end of the radiator of the third antenna
element 330, and the ground end of the radiator of the fifth
antenna element 360 are arranged on a same side, the
ground end of the radiator of the second antenna element
320, and the ground end of the radiator of the fourth
antenna element 350 are arranged on a same side,
and spaced ground ends (being spaced by one ground
end) are ground ends disposed on a same side.

[0224] FIG. 34 to FIG. 38(e) show simulation results of
the antenna element shown in FIG. 33. FIG. 34 shows an
S11 simulation result of the antenna element shown in
FIG. 33. FIG. 35 shows isolation between the antenna
elements shown in FIG. 33. FIG. 36 shows radiation
efficiency and total efficiency of the antenna element
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shown in FIG. 33. FIG. 37(a) to FIG. 37(e) are a diagram
of electric field distribution of the antenna element shown
in FIG. 33. FIG. 38(a) to FIG. 38(e) are a pattern of the
antenna element shown in FIG. 33.

[0225] As shown in FIG. 34, the first antenna element,
the second antenna element, the third antenna element,
the fourth antenna element, and the fifth antenna element
generate a resonance frequency band (with a boundary
of $11/S22/S33/S44/S55<-5 dB) near 3.95 GHz.
[0226] In addition, as shown in FIG. 35, isolation be-
tween two antenna elements (for example, the first an-
tenna element and the third antenna element (S31/S13))
spaced by one antenna element is less than -15 dB.
Isolation between two antenna elements (for example,
the firstantenna element and the fourth antenna element
(S41/S14)) spaced by two antenna elements is less than
-20 dB. Isolation between two antenna elements (for
example, the first antenna element and the fifth antenna
element (S51/S15)) spaced by three antenna elements is
less than -20 dB. Isolation between two adjacentantenna
elements (for example, the first antenna element and the
second antenna element (S12/S21)) is less than -20 dB.
[0227] As shown in FIG. 36, efficiency (total efficiency
and radiation efficiency) of the first antenna element, the
second antenna element, the third antenna element, the
fourth antenna element, and the fifth antenna element
can all meet a communication requirement in the reso-
nance frequency band.

[0228] FIG. 37(a) to FIG. 37(e) are respectively dia-
grams of electric field distribution corresponding to a
case in which a first feed element performs feeding, a
case in which a second feed element performs feeding, a
case in which a third feed element performs feeding, a
case in which a fourth feed element performs feeding,
and a case in which afifth feed element performs feeding.
As shown in FIG. 37(a) to FIG. 37(e), when feeding is
performed on the antenna element, mode currents on
radiators of adjacent antenna elements counteract each
other. Therefore, electric fields are concentrated on a
radiator of the antenna element into which an electrical
signalis fed and a corresponding ground plane, and good
isolation can be formed between the antenna element
into which the electrical signal is fed and an adjacent
antenna element.

[0229] FIG. 38(a) to FIG. 38(e) are respectively pat-
terns generated when the first feed element performs
feeding, the second feed element performs feeding, the
third feed element performs feeding, the fourth feed
element performs feeding, and the fifth feed element
performs feeding. A maximum radiation direction is in
a z direction (perpendicular to a direction in which the
ground plane is located).

[0230] In the foregoing embodiments, a strongly-
coupled antenna structure formed by antenna elements
in which radiators are parallel and non-collinearly is used
as an example for description. During actual application,
the technical solutions provided in embodiments of this
application may also be applied to a strongly-coupled
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antenna structure formed by antenna elements in which
radiators are collinearly disposed.

[0231] Itshould be understood that, in embodiments of
this application, resonances generated in two modes of
each antenna element are fused. For example, two re-
sonances are fused into one, to form a single resonance.
During actual production or design, resonances gener-
ated in two modes may not be presented as a single
resonance, but a resonance frequency band formed
through fusion of two resonances. For example, there
are two resonance points in the resonance frequency
band. However, resonance frequency bands generated
by a plurality of antenna elements may be very close, or
may be slightly different from each other actually, to meet
an intra-frequency resonance frequency band defined in
embodiments of this application.

[0232] FIG. 39 is a diagram of an antenna structure
according to an embodiment of this application;

As shown in FIG. 39, the antenna structure includes two
radiators that are serialized, or placed/arranged in series
(serialized, or placed/arranged in series).

[0233] In an embodiment, being serialized, or place-
d/arranged in series may be understood as that the two
radiators are disposed at positions close to each other
(for example, a distance between the radiators is less
than 5 mm), end parts of the two radiators are disposed
face to face (face to face), but are notin contact with each
other, and the two radiators are generally disposed along
a same straight line in extension directions of the radia-
tors. "Being generally disposed along a same straight
line" may indicate that extension directions of main body
parts of the two radiators may be approximately set along
asame straightline, and do not necessarily need to be set
along a same straight line. For example, a first radiator
extends in an X direction, and a second radiator extends
in a direction that is within 10° away from the X direction.
Alternatively, the first radiator and the second radiator
may be in a fold line shape, and extension directions of
main body parts (for example, lengths of the main body
parts account for 90% or more of total lengths of the
radiators) of the radiators are approximately disposed
along a same straight line. The foregoing may be con-
sidered as being approximately disposed along a same
straight line.

[0234] In an embodiment, being serialized, or place-
d/arranged in series may alternatively be understood as
that the two radiators extend in a first direction and do not
overlap in a second direction, where the second direction
is perpendicular to the first direction, and the two radia-
tors at least partially overlap in the first direction.
[0235] In an embodiment, projections, on a ground
plane, of the two radiators that are serialized, or place-
d/arranged in series are serialized, or placed/arranged in
series. In an embodiment, projections of two radiators
that are serialized, or placed/arranged in series on a
ground plane may be disposed along a same straight
line. Specifically, the two radiators are collinear in exten-
sion directions of the radiators. An end of each radiator is
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connected to the ground plane. For example, a black dot
in the figure is a schematic ground point of the radiator.
[0236] In an embodiment, the two radiators are linear
radiators, and that projections of the two radiators on the
ground plane are disposed along a same straight line
may be understood as that an included angle between
extension directions of sides of the two radiators in a
length direction is within a range of 0° to 10° or a range of
170° to 180°. In an embodiment, the two radiators are
sheet-like radiators, and that projections of the two ra-
diators on the ground plane are disposed along a same
straightline may be understood as that an included angle
between extension directions of connection lines be-
tween open ends and ground ends of the two radiators
is within a range of 0° to 10° or a range of 170° to 180°.
[0237] It should be understood that two radiators that
are spaced along a same straight line are connected to a
same ground plane, and the two radiators and a part of
the ground plane jointly form a dipole antenna.

[0238] Accordingtoaneigenmode feature ofthe dipole
antenna, as shownin (a)in FIG. 39, the two radiators may
generate mode currents in a same direction, and a mode
current may be generated between the two radiators on
the ground plane between the two radiators. The mode
current on the radiator excites an induced current on the
ground plane. It can be learned from an electromagnetic
induction theorem that a mode current is reverse to a
corresponding induced current. For a mode current be-
tween two ground points on the ground plane, the mode
current has a component in a same direction as the
induced current, and the mode current and the induced
current may be superimposed. In an embodiment, a
dashed-line area on the ground plane is a current strong
point area of the mode current and the induced current.
This indicates that the mode meets a boundary condition,
and may exist. Therefore, the antenna structure shownin
FIG. 39 may excite an HWM. It should be understood
that, for the boundary condition, the induced current and
the mode current that are generated on the antenna
element have components in a same direction, and do
not have components in reverse directions, in other
words, the boundary condition is met.

[0239] Similarly, as shownin (b)in FIG. 39, radiators of
two antenna elements may generate reverse mode cur-
rents, and a mode current may be generated on the
ground plane between the two radiators. The mode cur-
rent on the radiator excites an induced current on the
ground plane 120. It can be learned from an electromag-
netic induction theorem that a mode current is reverse to
a corresponding induced current. For a mode current
between two ground points on the ground plane 120,
the mode current has a componentin a same direction as
the induced current, and the mode current and the in-
duced current may be superimposed. In an embodiment,
a dashed-line area on the ground plane is a current zero
point area of the mode current and the induced current.
This indicates that the mode meets a boundary condition,
and may exist. Therefore, the antenna structure shownin
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FIG. 39 may excite an OWM.

[0240] Therefore, for the antenna structure (the radia-
tors of the antenna elements are arranged in series, and
the ground ends are located on different sides) shown in
FIG. 39, isolation between the antenna elements is
mainly determined by mode currents of the two antenna
elements, and a spatial distance between the two anten-
na elements has smallimpact onisolation. In the antenna
structure, coupling between two antenna elementsisina
small relationship with a distance between the two an-
tenna elements. Therefore, this type of antenna structure
may be considered as a strongly-coupled antenna struc-
ture.

[0241] FIG. 40 is a diagram of a structure of an elec-
tronic device 500 according to an embodiment of this
application.

[0242] As shown in FIG. 40, the electronic device 500
includes a first antenna element 510, a second antenna
element 520, and a third antenna element 530.

[0243] The first antenna element 510 includes a first
radiator 511 and a first parasitic stub 512. The second
antenna element 520 includes a second radiator 521 and
a second parasitic stub 522. The third antenna element
530 includes a third radiator 531 and a third parasitic stub
532. The second radiator 521 is located between the first
radiator 511 and the third radiator 531. The first radiator
511, the second radiator 521, and the third radiator 531
are juxtaposed. A ground end (a first end) of the first
radiator 511 and a ground end (a first end) of the third
radiator 531 are ground ends disposed on a same side,
and a ground end (a second end) of the second radiator
521, the ground end of the first radiator 511, and the
ground end of the third radiator 531 are ground ends
disposed on different sides.

[0244] Itshould be understood thatthe firstradiator 511
and the first parasitic stub 512 are juxtaposed, and the
ground end of the first radiator 511 and a ground end of
the first parasitic stub 512 are ground ends disposed on
different sides, to form a strongly-coupled antenna struc-
ture. The first parasitic stub 512 generates a resonance
by using an electrical signal fed by the first radiator 511, to
expand an operating frequency band of the first antenna
element 510.

[0245] It should be understood that, a difference be-
tween an antenna structure including the first antenna
element 510, the second antenna element 520, and the
third antenna element 530 shown in FIG. 40 and the
antenna structure including the first antenna element
310, the second antenna element 320, and the third
antenna element 330 shown in FIG. 28 lies in that a
parasitic stub is separately added to the first antenna
element 310, the second antenna element 320, and the
third antenna element 330, to expand an operating fre-
quency band of the antenna element.

[0246] In an embodiment, the first radiator 511 is lo-
cated between the first parasitic stub 512 and the second
radiator 521. A projection of the first parasitic stub 512 on
a plane on which a ground plane 540 is located and a
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projection of the first radiator 511 on the plane on which
the ground plane 540 is located are parallel to each other
in afirst direction (for example, a y direction), and at least
partially overlap in a second direction (for example, an x
direction). A distance between the first end (the ground
end) of the firstradiator 511 and a second end (the ground
end) of the first parasitic stub 512 is greater than a
distance between the first end of the first radiator 511
and a first end of the first parasitic stub 512.

[0247] In addition, the first radiator 511, the first para-
sitic stub 512, and a part of the ground plane may form a
dipole antenna, and two resonances may be respectively
generated in an HWM and an OWM. A relative position
relationship (for example, a distance between the first
radiator 511 and the first parasitic stub 512) between the
first radiator 511 and the first parasitic stub 512 is related
to a frequency of a resonance generated in each of the
HWM and the OWM.

[0248] In an embodiment, the second parasitic stub
522 and the second radiator 521 are serialized, and a
ground end of the second parasitic stub 522 and the
ground end of the second radiator 521 are ground ends
disposed on different sides. In an embodiment, a first end
of the second parasitic stub 522 and the first end of the
second radiator 521 are disposed face to face, butare not
in contact with each other, and a second end of the
second parasitic stub is grounded. A projection of the
second parasitic stub 522 on the plane on which the
ground plane 540 is located and a projection of the
second radiator 521 on the plane on which the ground
plane 540 is located are disposed along a same straight
line.

[0249] Itshould be understood that the second radiator
521 and the second parasitic stub 522 are serialized, and
ground ends are disposed on different sides, to form a
strongly-coupled antenna structure. The second parasi-
tic stub 522 generates a resonance by using an electrical
signal fed by the second radiator 521, to expand an
operating frequency band of the second antenna element
520.

[0250] Inaddition, the second radiator 521, the second
parasitic stub 522, and a part of the ground plane may
form a dipole antenna, and two resonances may be
respectively generated in the HWM and the OWM. An
inductor may be connected in series between the firstend
of the second parasitic stub 522 and the first end of the
second radiator 521, or a capacitor connected in parallel
to the ground plane may be disposed at this position, to
adjust the frequency of the resonance generated in each
of the HWM and the OWM. For example, when an in-
ductance value of the inductor connected in series be-
tween the first end of the second parasitic stub 522 and
the first end of the second radiator 521 decreases, the
frequency of the resonance generated in the HWM shifts
toward a high frequency, and the frequency of the reso-
nance generated in the OWM remains unchanged. When
a capacitance value of the capacitor connected in parallel
to the ground plane increases, the frequency of the
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resonance generated in the OWM shifts toward a low
frequency, and the frequency of the resonance gener-
ated in the HWM remains unchanged.

[0251] In an embodiment, the third radiator 531 is
located between the third parasitic stub 532 and the
second radiator 521. The third parasitic stub 532 and
the third radiator 531 are juxtaposed, and a ground end of
the third parasitic stub 532 and a ground end of the third
radiator 531 are ground ends disposed on different sides.
In an embodiment, a projection of the third parasitic stub
532 onthe plane onwhich the ground plane 540 is located
and a projection of the third radiator 531 on the plane on
which the ground plane 540 is located are parallel to each
other in the first direction (for example, the y direction),
and at least partially overlap in the second direction (for
example, the x direction). A distance between the first
end (the ground end) of the third radiator 531 and a
second end (the ground end) of the third parasitic stub
532is greater than a distance between the first end of the
third radiator 531 and a first end of the third parasitic stub
532.

[0252] It should be understood that the third radiator
531 and the third parasitic stub 532 are juxtaposed, and
ground ends are disposed on different sides, to form a
strongly-coupled antenna structure. The third parasitic
stub 532 generates a resonance by using an electrical
signal fed by the third radiator 531, to expand an operat-
ing frequency band of the third antenna element 530.
[0253] For brevity of description, in this application,
only an example in which the first antenna element
510, the second antenna element 520, and the third
antenna element 530 each include a parasitic stub is
used for description. During actual application, a parasitic
stub may be disposed for at least one of a plurality of
antenna elements based on an internal layout of the
electronic device, and a strongly-coupled structure (for
example, being serialized or juxtaposed) formed be-
tween the parasitic stub and the radiator may be selected
based on an actual design requirement, to expand an
operating frequency band of the antenna element. This is
not limited in embodiments of this application.

[0254] FIG. 41 to FIG. 44(f) show simulation results of
the antenna element shown in FIG. 40. FIG. 41 shows an
S parameter of the antenna element shown in FIG. 40.
FIG. 42 shows radiation efficiency and total efficiency of
the antenna element shown in FIG. 40. FIG. 43(a) to FIG.
43(f) are a diagram of electric field distribution of the
antenna element shown in FIG. 40. FIG. 44(a) to FIG.
44(f) are a pattern of the antenna element shown in FIG.
40.

[0255] AsshowninFIG. 41, because the parasitic stub
is disposed in the antenna element, an additional reso-
nance may be generated. Therefore, the first antenna
element, the second antenna element, and the third
antenna element may generate two resonance fre-
quency bands (with a boundary of S11/S22/S33<-5 dB)
near 3.95 GHz and 4.3 GHz.

[0256] In addition, as shown in FIG. 41, isolation be-
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tween two spaced antenna elements (for example, the
first antenna element and the third antenna element
(S31/813)) is less than -18 dB. Isolation between two
adjacent antenna elements (for example, the first anten-
na element and the second antenna element (S12/S21))
is less than -15 dB.

[0257] As shown in FIG. 42, efficiency (total efficiency
and radiation efficiency) of the first antenna element, the
second antenna element, and the third antenna element
can all meet a communication requirement in the reso-
nance frequency band.

[0258] AsshowninFIG.43(a)andFIG.43(b), whenthe
first feed element performs feeding, FIG. 43(a) and FIG.
43(b) are diagrams of electric field distribution corre-
sponding to resonance points of two resonance fre-
quency bands generated by the first antenna element
in the HWM (electric fields on the radiator and the para-
sitic stub are reverse in direction) and OWM (electric
fields on the radiator and the parasitic stub are the same
in direction). The electric fields are mainly concentrated
on the first radiator, the first parasitic stub, and a corre-
sponding ground plane area, to form good isolation with
an adjacent antenna element.

[0259] AsshowninFIG.43(c)andFIG.43(d), whenthe
second feed element performs feeding, FIG. 43(c) and
FIG. 43(d) are diagrams of electric field distribution cor-
responding to resonance points of two resonance fre-
quency bands generated by the second antenna element
in the HWM (electric fields on the radiator and the para-
sitic stub are reverse in direction) and OWM (electric
fields on the radiator and the parasitic stub are the same
in direction). The electric fields are mainly concentrated
on the second radiator, the second parasitic stub, and a
corresponding ground plane area, to form good isolation
with an adjacent antenna element.

[0260] AsshowninFIG.43(e)andFIG.43(f), whenthe
third feed element performs feeding, FIG. 43(e) and FIG.
43(f) are diagrams of electric field distribution corre-
sponding to resonance points of two resonance fre-
quency bands generated by the third antenna element
in the HWM (electric fields on the radiator and the para-
sitic stub are reverse in direction) and OWM (electric
fields on the radiator and the parasitic stub are the same
in direction). The electric fields are mainly concentrated
on the third radiator, the third parasitic stub, and a corre-
sponding ground plane area, to form good isolation with
an adjacent antenna element.

[0261] FIG. 44(a) to FIG. 44(f) are respectively pat-
terns generated by the first antenna element, the second
antenna element, and the third antenna element in the
HWM (electric fields on the radiator and the parasitic stub
are reverse in direction) and OWM (electric fields on the
radiator and the parasitic stub are the same in direction)
when the first feed element performs feeding, the second
feed element performs feeding, and the third feed ele-
ment performs feeding. A maximum radiation direction is
in a z direction (perpendicular to a direction in which the
ground plane is located).
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[0262] In the foregoing embodiments, an example in
which a strongly-coupled structure is formed between
radiators of adjacent antenna elements is used for de-
scription. In an actual design, a weakly-coupled structure
may alternatively be formed between radiators of adja-
cent antenna elements, and the radiators of the antenna
elements and corresponding parasitic stubs form a
strongly-coupled structure, to expand a bandwidth of
the antenna element.

[0263] FIG. 45 is a diagram of a structure of an elec-
tronic device 600 according to an embodiment of this
application.

[0264] As shown in FIG. 45, the electronic device 600
may include a first antenna element 610, a second an-
tenna element 620, and a ground plane 630.

[0265] The first antenna element 610 includes a first
radiator 611, a first parasitic stub 612, and a first feed
element 613. The first radiator 611 includes a first feed
point 614, and the first feed element 613 is electrically
connected to the first radiator 611 at the first feed point
614.

[0266] It should be understood that in the technical
solutions provided in embodiments of this application,
an electrical connection (direct coupling) is used as an
example for description. During actual design or produc-
tion, indirect coupling may be used for replacement, and
same technical effect may be obtained. This is not limited
in this application.

[0267] Thesecondantennaelement620mayincludea
second radiator 621 and a second feed element 623. The
second radiator 621 includes a second feed point 624,
the second feed element 623 is electrically connected to
the second radiator 621 at the second feed point 624, and
the first feed element 613 is different from the second
feed element 623. In an embodiment, that the first feed
element 613 is different from the second feed element
623 may be understood as that an electrical signal gen-
erated by the first feed element 613 and an electrical
signal generated by the second feed element 623 are
different, and are not generated by a same feed by using
a feed network. For example, the first feed element 613
and the second feed element 623 may be different radio
frequency channels of a same power supply chip.
[0268] A firstend of the first radiator 611 is grounded, a
first end of the second radiator 621 is grounded, and a
second end of the first parasitic stub 612 is grounded. A
ground end of the first radiator 611 and a ground end of
the second radiator 621 are ground ends disposed on a
same side, or a ground end of the first radiator 611 and a
ground end of the first parasitic stub 612 are ground ends
disposed on different sides.

[0269] In an embodiment, the first radiator 611 and the
second radiator 621 are juxtaposed. In an embodiment, a
projection (a first projection) of the first radiator 611 on a
plane on which the ground plane 630 is located, and a
projection (a second projection) of the second radiator
621 onthe plane on which the ground plane 630 is located
are parallel in a first direction (for example, a y direction),
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and at least partially overlap in a second direction (for
example, an x direction), where the second direction is
perpendicular to the first direction. The first radiator 611
and the second radiator 621 are disposed in parallel and
non-collinearly.

[0270] Inanembodiment, the first radiator 611 and the
first parasitic stub 612 are juxtaposed. Inan embodiment,
the first radiator 611 is located between the first parasitic
stub 612 and the second radiator 621. The projection (the
first projection) of the first radiator 611 on the plane on
which the ground plane 630 is located and a projection (a
third projection) of the first parasitic stub 612 on the plane
on which the ground plane 630 is located are parallel to
each other in the first direction, and at least partially
overlap in the second direction.

[0271] In an embodiment, the ground end of the first
radiator 611 and the ground end of the second radiator
621 are ground ends disposed on a same side, and a
distance between the firstend (the ground end) of the first
radiator 611 and the first end (the ground end) of the
second radiator 621 is less than a distance between the
first end (the ground end) of the first radiator 611 and a
second end of the second radiator 621.

[0272] In an embodiment, the ground end of the first
radiator 611 and the ground end of the first parasitic stub
612 are ground ends disposed on different sides, and a
distance between the firstend (the ground end) of the first
radiator 611 and the first end of the first parasitic stub 612
is less than a distance between the first end (the ground
end) of the first radiator 611 and the second end (the
ground end) of the first parasitic stub 612.

[0273] It should be understood that the ground end of
the first radiator 611 and the ground end of the second
radiator 621 are disposed on a same side, to form a
weakly-coupled structure. Therefore, isolation between
the first antenna element 610 and the second antenna
element 620 is mainly determined by the distance be-
tween the first radiator 611 and the second radiator 621.
In addition, the ground end of the first radiator 611 and the
ground end of the first parasitic stub 612 are disposed on
different sides, to form a strongly-coupled structure. The
first parasitic stub 612 generates a resonance by usingan
electrical signal fed by the first radiator 611, to expand an
operating frequency band of the first antenna element
610.

[0274] In an embodiment, the distance between the
first radiator 611 and the second radiator 621 is less than
5 mm. The first antenna element 610 and the second
antenna element 620 may be compactly arranged inside
an electronic device, thereby saving internal space.
[0275] Inan embodiment, the first radiator 611 and the
first parasitic stub 612 are linear radiators, and a distance
between the first radiator 611 and the first parasitic stub
612isless than 5 mm:; or the first radiator 611 and the first
parasitic stub 612 are sheet-like, and a distance between
the firstradiator 611 and the first parasitic stub 612 is less
than 2 mm. In an embodiment, the second radiator 621
and the second parasitic stub 622 are linear radiators,
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and a distance between the second radiator 621 and the
second parasitic stub 622 is less than 5 mm; or the
second radiator 621 and the second parasitic stub 622
are sheet-like radiators, and a distance between the
second radiator 621 and the second parasitic stub 622
is less than 2 mm. The first antenna element 610 and the
second antenna element 620 may be compactly ar-
ranged inside an electronic device, thereby saving inter-
nal space. It should be understood that the distance
between the first radiator 611 and the second radiator
621 may be understood as a smallest value of straight-
line distances between points on the firstradiator 611 and
points on the second radiator 621, and the distance
between the first radiator 611 and the first parasitic stub
612 and the distance between the second radiator 621
and the second parasitic stub 622 may also be under-
stood correspondingly.

[0276] It should be understood that, when the first
radiator 611 and the second radiator 621 are sheet-like
radiators, the distance between the first radiator 611 and
the second radiator 621 may be further reduced with
widths (which may be understood as lengths of the
radiators in the second direction, or lengths in a direction
perpendicular to a direction from the ground ends of the
radiators to the open ends) of the radiators. In an embo-
diment, the distance between the first radiator 611 and
the second radiator 621 is less than 2 mm or less than 1
mm.

[0277] In an embodiment, the electronic device 600
may further include a first resonant connector 631 and a
first electronic element 64 1. The first resonant connector
631 may be disposed between the first radiator 611 and
the first parasitic stub 612. A first end of the first resonant
connector 631 is electrically connected to the first radia-
tor 611, and a second end of the first resonant connector
631 is electrically connected to the first parasitic stub 612.
Afirstend of the first electronic element 641 is electrically
connected to the first resonant connector 631, a second
end of the first electronic element 641 is electrically
connected to the ground plane 630 for grounding, and
the first electronic element 641 is connected in parallel
between the first resonant connector 631 and the ground
plane 630.

[0278] It should be understood that a frequency of a
resonance generated in a first resonance mode (for ex-
ample, an HWM) of the first antenna element 610 and a
frequency of a resonance generated in a second reso-
nance mode (for example, an OWM) of the first antenna
element 610 may be adjusted by using the first resonant
connector 631 disposed between the first radiator 611
and the first parasitic stub 612 and the first electronic
element 641 connected in parallel between the first re-
sonant connector 631 and the ground plane 630, so that
the resonances generated in the two resonance modes
are close to each other to form a wide resonance fre-
quency band, to expand an operating bandwidth of the
first antenna element 610. Alternatively, the frequencies
of the resonances generated in the two resonance
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modes may be away from each other, so that the reso-
nances generated in the two resonance modes are away
from each other. In this case, an operating frequency
band of the first antenna element 610 includes two dif-
ferent communication frequency bands.

[0279] Similarly, in a case in which no first resonant
connector 631 is disposed between the first radiator 611
and the first parasitic stub 612, same technical effect may
also be achieved by adjusting the distance between the
first radiator 611 and the first parasitic stub 612.

[0280] In an embodiment, the first end of the first
resonant connector 631 is located between the first
end of the first radiator 611 and a midpoint of the first
radiator 611. In an embodiment, the second end of the
first resonant connector 631 is located between the sec-
ond end of the first parasitic stub 612 and a midpoint of the
first parasitic stub 612.

[0281] Inanembodiment,the second antenna element
620 further includes a second parasitic stub 622, and the
second radiator 621 and the second parasitic stub 622
are juxtaposed. In an embodiment, the second radiator
621 is located between the first radiator 611 and the
second parasitic stub 622. The projection (the second
projection) of the second radiator 621 on the plane on
which the ground plane 630 is located and a projection (a
fourth projection) of the second parasitic stub 622 on the
plane on which the ground plane 630 is located are
parallel to each other in the first direction, and at least
partially overlap in the second direction.

[0282] In an embodiment, the ground end of the sec-
ond radiator 621 and the ground end of the second
parasitic stub 622 are ground ends disposed on different
sides, the second end of the second parasitic stub 622 is
grounded, and a distance between the first end (the
ground end) of the second radiator 621 and the first
end of the second parasitic stub 622 is less than a
distance between the first end (the ground end) of the
second radiator 621 and the second end (the ground end)
of the second parasitic stub 622.

[0283] It should be understood that, the ground end of
the second radiator 621 and the ground end of the second
parasitic stub 622 are disposed on different sides, to form
a strongly-coupled structure. The second parasitic stub
622 generates a resonance by using an electrical signal
fed by the second radiator 621, to expand an operating
frequency band of the second antenna element 620.
[0284] Inembodiments of this application, a quantity of
parasitic stubs is not limited. The parasitic stub may be
disposed on the radiator of the antenna element accord-
ing to an actual design requirement. The parasitic stub
and the radiator form a strongly-coupled structure, to
form a plurality of resonance frequency bands, and ex-
pand an operating bandwidth of an antenna structure.
[0285] In an embodiment, the electronic device 600
may further include a second resonant connector 632
and a second electronic element 642. The second reso-
nant connector 632 may be disposed between the sec-
ond radiator 621 and the second parasitic stub 622. Afirst
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end of the second resonant connector 632 is electrically
connected to the second radiator 621, and a second end
of the second resonant connector 632 is electrically
connected to the second parasitic stub 622. A first end
of the second electronic element 642 is electrically con-
nected to the second resonant connector 632, a second
end of the second electronic element 642 is electrically
connected to the ground plane 630 for grounding, and the
second electronic element 642 is connected in parallel
between the second resonant connector 632 and the
ground plane 630.

[0286] It should be understood that a frequency of a
resonance generated in the first resonance mode (for
example, the HWM) of the second antenna element 620
and a frequency of a resonance generated in the second
resonance mode (for example, the OWM) of the second
antenna element 620 may be adjusted through the sec-
ond resonant connector 632 disposed between the sec-
ond radiator 621 and the second parasitic stub 622 and
the second electronic element 642 connected in parallel
between the second resonant connector 632 and the
ground plane 630, so that the resonances generated in
the two resonance modes are close to each other to form
a wide resonance frequency band, to expand an operat-
ing bandwidth of the second antenna element 620. Alter-
natively, the frequencies of the resonances generated in
the two resonance modes may be away from each other,
so that the resonances generated in the two resonance
modes are away from each other. In this case, an oper-
ating frequency band of the second antenna element 620
includes two different communication frequency bands.
[0287] Similarly, in a case in which no second resonant
connector 632 is disposed between the second radiator
621 and the second parasitic stub 622, same technical
effect may also be achieved by adjusting the distance
between the second radiator 621 and the second para-
sitic stub 622.

[0288] In an embodiment, the first end of the second
resonant connector 632 is located between the first end
of the second radiator 621 and a midpoint of the second
radiator 621. In an embodiment, the second end of the
second resonant connector 632 is located between the
second end of the second parasitic stub 622 and a
midpoint of the second parasitic stub 622.

[0289] In an embodiment, the electronic device 600
may further include a third electronic element 643. The
first resonant connector 631 may be provided with a slot.
The third electronic element 643 may be disposed in the
slot of the first resonant connector 631, and is connected
in series between portions that are of the first resonant
connector 631 and that are on the two sides of the slot.
Two ends of the third electronic element 643 are elec-
trically connected to the portions that are of the first
resonant connector 631 and that are on the two sides
of the slot respectively.

[0290] In an embodiment, the electronic device 600
may further include a fourth electronic element 644. The
second resonant connector 632 may be provided with a
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slot. The fourth electronic element 644 may be disposed
in the slot of the second resonant connector 632, and is
connected in series between portions that are of the
second resonant connector 632 and that are on the
two sides of the slot. Two ends of the fourth electronic
element 644 are electrically connected to the portions
that are of the second resonant connector 644 and that
are on the two sides of the slot respectively.

[0291] It should be understood that the resonant con-
nector may be equivalent to an inductor, and an induc-
tance value of the equivalent inductor of the resonant
connector may be adjusted by using a length or a width of
the resonant connector. The equivalent inductor of the
resonant connector may be adjusted through an electro-
nic element connected in series to the resonant connec-
tor, to adjust the frequency of the resonance correspond-
ing to the first resonance mode of the antenna element. It
should be understood that electrical lengths of the radia-
tor and the resonant stub of the antenna element should
be approximately the same, so thatresonance frequency
bands of the antenna element are close to each other, to
expand an operating frequency band of the antenna
element. In an embodiment, the first radiator 611 and
the first parasitic stub 612 are disposed in parallel and
non-collinearly. The projection (the first projection) of the
first radiator 611 on the ground plane and the projection
(the third projection) of the first parasitic stub 612 on the
ground plane only partially overlap in the second direc-
tion (for example, the x direction). For example, the first
radiator 611 and the first parasitic stub 612 have a specific
misplacement in the first direction (for example, the y
direction). This is the same as or similar to that in the
foregoing embodiments. Details are not described again.
[0292] In an embodiment, the first radiator 611 or the
first parasitic stub 612 may be a linear radiator, and the
first antenna element 610 may be an IFA. Alternatively,
thefirstradiator 611 or the first parasitic stub 612 may be a
sheet-like radiator, and the first antenna element 610
may be a PIFA. In an embodiment, the second antenna
element 620 may also be any one of the foregoing
antenna types.

[0293] Inanembodiment, the radiator and the parasitic
stub are disposed on a support or a rear cover in the
electronic device. Details are not described herein again.
[0294] FIG. 46 shows an S parameter of the antenna
element shown in FIG. 45.

[0295] As shown in FIG. 46, the first antenna element
and the second antenna element may respectively gen-
erate two resonances at 4.3 GHz and 4.4 GHz, which
may correspond to two resonance modes (for example,
the OWM and the HWM) in which the radiator and the
parasitic stub of the antenna element operate.

[0296] In addition, the ground end of the first radiator
and the ground end of the second radiator are arranged
on a same side, to form a weakly-coupled structure. In a
resonance frequency band, isolation between the first
antenna elementand the second antenna elementis less
than-24 dB. FIG. 47 is a diagram of still another electronic
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device 600 according to an embodiment of this applica-
tion.

[0297] Similarly, the first radiator 611 and the second
radiator 621 have ground ends on a same side, for
example, to form a weakly-coupled structure. In the first
antenna element 610, the first radiator 611 and the first
parasitic stub 612 have ground ends on different sides,
for example, to form a strongly-coupled structure. In the
second antenna element 620, the second radiator 621
and the second parasitic stub 622 form a strongly-
coupled structure. For a strongly-coupled structure, refer
to relative positions between radiators in the foregoing
embodiments. Details are not described again in embo-
diments of this application.

[0298] As shown in FIG. 47, in this embodiment, only
an example in which the first radiator 611 and the second
radiator 621 are juxtaposed, and ground ends are ar-
ranged on a same side, for example, to form a weakly-
coupled structure, and the radiator and the parasitic stub
are serialized, and ground ends are arranged on different
sides, forexample, to form a strongly-coupled structure is
used for description.

[0299] FIG. 48 shows an S parameter of the antenna
element shown in FIG. 47.

[0300] As shown in FIG. 48, the first antenna element
and the second antenna element may respectively gen-
erate two resonances at 4.3 GHz and 4.45 GHz, which
may correspond to two resonance modes (for example,
the OWM and the HWM) in which the radiator and the
resonant stub of the antenna element operate.

[0301] In addition, the ground end of the first radiator
and the ground end of the second radiator are arranged
on a same side, for example, to form a weakly-coupled
structure. In a resonance frequency band, isolation be-
tween the first antenna element and the second antenna
element is less than -12 dB.

[0302] FIG. 49 is a diagram of still another electronic
device 600 according to an embodiment of this applica-
tion.

[0303] Similarly, the first radiator 611 and the second
radiator 621 have ground ends disposed on a same side,
for example, to form a weakly-coupled structure. In the
first antenna element 610, the first radiator 611 and the
first parasitic stub 612 have ground ends disposed on
different sides, for example, to form a strongly-coupled
structure. In the second antenna element 620, the sec-
ond radiator 621 and the second parasitic stub 622 have
ground ends disposed on different sides, for example, to
form a strongly-coupled structure. For a strongly-coupled
structure, refer to relative positions between radiators in
the foregoing embodiments. Details are not described
again in embodiments of this application.

[0304] As shown in FIG. 49, in this embodiment, only
an example in which the first radiator 611 and the second
radiator 621 are serialized, and ground ends are ar-
ranged on a same side, for example, to form a weakly-
coupled structure, and the radiator and the parasitic stub
are juxtaposed, and ground ends are arranged on differ-
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ent sides, for example, to form a strongly-coupled struc-
ture is used for description.

[0305] A difference between the first antenna element
610 and the second antenna element 620 shown in FIG.
49 and the first antenna element 610 and the second
antenna element 620 shown in FIG. 45 lies in different
arrangements of radiators and parasitic stubs. An ar-
rangement manner shown in FIG. 49 is a 2x2 array
arrangement (radiators of the two antenna elements
are collinearly disposed), and an arrangement manner
shownin FIG. 45is a 1x4 array arrangement (radiators of
the two antenna elements are disposed in parallel and
non-collinearly).

[0306] Itshould be understood that, for aradiatorand a
parasitic stub that are disposed collinearly, a specific
offset may exist based on an actual spatial layout. For
example, a collinear direction of the radiator and the
parasitic stub is a y direction, and the radiator and the
parasitic stub may move in a positive direction or a
negative direction of an x direction, provided that the
radiator and the parasitic stub partially overlap only in
a direction reverse to the y direction. FIG. 50 shows an S
parameter of the antenna element shown in FIG. 49.
[0307] As shown in FIG. 50, the first antenna element
and the second antenna element may respectively gen-
erate two resonances at 4.3 GHz and 4.4 GHz, which
may correspond to two resonance modes (for example,
the OWM and the HWM) in which the radiator and the
resonant stub of the antenna element operate.

[0308] Inaddition, the ground end of the first radiator is
close to a non-ground end of the second radiator, to form
a weakly-coupled structure. In a resonance frequency
band, isolation between the firstantenna element and the
second antenna element is less than -12 dB.

[0309] A difference between the first antenna element
610 and the second antenna element 620 shown in FIG.
51 and the first antenna element 610 and the second
antenna element 620 shown in FIG. 49 lies in different
arrangements of radiators and parasitic stubs. An ar-
rangement manner shown in FIG. 51 is a straight-line
type arrangement (radiators and parasitic stubs of the
two antenna elements are serialized), and an arrange-
ment manner shown in FIG. 49 is a 2x2 array arrange-
ment (radiators of the two antenna elements are serial-
ized, and the radiators and the parasitic stubs are juxta-
posed).

[0310] It should be understood that, in the antenna
structure shown in FIG. 49, the first radiator 611 and
the second radiator 621 are adjacent to each other. In
the antenna structure shown in FIG. 51, the first parasitic
stub 612 is disposed between the first radiator 611 and
the second radiator 621, and the first radiator 611 and the
second radiator 621 are spaced from each other. A
specific form of the weakly-coupled structure formed
between the radiators, and a specific form of the
strongly-coupled structure formed between the radiator
and a corresponding parasitic stub are not limited in
embodiments of this application, and may be adjusted
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based on an actual design.

[0311] FIG. 52 shows an S parameter of the antenna
element shown in FIG. 51.

[0312] As shown in FIG. 52, the first antenna element
and the second antenna element each may generate a
resonance at 4.4 GHz, and the ground end of the first
radiator is close to the non-ground end of the second
radiator, to form a weakly-coupled structure. In a reso-
nance frequency band, isolation between the first anten-
na element and the second antenna element is less than
-20 dB.

[0313] FIG. 53 is a diagram of still another electronic
device 600 according to an embodiment of this applica-
tion.

[0314] A difference between the first antenna element
610 and the second antenna element 620 shown in FIG.
53 and the first antenna element 610 and the second
antenna element 620 shown in FIG. 47 lies in different
arrangements of radiators and parasitic stubs. An ar-
rangement manner shown in FIG. 47 is that a radiator
and a parasitic stub of each antenna element are serial-
ized, and radiators of the two antenna elements are
arranged in parallel and non-collinearly. An arrangement
manner shown in FIG. 53 is that a radiator and a parasitic
stub of each antenna element are disposed collinearly,
and radiators of the two antenna elements are disposed
in a staggered manner.

[0315] FIG. 54 shows an S parameter of the antenna
element shown in FIG. 53.

[0316] As shown in FIG. 54, the first antenna element
and the second antenna element may respectively gen-
erate two resonances at 4.3 GHz and 4.45 GHz, which
may correspond to two resonance modes (for example,
the OWM and the HWM) in which the radiator and the
resonant stub of the antenna element operate.

[0317] In addition, the first radiator and the second
radiator are arranged in a staggered manner, to form a
weakly-coupled structure. In a resonance frequency
band, isolation between the first antenna element and
the second antenna element is less than -12 dB.
[0318] FIG. 55 is a diagram of still another electronic
device 600 according to an embodiment of this applica-
tion.

[0319] As shown in FIG. 55, the electronic device 600
may include the first antenna element 610, the second
antenna element 620, and the ground plane 630.
[0320] The first antenna element 610 includes the first
radiator 611 and the first feed element 613. The first
radiator 611 includes the first feed point 614, and the first
feed element 613 is electrically connected to the first
radiator 611 at the first feed point 614.

[0321] The second antenna element 620 may include
the second radiator 621 and the second feed element
623. The second radiator 621 includes a second feed
point 624, the second feed element 623 is electrically
connected to the second radiator 621 at the second feed
point 624, and the first feed element 613 is different from
the second feed element 623. In an embodiment, that the
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first feed element 613 is different from the second feed
element 623 may be understood as that an electrical
signal generated by the first feed element 613 and an
electrical signal generated by the second feed element
623 are different, and are not generated by a same feed
by using a feed network. For example, the first feed
element 613 and the second feed element 623 may be
different radio frequency channels of a same power
supply chip.

[0322] A projection (a first projection) of the first radia-
tor 611 on a plane on which the ground plane 630 is
located is perpendicular to a projection (a second projec-
tion) of the second radiator 621 on the plane on which the
ground plane 630is located. In addition, an extension line
of the second radiator 621 intersects an extension line of
the first radiator 611 on the first radiator 611.

[0323] It should be understood that, that the first pro-
jection is perpendicular to the second projection may be
understood as that a direction from a ground end of the
first radiator 611 to an open end is perpendicular to a
direction from a ground end of the second radiator 621 to
an open end.

[0324] A second end of the first radiator 611 is
grounded, a second end of the second radiator 621 is
grounded, and a distance between the second end (the
ground end) of the second radiator 621 and the second
end (the ground end) of the first radiator 611 is less than a
distance between the second end (the ground end) of the
second radiator 621 and a first end of the first radiator
611.

[0325] Itshould be understood thatthe firstradiator 611
and the second radiator 621 are vertically disposed to
form a weakly-coupled structure. Therefore, there is
good isolation between the first antenna element 610
and the second antenna element 620. As shown in FIG.
56, in aresonance frequency band, isolation between the
first antenna element 610 and the second antenna ele-
ment 620 is less than -12 dB.

[0326] In an embodiment, the antenna structure may
further include more antenna elements, adjacent anten-
na elements are vertically arranged, and good isolation
may exist between every two antenna elements.

[0327] In an embodiment, operating frequency bands
of two or more antenna elements are the same (for
example, each include a first frequency band).

[0328] In an embodiment, to expand an operating fre-
quency band of the antenna element, the antenna ele-
ment may include a parasitic stub, as shown in FIG. 57.
[0329] Forexample, the firstantennaelement610 may
include the first parasitic stub 612. In an embodiment, the
ground end of the first radiator 611 and the ground end of
the first parasitic stub 612 are ground ends disposed on
different sides, to form a strongly-coupled structure. The
first radiator 611 may be located between the first para-
sitic stub 612 and the second radiator 621. The firstend of
the first radiator 611 and a first end of the first parasitic
stub 612 are disposed face to face, but are not in contact
with each other, the second end of the first radiator 611 is
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grounded, and a second end of the first parasitic stub 612
is grounded. The projection (the first projection) of the first
radiator 611 on the plane on which the ground plane 630
is located and a projection (a third projection) of the first
parasitic stub 612 on the plane on which the ground plane
630 is located are disposed along a same straightlineina
first direction (for example, an x direction). A distance
between the second end (the ground end) of the second
radiator 621 and a second end (the ground end) of the first
parasitic stub 612 is greater than a distance between the
second end (the ground end) of the second radiator 621
and a first end of the first parasitic stub 612.

[0330] Inanembodiment,the second antennaelement
620 may include the second parasitic stub 622. In an
embodiment, the ground end of the second radiator 621
and the ground end of the second parasitic stub 622 are
ground ends disposed on different sides, to form a
strongly-coupled structure. The first end of the second
radiator 621 and a first end of the second parasitic stub
622 are disposed face to face, but are not in contact with
each other, the second end of the second radiator 621 is
grounded, and a second end of the second parasitic stub
622 is grounded. The projection (the second projection)
of the second radiator 621 on the plane on which the
ground plane 630 is located and a projection (a fourth
projection) of the second parasitic stub 622 on the plane
on which the ground plane 630 is located are disposed
along a same straight line in a second direction (for
example, a y direction). A distance between the second
end (the ground end) of the first radiator 611 and a second
end (the ground end) of the second parasitic stub 622 is
greater than a distance between the second end (the
ground end) of the first radiator 611 and the first end of the
second parasitic stub 622.

[0331] In an embodiment, the third antenna element
640 may include a third parasitic stub 642.

[0332] It should be understood that a quantity of para-
sitic stubs in the electronic device is not limited in embo-
diments of this application. Each antenna element may
include a parasitic stub, and a position of the parasitic
stub may be selected based on actual internal space of
the electronic device, to form a strongly-coupled struc-
ture. For example, the parasitic stub and the radiator may
be disposed along a same straightline, and ground points
are disposed away from each other and arranged on
different sides; or the parasitic stub and the radiator
may be disposed in parallel and non-collinearly, and
ground points are disposed away from each other and
arranged on different sides. This is not limited in this
application.

[0333] In an embodiment, the electronic device 600
may further include a resonant connector disposed be-
tween a radiator and a parasitic stub of the antenna
element and an electronic element disposed between
the resonant connector and the ground plane. For ex-
ample, the first resonant connector 631 may be disposed
between the first radiator 611 and the first parasitic stub
612. A first end of the first resonant connector 631 is
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electrically connected to the first radiator 611, and a
second end of the first resonant connector 631 is elec-
trically connected to the first parasitic stub 612. A firstend
of the first electronic element 641 is electrically con-
nected to the first resonant connector 631, a second
end of the first electronic element 641 is electrically
connected to the ground plane 630 for grounding, and
the first electronic element 641 is connected in parallel
between the first resonant connector 631 and the ground
plane 630.

[0334] It should be understood that a frequency of a
resonance generated in the first resonance mode (for
example, the HWM) of the antenna element and a fre-
quency of a resonance generated in the second reso-
nance mode (for example, the OWM) may be adjusted
through the resonant connector disposed between the
radiator and the parasitic stub of the antenna elementand
the electronic element disposed between the resonant
connector and the ground plane, so that the frequencies
of the resonances generated in the two resonance
modes are close to each other, to expand an operating
bandwidth of the antenna element.

[0335] 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, divi-
sion into units is merely logical functional division and
may be other division during actual implementation. For
example, a plurality of units or components may be
combined or integrated into another system, or some
features may be ignored or not performed. In addition,
the displayed or discussed mutual couplings or direct
couplings or communication connections may be imple-
mented through some interfaces. The indirect couplings
orcommunication connections between the apparatuses
or units may be implemented in electronic or other forms.
[0336] 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 electronic device, comprising:

a ground plane;

a first antenna element, comprising a first para-
sitic stub, afirstradiator, and a first feed element,
wherein the first radiator comprises a first feed
point, and the first feed elementis coupled to the
first radiator through the first feed point; and
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a second antenna element, comprising a sec-
ond radiator and a second feed element, where-
in the second radiator comprises a second feed
point, the second feed element is coupled to the
second radiator through the second feed point,
and the first feed element is different from the
second feed element, wherein

a first end of the first radiator, a first end of the
second radiator, and a second end of the first
parasitic stub are all coupled to the ground plane
for grounding;

thefirstend of the first radiator and the firstend of
the second radiator are ground ends disposed
on a same side; and

the first end of the first radiator and the second
end of the first parasitic stub are ground ends
disposed on different sides.

The electronic device according to claim 1, wherein
the first radiator and the second radiator are serial-
ized.

The electronic device according to claim 1, wherein
the first radiator and the second radiator are juxta-
posed.

The electronic device according to any one of claims
1 to 3, wherein

the first radiator and the first parasitic stub are juxta-
posed.

The electronic device according to any one of claims
1 to 3, wherein

the first radiator and the first parasitic stub are serial-
ized.

The electronic device according to any one of claims
1 to 5, wherein

both the first radiator and the second radiator extend
in a first direction, a second end of the first radiator is
an open end, and a second end of the second
radiator is an open end, wherein that the first end
of the first radiator and the first end of the second
radiator are ground ends disposed on a same side
means that the first end of the first radiator is on a first
side in the first direction, the second end of the first
radiator is on a second side in the first direction, the
first end of the second radiator is on the first side in
the first direction, and the second end of the second
radiator is on the second side in the first direction.

The electronic device according to any one of claims
1 to 6, wherein

both the first radiator and the first parasitic stub
extend in the first direction, the second end of the
first radiator is an open end, and a first end of the first
parasitic stub is an open end, wherein that the first
end of the first radiator and the second end of the first
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parasitic stub are ground ends disposed on different
sides means that the first end of the first radiator is on
the first side in the first direction, the second end of
the first radiator is on the second side in the first
direction, the first end of the first parasitic stub is on
the first side in the first direction, and the second end
of the first parasitic stub is on the second side in the
first direction.

The electronic device according to any one of claims
1 to 7, wherein

the electronic device further comprises a first
resonant connector and a first electronic ele-
ment, wherein

a first end of the first resonant connector is
coupled to the first radiator, and a second end
of the first resonant connector is coupled to the
first parasitic stub; and

a first end of the first electronic element is
coupled to the first resonant connector, and a
second end of the first electronic element is
coupled to the ground plane for grounding.

9. The electronic device according to any one of claims

1 to 8, wherein

the first end of the first resonant connector is
located between the first end of the first radiator
and a midpoint of the first radiator; and/or

the second end of the first resonant connector is
located between the second end of the first
parasitic stub and a midpoint of the first parasitic
stub.

10. The electronic device according to any one of claims

1t0 9, wherein

a physical length L1 of the first radiator and a
physical length L2 of the second radiator satisfy
the following: L1 X 80%<L2<L1 X 120%; and
the physical length L1 of the first radiator and a
physical length L3 of the first parasitic stub sa-
tisfy the following: L1 X80%<L3<L1 X 120%.

11. The electronic device according to any one of claims

8 to 10, wherein

the electronic device further comprises a second
electronic element; and

the first resonant connector comprises a slot,
and the second electronic element is connected
in series to the first resonant connector through
the slot.

12. The electronic device according to any one of claims

7 to 11, wherein
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the first parasitic stub and the first radiator are
configured to: jointly generate a first resonance
and jointly generate a second resonance; and
the second radiator is configured to generate a
third resonance.

13. The electronic device according to any one of claims
1 to 12, wherein
an operating frequency band of the first antenna
element and an operating frequency band of the
second antenna element each comprise a first fre-
quency band.

14. An electronic device, comprising:

a ground plane;

a first antenna element, comprising a first para-
sitic stub, afirstradiator, and a first feed element,
wherein the first radiator comprises a first feed
point, and the first feed element is coupled to the
first radiator through the first feed point; and

a second antenna element, comprising a sec-
ond radiator and a second feed element, where-
in the second radiator comprises a second feed
point, the second feed element is coupled to the
second radiator through the second feed point,
and the first feed element is different from the
second feed element, wherein

a first end of the first radiator, a first end of the
second radiator, and a second end of the first
parasitic stub are all coupled to the ground plane
for grounding;

a first projection and a second projection extend
in afirst direction and do not overlap in a second
direction, the second direction is perpendicular
to the first direction, the first projection is a
projection of the firstradiator on a plane on which
the ground plane is located, and the second
projection is a projection of the second radiator
on the plane on which the ground plane is lo-

cated; and

thefirstend of the first radiator and the firstend of
the second radiator are ground ends disposed
on different sides; and the first end of the first
radiator and the second end of the first parasitic
stub are ground ends disposed on different
sides.

15. The electronic device according to claim 14, wherein
the first radiator and the first parasitic stub are juxta-
posed.

16. The electronic device according to claim 15, wherein
the first radiator and the first parasitic stub are serial-
ized.

17. The electronic device according to any one of claims
13 to 16, wherein
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the electronic device further comprises a first
resonant connector and a first electronic ele-
ment, wherein

a first end of the first resonant connector is
coupled to the first radiator, and a second end
of the first resonant connector is coupled to the
first parasitic stub; and

a first end of the first electronic element is
coupled to the first resonant connector, and a
second end of the first electronic element is
coupled to the ground plane for grounding.

18. The electronic device according to any one of claims
13 to 17, wherein

the first end of the first resonant connector is
located between the first end of the first radiator
and a midpoint of the first radiator; and/or

the second end of the first resonant connector is
located between the second end of the first
parasitic stub and a midpoint of the first parasitic
stub.

19. The electronic device according to any one of claims
13 to 18, wherein

the first parasitic stub and the first radiator are
configured to: jointly generate a first resonance
and jointly generate a second resonance; and
the second radiator is configured to generate a
third resonance.

20. The electronic device according to any one of claims
13 to 19, wherein
an operating frequency band of the first antenna
element and an operating frequency band of the
second antenna element each comprise a first fre-
quency band.

21. An electronic device, comprising:

a ground plane;

a first antenna element, comprising a first para-
sitic stub, afirst radiator, and afirst feed element,
wherein the first radiator comprises a first feed
point, and the first feed elementis coupled to the
first radiator through the first feed point; and

a second antenna element, comprising a sec-
ond radiator and a second feed element, where-
in the second radiator comprises a second feed
point, the second feed element is coupled to the
second radiator through the second feed point,
and the first feed element is different from the
second feed element, wherein

a first end of the first radiator, a first end of the
second radiator, and a second end of the first
parasitic stub are all coupled to the ground plane
for grounding, and a distance between the first
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end of the second radiator and the second end of 21 to 24, wherein

the first parasitic stub is greater than a distance an operating frequency band of the first antenna
between the first end of the second radiator and element and an operating frequency band of the
a first end of the first parasitic stub; second antenna element each comprise a first fre-
a first projection is perpendicular to a second 5 quency band.

projection, an extension line of the second ra-
diator intersects the first radiator on the first
radiator, the first projection is a projection of

the first radiator on a plane on which the ground
plane is located, and the second projectionisa 10
projection of the second radiator on the plane on
which the ground plane is located;

the first projection and a third projection are
disposed along a same straight line in a first
direction, and the third projection is a projection 15
of the first parasitic stub on the plane on which

the ground plane is located; and

a distance between the first end of the first
radiator and the first end of the first parasitic
stubis less than a distance between the firstend 20
of the first radiator and the second end of the first
parasitic stub.

22. The electronic device according to claim 21, wherein
25

the electronic device further comprises a first
resonant connector and a first electronic ele-
ment, wherein
a first end of the first resonant connector is
coupled to the first radiator, and a second end 30
of the first resonant connector is coupled to the
first parasitic stub; and
a first end of the first electronic element is
coupled to the first resonant connector, and a
second end of the first electronic element is 35
coupled to the ground plane for grounding.

23. The electronic device according to claim 21 or 22,
wherein
40

the first end of the first resonant connector is
located between the first end of the first radiator
and a midpoint of the first radiator; and/or
the second end of the first resonant connector is
located between the second end of the first 45
parasitic stub and a midpoint of the first parasitic
stub.

24. The electronic device according to any one of claims
21 to 23, wherein 50

the first parasitic stub and the first radiator are
configured to: jointly generate a first resonance

and jointly generate a second resonance; and

the second radiator is configured to generate a %5
third resonance.

25. The electronic device according to any one of claims

37
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