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(57) The present application relates to an antenna
apparatus and an electronic device. The antenna appa-
ratus comprises an antenna body, a feed module, and a
frequency band switching module. The antenna body
comprises a first conductive branch and a second con-
ductive branch spaced apart, a first feed pointis provided
on the first conductive branch, and a second feed point
is provided on the second conductive branch. The feed
module comprises a first feed circuit connected to the
first feed point and a second feed circuit connected to
the second feed point. The frequency band switching
module is connected to the first conductive branch. One
end of the frequency switching module is connected to
the first conductive branch, and the other end is ground-
ed; the frequency band switching module comprises a
switch module and at least two frequency band selection
branch circuits, at least two frequency band selection
branch circuits being in parallel; the switch module se-
lectively connects at least one among at least two fre-
quency band selection branch circuits into a loop of the
first conductive branch, so as to allow the first conductive
branch to switchably radiate first radio frequency signals
of differentfrequency bands. The antenna apparatus has
a relatively wide covered frequency band range and is
relatively low cost.
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Description

CROSS-REFERENCING OF RELEVANT APPLICA-
TIONS

[0001] This application claims priority to a Chinese pat-
ent application No. CN202011455048.3, entitled "AN-
TENNA APPARATUS AND ELECTRONIC DEVICE",
and filed on December 10, 2020 to China National Intel-
lectual Property Administration. The entire contents of
this application are incorporated herein by reference.

TECHNICAL FIELD

[0002] The presentdisclosure relates to the field of mo-
bile communication technologies, and particularly to an
antenna apparatus and an electronic device.

BACKGROUND

[0003] With the development and progress of science
and technology, communication technologies have de-
veloped rapidly and got great progress. With the improve-
ment of communication technologies, popularity of intel-
ligentelectronic products has reached an unprecedented
height, and more and more intelligent terminals or elec-
tronic devices, such as smartphones, smart bracelets,
smart watches, smart TVs and computers, have become
an indispensable part of people’s lives. These electronic
devices transmit signals through a built-in antenna ap-
paratus, so as to realize voice calls, navigation, wireless
Internet access, and other functions. A radiator serves
as an important part of the antenna apparatus, and its
design form and position layout in the phone directly af-
fect the communication performance of the antenna ap-
paratus.

[0004] In the existing electronic devices, one or more
slots are provided on a metal frame, to divide the metal
frame into multiple metal branches, which may form mul-
tiple metal frame antennas. However, the radiation of sig-
nals at multiple frequency bands requires more metal
branches, and the cost of the antenna apparatus is high.

SUMMARY

[0005] Embodiments of the present disclosure provide
an antenna apparatus and an electronic device.

[0006] Inafirstaspect, the embodiments of the present
disclosure provide an antenna apparatus. The antenna
apparatus includes an antenna body, a feeding module,
and a band-switching module. The antenna body in-
cludes afirst conductive branch and a second conductive
branch, and a slot is provided between the first conduc-
tive branch and the second conductive branch. The first
conductive branch is provided thereon with a first feeding
point, and the second conductive branch is provided ther-
eon with a second feeding point. The feeding module
includes a first feed circuit and a second feed circuit. The
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first feed circuit is connected to the first feeding point,
and is configured to feed a first current signal to the first
conductive branch through the first feeding point, to en-
able the first conductive branch to radiate a first radio
frequency signal. The second feed circuit is connected
to the second feeding point, and is configured to feed a
second current signal to the second conductive branch
through the second feeding point, to enable a second
radiator of the second conductive branch to radiate a
second radio frequency signal. One end of the band-
switching module is connected to the first conductive
branch, and the other end of the band-switching module
is grounded. One end of the band-switching module is
connected to the first conductive branch, and the other
end of the band-switching module is grounded. A con-
nection node of the band-switching module and the first
conductive branch is located between the first feeding
point and the slot. The band-switching module includes
a switch module and at least two band-selecting branch-
es, where the at least two band-selecting branches are
connected in parallel. The band-switching module is con-
figured to selectively connect at least one of the at least
two band-selecting branches into a loop of the first con-
ductive branch through the switch module, to enable the
first conductive branch to radiate, based on the first cur-
rent signal, the first frequency radio signal at different
frequency bands in a switchable manner.

[0007] In a second aspect, the embodiments of the
present disclosure provide an electronic device. The
electronic device includes a casing and the antenna ap-
paratus mentioned above, where the antenna apparatus
is integrated into the casing.

[0008] In a third aspect, the embodiments of the
present disclosure provide an electronic device. The
electronic device includes a boundary frame and the ap-
paratus mentioned above. A material of the boundary
frame includes metal. The boundary frame is provided
with a slot, and the slot of the boundary frame divides
the boundary frame into two parts. The antenna appara-
tus is integrated into the boundary frame. The slot of the
boundary frame is the slot between the first conductive
branch and the second conductive branch.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] In order to illustrate technical schemes in the
embodiments of the present disclosure more clearly, the
drawings used in the description of the embodiments are
briefly introduced below. Apparently, the drawings in the
following description are merely some embodiments of
the present disclosure. For those skilled in the art, other
drawings may be obtained according to these drawings
without paying any creative effort.

FIG. 1 illustrates a schematic structural diagram of
an antenna apparatus according to the embodi-
ments of the present disclosure.

FIG. 2 illustrates another schematic structural dia-
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gram of the antenna apparatus according to the em-
bodiments of the present disclosure.

FIG. 3 illustrates a further schematic structural dia-
gram of the antenna apparatus according to the em-
bodiments of the present disclosure.

FIG. 4 is a schematic diagram illustrating antenna
efficiency of the antenna apparatusillustrated in FIG.
3.

FIG. 5 illustrates a schematic structural diagram of
an antenna apparatus equipped with a voltage divi-
sion circuit according to the embodiments of the
present disclosure.

FIG. 6 illustrates another schematic structural dia-
gram of the antenna apparatus equipped with a volt-
age division circuit according to the embodiments of
the present disclosure.

FIG. 7 illustrates yet a further schematic structural
diagram of the antenna apparatus according to the
embodiments of the present disclosure.

FIG. 8 illustrates another schematic structural dia-
gram of the antenna apparatus according to the em-
bodiments of the present disclosure.

FIG. 9 illustrates yet a still further schematic struc-
tural diagram of the antenna apparatus according to
the embodiments of the present disclosure.

FIG. 10 illustrates yet a still further schematic struc-
tural diagram of the antenna apparatus according to
the embodiments of the present disclosure.

FIG. 11 is a schematic diagram illustrating a match-
ing circuit module of the antenna apparatus illustrat-
ed in FIG. 8.

FIG. 12 illustrates yet a still further schematic struc-
tural diagram of the antenna apparatus according to
the embodiments of the present disclosure.

FIG. 13 is a schematic diagram of an electronic de-
vice according to the embodiments of the present
disclosure.

FIG. 14is a schematicdiagramillustrating an internal
structure of the electronic device shown in FIG. 13.

DETAILED DESCRIPTION OF EMBODIMENTS

[0010] Embodiments of the present disclosure will be
described clearly and comprehensively in combination
with the drawings in the embodiments of the present dis-
closure. Apparently, the described embodiments are
merely some of the embodiments of the present disclo-
sure, not all of the embodiments. All other embodiments,
obtained by those skilled in the art based on the embod-
iments in the present disclosure without creative work,
fall into the scope of protection of the present disclosure.
[0011] The "electronic device" used in the embodi-
ments of the presentdisclosure includes, butis not limited
to a device that transmits or sends a communication sig-
nal via a wire connection (e.g., a connection established
via public switched telephone network (PSTN), digital
subscriber line (DSL), digital cable, direct cable connec-
tion), and/or via a wireless interface (e.g., a wire interface
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for cellular network, wireless local area network (WLAN),
digital TV network such as DVB-H network, satellite net-
work, AM-FM broadcast transmitter, , and/or a wireless
interface for another communication terminal). A com-
munication terminal configured to communicate via the
wireless interface may be referred to as a "wireless com-
munication terminal", "wireless terminal", "electronic
equipment", and/or "electronic device". Examples of the
electronic device include, but are not limited to: satellite
or cellular telephone; personal communication system
(PCS) terminal which can integrate a radio-telephone
with functions of data processing, faxing, and data com-
municating; personal digital assistant (PDA) which may
include a radio-telephone, a pager, Internet/Intranet ac-
cess, a Web browser, a notepad, a calendar, and/or a
global positioning system (GPS) receiver; and conven-
tional lap and/or palm receivers, game consoles or other
electronic devices including a radio-telephone transceiv-
er.

[0012] In the existing electronic devices, one or more
slots are generally provided on a metal frame to divide
the metal frame into multiple metal branches, which en-
ables multiple metal frame antennas to be formed. How-
ever, the radiation of signals at multiple frequency bands
requires more metal branches, and the cost of the an-
tenna apparatus is high.

[0013] In view of the above problem, through a lot of
repeated research, the inventors of the present disclo-
sure found that the antenna of the existing electronic de-
vice may be improved by adding a band-selecting circuit
with a filter between a feeding source and a radiator;
specifically, by setting parameters of different compo-
nents of the filter, for example, by configuring a different
capacitor or a different inductor in the filter, a different
current signal may be fed from the feeding source to a
radiator, and the radiator may radiate a frequency radio
signal at a different frequency band. In this way, the work-
ing frequency band of the antenna can be expanded, and
the addition of additional metal branches to the antenna
is avoided. However, for such a tuning scheme, the in-
ventors further found that, in the case where the current
signalfed by the feeding source to the radiator is adjusted
by means of thefilter, if the radiator needs to radiate radio
frequency signals at multiple frequency bands, multiple
corresponding filters and corresponding circuit switches
are required. Although this scheme can reduce the
number of the metal branches of the antenna, the number
of the filters is increased for more working frequency
bands, which is also a great burden on the cost of the
antenna.

[0014] Therefore, the inventors of the present disclo-
sure are committed to a study on how to enable the an-
tenna to operate atas many frequency bands as possible
while reducing the cost of the antenna as much as pos-
sible. Through a lot of repeated research, the inventors
proposed an antenna apparatus and an electronic device
with the antenna apparatus of the embodiments of the
present disclosure. The antenna apparatus includes an
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antenna body, a feeding module, and a band-switching
module. The antenna body includes a first conductive
branch and a second conductive branch, and a slot is
provided between the first conductive branch and the
second conduct branch. A first feeding point is provided
onthe first conductive branch, and a second feeding point
is provided on the second conductive branch. The feed-
ing module includes a first feed circuit and a second feed
circuit. The first feed circuit is connected to the first feed-
ing point, and is configured to feed a first current signal
to the first conductive branch via the first feeding point,
to enable the first conductive branch to radiate a first
radio frequency signal. The second feed circuit is con-
nected to the second feeding point, and is configured to
feed a second current signal to the second conductive
branch viathe second feeding point, to enable the second
conductive branch to radiate a second radio frequency
signal. One end of the band-switching module is con-
nected to the first conductive branch, and the other end
of the band-switching module is grounded. A connection
node of the band-switching module and the first conduc-
tive branch is located between the first feeding point and
the slot. The band-switching module includes a switch
module and at least two band-selecting branches, and
the at least two band-selecting branches are connected
in parallel. The band-switching module is configured to
selectively connect at least one of the at least two band-
selecting branches into a loop of the first conductive
branch through the switch module, to enable the first con-
ductive branch to radiate, based on the first current sig-
nal, the first frequency radio signal at different frequency
bands in a switchable manner.

[0015] Inthe antenna apparatus mentioned above, the
first conductive branch is equipped with the band-switch-
ing module, and at least one of the at least two band-
selecting branches is connected into the loop of the first
conductive branch through the switch module. As such,
an impedance matching performance of the first conduc-
tive branch may be adjusted by means of different band-
selecting branches, and the first conductive branch is
enabled to operate at different frequency bands. Thus,
the working frequency band of the first conductive branch
can be broadened, and the addition of a new conductive
branch is avoided for the addition of a different frequency
band, which enables a low cost and a small occupation
space of the antenna apparatus to a certain extent. Fur-
ther, in the antenna apparatus mentioned above, one
end of the band-switching module is connected to the
ground and the other end of the band-switching module
is directly connected to the first conductive branch. As
such, different band-selecting branches connected in
parallel are selectively connected into a loop, and differ-
ent connected states of the different band-selecting
branches can be utilized, which enables more working
frequency bands and high stability of frequency modula-
tion.

[0016] The technical schemes in the embodiments of
the present disclosure will be described clearly and com-
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prehensively, in combination with the drawings of the em-
bodiments of the present disclosure.

[0017] Referring to FIG. 1, the embodiments of the
present disclosure provide an antenna apparatus 100.
The antenna apparatus 100 includes an antenna body
10, a feeding module 30 and a band-switching module
50, where the feeding module 30 and the band-switching
module 50 each are connected to the antenna body 10.
The antenna body 10 is used to receive and radiate a
radio frequency signal. The feeding module 30 is used
to feed a current signal to the antenna body 10, so that
the antenna body 10 can generate a resonance to radiate
the radio frequency signal. The feeding module 30 is
adapted to be connected to and controlled by a main-
board of the electronic device. One end of the band-
switching module 50 is grounded, and the other end of
the band-switching module 50 is connected to the anten-
na body 10. The band-switching module 50 is configured
to make different impedance components connect into
the loop of the antenna apparatus 100, to enable the
antenna body 10 to radiate the frequency radio signal at
different frequency bands in a switchable manner.
[0018] Theantennabody 10includes afirst conductive
branch 14 and a second conductive branch 16. The first
conductive branch 14 and the second conductive branch
are spaced apart from each other, and a slot 12 is pro-
vided between the first conductive branch 14 and the
second conductive branch 16. It is understandable that,
in some embodiments, the slot 12 may be a gap provided
in the antenna body 10. For example, during preparation
of the antenna body 10, the slot 12 may be formed on a
base material of the antenna body 10 through cutting,
stamping or other processing, to divide the antenna body
10 into the first conductive branch 14 and the second
conductive branch 16. In other embodiments, the slot 12
may be a gap formed due to assembly of the antenna
body 10. For example, the antenna body 10 is formed by
assembling together the first conductive branch 14 and
the second conductive branch 16; and at the time of as-
sembling the first conductive branch 14 and the second
conductive branch 16, a predetermined distance is de-
fined there between, and thus the slot 12 is formed by a
space between the first conductive branch 14 and the
second conductive branch 16. The embodiments of the
present disclosure do not limit the formation of the slot
12, as long as itis ensured that the slot 12 is a gap in the
antenna body 10 and at least part of the structure of the
first conductive branch 14 is spaced apart from at least
part of the structure of the second conductive branch 16.
[0019] In some embodiments, the antenna body 10 is
provided with at least one slot 12 (for example, one, two,
or more slots 12), and the at least one slot 12 divides the
antenna body 10 at least into the first conductive branch
14 and the second conductive branch 16. In some em-
bodiments, as a part of the antenna apparatus, the slot
12 may be considered as a break gap, which may divide
the antenna body 10 into at least two conductive branch-
es. When the number of the slots 12 is N, the antenna
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body 10 may be divided into N+1 conductive branches.
In some embodiments, the slot 12 may be filled with air,
plastic and/or other dielectric medium. The slot 12 may
be in a straight shape, or may be in one or more curved
shapes. It is notable that the slot 12 may be provided at
any position of the antenna body 10. In the embodiments
of the present disclosure, the shape, size, and number
of the slot 12 as well as of the position of the slot 12 in
the antenna body 10 are not further limited.

[0020] The first conductive branch 14 includes a first
radiator 141 and a feeding point 143 provided on the first
radiator 141. The first feeding point 143 is used for con-
nection to the feeding module 30, to enable the first ra-
diator 141 to radiate the first radio frequency signal when
the feeding module 30 feeds the current signal. In some
embodiments, the first conductive branch 14 further in-
cludes a first ground terminal 145. The first ground ter-
minal 145 is connected to the first radiator 141, and is
adapted to be connected to a reference ground.

[0021] The second conductive branch 16 includes a
second radiator 161 and a second feeding point 163 pro-
vided on the second radiator 161. The second feeding
point 163 is used for connection to the feeding module
30, to enable the second radiator 161 to radiate a second
radio frequency signal when the feeding module 30 feeds
the current signal. The first radio frequency signal and
the second radio frequency signal are at different fre-
quency bands. In some embodiments, the second con-
ductive branch 16 further includes a second ground ter-
minal 165. The second ground terminal 165 is provided
on the second radiator 141, and is adapted to be con-
nected to the reference ground. Further, in the embodi-
ments of the present disclosure, the length of the second
conductive branch 16 is shorter than the length of the
first conductive branch 14, so that the second conductive
branch 16 and the first conductive branch 14 are used
to radiate the radio frequency signals at different frequen-
cy bands, respectively. For example, the second conduc-
tive branch 16 is configured to radiate a high band signal.
Further, in some embodiments, the first radiator 141 is
configured to make, under tuning of the band-selecting
module 50, the energy of the first radiator 141 pass
through the slot 12 to cause energy coupling with the
second radiator 161, so as to achieve tuning of the high
band signal. In this case, the width of the slot 12 may be
greater than or equal to 0.8mm and less than or equal to
1.5mm. For example, the width of the slot 12 may be
0.8mm, 0.9mm, 1.0mm, 1.1mm, 1.2mm, 1.3mm, 1.4mm,
1.5mm, and so on.

[0022] The feeding module 30 includes a first feed cir-
cuit 32 and a second feed circuit 34. The first feed circuit
32 feeds a first current signal to the first conductive
branch 14 via the first feeding point 143, to enable the
first radiator 141 of the first conductive branch 14 to ra-
diate the first radio frequency signal. The second feed
circuit 34 feeds a second current signal to the second
conductive branch 16 via the second feeding point 163,
to enable the second radiator 161 of the second conduc-
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tive branch 16 to radiate the second radio frequency sig-
nal.

[0023] One end of the band-selecting module 50 is
grounded, and the other end of the band-selecting mod-
ule 50 is connected to the first radiator 143. In the em-
bodiments of the present disclosure, the band-selecting
module 50 includes a switch module 52 and at least two
band-selecting branches 54. The at least two band-se-
lecting branches 54 are connected in parallel. The switch
module 52 is connected to the at least two band-selecting
branches 54. The band-switching module 50 is config-
ured to selectively connect at least one of the at least two
band-selecting branches 54 into a loop of the first con-
ductive branch 143 through the switch module 52, to en-
able the first radiator 143 to radiate, based on the first
current signal, the first frequency radio signal at different
frequency bands in a switchable manner.

[0024] In the embodiments of the present disclosure,
the first radio frequency signal is switchable to different
working frequency bands. For example, the first radio
frequency signal may include along-term evolution (LTE)
signal, and the working frequency band of the first radio
frequency signal may include at least two frequency
bands of LTE. The LTE signal may include a low band
(LB) signal, a middle band (MB) signal, and a high band
(HB) signal. In the embodiments of the present disclo-
sure, under the excitation of the first feed circuit 32, the
first radiator 141 of the first conductive branch 14 may
correspondingly radiate the low band signal of the LTE
signal. The frequency of the low band signal ranges from
703MHz to 960MHz. Under the excitation of the second
feed circuit 34, the second radiator 161 of the second
conductive branch 16 may correspondingly radiate the
middle band signal or the high band signal of the LTE
signal. That is, the second radio frequency signal may
include the high band (HB) signal and the middle band
(MB) signal of LTE. The frequency of the middle band
signal ranges from 1710MHz to 2170MHz, and the fre-
quency of the high band signal may range from 2300MHz
to 2690MHz.

[0025] Inthe antenna apparatus mentioned above, the
first conductive branch is equipped with the band-switch-
ing module, and at least one of the at least two band-
selecting branches is connected into the loop of the first
conductive branch through the switch module. As such,
an impedance matching performance of the first conduc-
tive branch may be adjusted by means of different band-
selecting branches, and the first conductive branch is
enabled to operate at different frequency bands. Thus,
the working frequency band of the first conductive branch
can be broadened, and the addition of a new conductive
branch is avoided for the addition of a different frequency
band, which enables a low cost and a small occupation
space of the antenna apparatus to a certain extent. Fur-
ther, in the antenna apparatus mentioned above, one
end of the band-switching module is connected to the
ground and the other end of the band-switching module
is directly connected to the first conductive branch. As
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such, different band-selecting branches connected in
parallel are selectively connected into a loop, and differ-
ent connected states of the different band-selecting
branches can be utilized, which enables more working
frequency bands and high stability of frequency modula-
tion.

[0026] Referring to FIG. 2, in some embodiments, the
at least two band-selecting branches 54 include a first
branch 541 and a second branch 543.0ne end of the first
branch 541 is grounded, and the other end of the first
branch is connected to the first radiator 141. The second
branch 543 is connected in parallel with the first branch
541. The first branch 541 is provided with an impedance
component having a different impedance value from that
of the second branch 543. In this way, when each of the
first and second branches is connected into the loop of
the first conductive branch 14, the impedance of the loop
is changed, so that the first conductive branch 14 is ad-
justed to have appropriate impedance matching, to radi-
ate the firstradio frequency signal at a required frequency
band. In some embodiments, the first branch 541 in-
cludes a first capacitor C1, and the second branch 543
includes a first inductor L1. The first capacitor C1 is con-
nected in parallel with the first inductor L1, and both of
them are controlled by the switch module 52. The switch
module 52 selectively connects the first capacitor C1
or/and the first inductor L1 into the loop of the first con-
ductive branch 14. A capacitance value of the first ca-
pacitor C1 and an inductance value of the first inductor
L1 may be set according to a specific working frequency
band of the first radio frequency signal, which are not
limited in the embodiments of the present disclosure.
[0027] Referring to FIG. 3, in some embodiments, the
at least two band-selecting branches 54 further include
a third branch 545 and a fourth branch 547. One end of
the third branch 545 is grounded, and the other end of
the third branch 545 is connected to the first radiator 141.
The fourth branch 547 is connected in parallel with the
third branch 545. Further, the fourth branch 547, the third
branch 545, the second branch 543, and the first branch
541 are connected in parallel with each other, and they
are all connected to the switch module 52. The fourth
branch 547 and the third branch 545 each are provided
with a different impedance component of a different im-
pedance value. In this way, when each of the third and
fourth branches is connected into the loop of the first
conductive branch 14, the impedance of the loop is
changed, so that the first conductive branch 14 is adjust-
ed to have appropriate impedance matching, to radiate
the first radio frequency signal of a required frequency
band. In some embodiments, the third branch 545 in-
cludes a second capacitor C2, and the fourth branch 547
includes a second inductor L2. The second capacitor C2,
the second inductor L2, the first capacitor C1 and the first
inductor L1 are connected in parallel, and they are all
controlled by the switch module 52. In the embodiment,
the capacitance value of the first capacitor C1 is different
from the capacitance value of the second capacitor C2.
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Further, the capacitance value of the first capacitor C1
may be larger than the capacitance value of the second
capacitor C2. The inductance value of the first inductor
L1 is different from the inductance value of the second
inductor L2. Further, the inductance value of the first in-
ductor L1 may be larger than the inductance value of the
second inductor L2. The switch module 52 selectively
connects at least one of the first capacitor C1, the first
inductor L1, the second capacitor C2, and the second
inductor L2 into the loop of the first conductive branch
14, to obtain the first radio frequency signal of the re-
quired frequency band. The capacitance value of the sec-
ond capacitor C2 and the inductance value of the second
inductance L2 may be set according to the specific work-
ing frequency band of the first radio frequency signal,
which are not limited in the embodiments of the present
disclosure.

[0028] Inthe embodiment, the switch module 52is con-
nected to the band-selecting branches 54, and is used
to control each of the band-selecting branches to be on
or off. The switch module 52 may be connected between
the band-selecting branches 54 and the first radiator 141,
or may also be connected between the band-selecting
branches 54 and the reference ground. In the embodi-
ment, the switch module 54 includes at least two switch-
es, and a one-to-one correspondence is provided be-
tween the at least two switches and the at least two band-
selecting branches 54. Each of the switches is connected
to one corresponding band-selecting branch 54, to con-
trol the corresponding band-selecting branch 54 to be on
or off. Specifically, in the embodiment illustrated in FIG.
3, the switch module may include a first switch K1, a
second switch K2, a third switch K3, and a fourth switch
K4. The first switch K1 is connected between the first
band-selecting branch 541 and the first radiator 141. The
second switch K2 is connected between the second
band-selecting branch 543 and the first radiator 141. The
third switch K3 is connected between the third band-se-
lecting branch 545 and the first radiator 141. The fourth
switch K4 is connected between the fourth band-select-
ing branch 547 and the first radiator 141. In the embod-
iment, each of the switches may be a single-pole single-
throw switch or an electronic switching tube, etc. Among
them, the electronic switching tube may be a MOS tran-
sistor, a transistor, etc. Specific components of the switch
module 54 are not further limited in the embodiments, as
long as the requirements of controlling the on or off of
the multiple band-selecting branches 54 can be met.
[0029] Basedonthe above band-switching module 50,
a situation where the band-switching module 50 switches
the working frequency band of the first conductive branch
14 is illustrated below by examples. In the embodiment,
the inductance of the first inductor L1 may range from
25nH to 45nH, the inductance of the second inductor L2
may range from 10nH to 25nH, the capacitance of the
first capacitor C1 may range from 0.5pF to 1.5pF, and
the capacitance of the second capacitor C2 may range
from 0.2pF to 0.7pF. When the first conductive branch
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14 isrequired to operate at a primary receive (PRX) band
of B5 (824-849MHz for uplink, and 869-894MHz for
downlink), all the band-selecting branches 54 are con-
trolled, through the switch module 52, to be off, or the
second capacitor C2 is controlled, through the third
switch K3, to be connected into the loop; and under the
excitation of the first current signal of the first feed circuit
32, the first radio frequency signal at the PRX band of
B5 may be obtained. When the first conductive branch
14 is required to operate at a diversity receive (DRX)
band of B5, the first inductor L1 is controlled, through the
second switch K2, to be connected into the loop; and
under the excitation of the first current signal of the first
feed circuit 32, the first radio frequency signal at the DRX
band of B5 may be obtained. When the first conductive
branch 14 is required to operate at a PRX band of B8
(880-915MHz for uplink, and 952-960MHz for downlink),
the second inductor L2 is controlled, through the fourth
switch K4, to be connected into the loop; and under the
excitation of the first current signal of the first feed circuit
32, the first radio frequency signal at the PRX band of
B8 may be obtained. When the first conductive branch
14 is required to operate at a DRX band of B8, the first
inductor L1 and the second inductor L2 are controlled,
through the second switch K2 and the fourth switch K4,
to be connected in parallel into the loop, and a total in-
ductance of 7.5nH-16nH is obtained; and under the ex-
citation of the first current signal of the first feed circuit
32, the first radio frequency signal at the DRX band of
B8 may be obtained. When the first conductive branch
14 is required to operate at a DRX band of B28, the sec-
ond capacitor C2 is controlled, through the third switch
K3, to be connected into the loop, and under the excita-
tion of the first current signal of the first feed circuit 32,
the first radio frequency signal at the DRX band of B28
may be obtained. When the first conductive branch 14 is
required to operate at a PRX band of B28, the first ca-
pacitor C1 and the second capacitor C2 are controlled,
through the first switch K1 and the third switch K3, to be
connected in parallel into the loop, and a total capaci-
tance of about 0.7pF-2.0pF is obtained; and under the
excitation of the first current signal of the first feed circuit
32, the first radio frequency signal at the PRX band of
B28 may be obtained.

[0030] It can be seen that, with the band-switching
module 50 provided in the embodiment, the first radio
frequency signal at LB may be obtained by means of the
different band-selecting branches 54, where each band,
such as B5, B8, and B28, of LB is subdivided into the
PRX band and the DRX band for tuning. Thus, by con-
necting, into the loop, at least one of the different band-
selecting branches 54 connected in parallel, sideband
performance of the antenna apparatus 100 can be im-
proved, and the LB bandwidth can be avoided from being
too narrow.

[0031] Further, in the embodiment, the band-switching
module 50 may also assist excitation of the coupling be-
tween the first conductive branch 14 and the second con-
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ductive branch 16. For example, the first radiator 141 is
configured to make, under the tuning of the band-select-
ing module 50, the energy of the first radiator pass
through the slot 12 to cause energy coupling with the
second radiator 161, so as to meet the resonance re-
quirements of the middle and high frequency bands. For
example, in a case where the antenna apparatus 100 is
adjusted to being in a 1/21. mode, the working frequency
band of the antenna apparatus 100 is further adjusted to
aband neararesonantpointofa 1/41 mode of the second
conductive branch 16, or to a band near a resonant point
of a 3/41x mode of the first conductive branch 14, so as
to obtain a mixed mode. This enables the bandwidth of
the second conductive branch 16 in the 1/4A mode and
the bandwidth of the first conductive branch 14 in the
3/4)\. mode to be widened, and the efficiency of the an-
tenna to be improved. Specifically, when the antenna ap-
paratus 100 is in the 1/2L mode, the first capacitor C1
and the second capacitor C2 are controlled, through the
first switch K1 and the third switch K3, to be connected
in parallel into the loop, to obtain the second radio fre-
quency signal of a B3 band (1710-1785MHz for uplink,
and 1805-1880MHz for downlink).

[0032] Referring to FIG. 4, FIG. 4 illustrating antenna
efficiency obtained when the mixed mode tuning is adopt-
ed to obtain the B3 band according to the embodiment,
and antenna efficiency obtained when a traditional single
mode is adopted to obtain the B3 band. It can be seen
that, when the B3 band is obtained in the mixed mode
by adopting the band-switching module 50 according to
the embodiment, the bandwidth is relatively wider, and
the efficiency is higher. As can be seen, the state of the
band-switching module 50 where the first capacitor C1
and the second capacitor C2 are connected in parallel
into the loop in this case, is the same as the state of the
band-switching module 50 for the PRX band of B28 men-
tioned above. That is, the state of the band-switching
module 50 may be multiplexed. Under the same state of
the band-switching module 50, resonances of two modes
can be obtained, which ensures that fewer components
are required for the antenna apparatus 100 in the em-
bodiments, and that the cost of the antenna apparatus
100 is relatively low.

[0033] Accordingly, when the antenna apparatus 100
is in the 1/2X mode, the first inductor L1 and the second
inductor L2 are controlled, through the second switch K2
and the fourth switch K4, to be connected in parallel into
the loop, so that mixing with the 3/41 mode of the first
conductive branch is available, and the second radio fre-
quency signal of a B41 band (2496Hz-2690MHz) is ob-
tained, which has a relatively wide bandwidth and high
efficiency. As can be seen, the state of the band-switch-
ing module 50 where the firstinductor L1 and the second
inductor L2 are connected in parallel into the loop in this
case, is the same as the state of the band-switching mod-
ule 50 of the DRX band of B8 mentioned above; this
enables the switch state of the band-switching module
50 to be multiplexed, and more carrier aggregation (CA)
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states are available. This is because that: the CA state
requires the antenna to support two or more bands at the
same time, and the antenna apparatus 100 provided in
embodiments of the present disclosure enables some
middle and high frequency bands to exist simultaneously
(for example, B3 and B1 exist simultaneously, B3 and
B41 exist simultaneously), and the multiplexing of the
switch state(s) enables a band of LB and a band of MHB
to exist simultaneously, thus more CA states are sup-
ported without increasing the cost. Other working fre-
quency bands may be obtained by adjusting different ca-
pacitors and inductors for connection into the circuits,
which will not be enumerated in the description.

[0034] Inthe antenna apparatus mentioned above, the
first conductive branch is equipped with the band-switch-
ing module, and at least one of the at least two band-
selecting branches is connected into the loop of the first
conductive branch through the switch module. As such,
by means of different band-selecting branches, the first
conductive branch is enabled to work at different frequen-
cy bands. Thus, the working frequency band of the first
conductive branch can be broadened, and the addition
of a new conductive branch is avoided for the addition of
a different frequency band, which enables a low cost and
a small occupation space of the antenna apparatus to a
certain extent. Moreover, the state(s) of the band-switch-
ing module may be multiplexed. Under the same state
of the band-switching module, resonances of two modes
can be obtained, which further ensures that fewer com-
ponents are required for the antenna apparatus in the
embodiments, and that the cost of the antenna apparatus
is relatively low.

[0035] Referring to FIG. 6, in some embodiments, the
antennaapparatus 100 furtherincludes a voltage division
circuit 60. The voltage division circuit 60 is connected to
the band-switching module 50, and is used to perform
voltage division on the circuit of the band-switching mod-
ule 50, to improve the voltage withstand ability of the
circuit, and to avoid adverse effect on the circuit caused
by low withstand voltage of the switch module 52. Further,
a first end of the voltage division circuit 60 is grounded,
and a second end of the voltage division circuit 60 is
connected to the circuit of the band-switching module 50.
For example, in some embodiments, the second end of
the voltage division circuit 60 may be connected to acom-
mon connection node of the switch module 52 and the
first radiator 141, and the first end of the voltage division
circuit may be directly grounded. In other embodiments,
the second end of the voltage division circuit 60 may be
connected to the common connection node of the switch
module 52 and the first radiator 141, and the first end of
the voltage division circuit 60 may be connected to a com-
mon connection node of the multiple band-selecting
branches 54 and the reference ground. In this case, it
may be considered that the voltage division circuit 60 is
connected in parallel with the band-switching module 50
(as illustrated in FIG. 6). It is understandable that "the
common connection node" in the embodiments of the
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present disclosure should be considered as a common
connection node of circuits, and it is not limited to one
physical node, but should be considered as points on the
circuits where the electronic potential thereof is appro-
priately the same.

[0036] In other embodiments (as illustrated in FIG. 7),
the second end of the voltage division circuit 60 may be
connected to the common connection node of the switch
module 52 and the first radiator 141, and the first end of
the voltage division circuit 60 is grounded through the
first inductor L1. That is, when the second switch K2 is
off, the voltage division circuit 60 is connected in series
with the first inductor L1, and then is the grounding. In
this way, the voltage division circuit 60 may occupy a
small footprint of a circuit board, which facilitates the wir-
ing of the circuit board. Of course, in some embodiments,
it is also possible that the second end of the voltage di-
vision circuit 60 may be connected to the common con-
nection node of the switch module 52 and the first radiator
141, and the first end of the voltage division circuit is
grounded through the second inductor L2. That is, when
the second switch K4 is off, the voltage division circuit
60 is connected in series with the second inductor L2,
and then is the grounding.

[0037] In the embodiments of the present disclosure,
the voltage division circuit 60 may include a component
such as aresistor or/and an inductor. In the embodiment,
the voltage division circuit 60 includes a voltage division
inductor LO. Afirst end of the voltage division inductor LO
is grounded, and a second end of the voltage division
inductor LO is connected to the circuit of the band-switch-
ing module 50. The inductance value of the voltage divi-
sion inductor is greater than or equal to 30nH, so as to
improve the voltage withstand ability of the band-switch-
ing module 50. Of course, in other embodiments, the spe-
cific inductance value of the voltage division inductor LO
may be adapted according to the inductance value of the
first inductor L1 or the second inductor L2 connected in
series with the voltage division inductor L0, which will not
be enumerated in the description.

[0038] It is understandable that the number of the
band-switching module 50 of the antenna apparatus 100
is not limited in the embodiments of the present disclo-
sure. For example, in the above embodiments, there is
one band-switching module 50, and the one band-switch-
ing module 50 is connected to the first conductive branch
14, to broaden the working frequency band of the first
conductive branch 14. Referring to FIG. 5, in some other
embodiments, there may be two band-switchingmodules
50; one of the two band-switching modules 50 may be
connected to the first conductive branch 14 to broaden
the working frequency band of the first conductive branch
14, and the other of the two band-switching modules 50
may be connected to the second conductive branch 16
to broaden the working frequency band of the second
conductive branch 16. Any of the two band-switching
modules 50 may have features provided by the above
embodiments, which will not to be repeated in the em-
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bodiment. For example, one of the two band-switching
modules 50 is connected to the first conductive branch
14, and the other one is connected to the second con-
ductive branch 16; the band-switching module 50 con-
nected to the second conductive branch 16 is configured
to connect at least one of the at least two band-selecting
branches 54 into the loop of the second conductive
branch 16 through the switch module 52, so as to enable
the second conductive branch 16 to operate at different
frequency bands. Further, a connection node between
the band-switching module 50 and the second conduc-
tive branch 16 is located between the second feeding
point 163 and the slot 12, to ensure the high reliability of
the band-switching module 50 in tuning.

[0039] In some other embodiments, when N slots 12
are provided in the antenna body 10, the N slots 12 divide
the antenna body 10 into N+1 conductive branches. For
each of the conductive branches, one corresponding
band-switching module 50 may be equipped, and the
band-switching module 50 is configured to connect at
least one of at least two band-selecting branches 54 into
a loop of the corresponding conductive branch through
the switch module 52, to enable the corresponding con-
ductive branch to operate at different frequency bands.
[0040] Referring to FIG. 8, in some embodiments, the
first feed circuit 32 includes a first feeding source 321.
Thefirst feeding source 321 is connected to the first feed-
ing point 143, so as to feed the first current signal into
the first conductive branch 14. Further, the first feed cir-
cuit 32 may further include a first matching sub-circuit
323 used to adjust the first radio frequency signal. The
first matching sub-circuit 323 is connected between the
first feeding source 321 and the first feeding point 143.
The first matching sub-circuit 323 may be used to adjust
an input impedance of the first radiator 141, so as to
improve the transmission performance of the first radiator
141. The first matching sub-circuit 323 may include a
combination of a capacitor and/or an inductor etc. In the
embodiments of the present disclosure, the specific com-
ponents of the first matching sub-circuit 323 is not further
limited. In the embodiment, the first feeding point 143 is
provided at the end of the first conductive branch 14 away
from the slot 12. It is understandable that, in other em-
bodiments, the parameter of the first matching sub-circuit
323 may affect the position where the first feeding point
143 is provided. For example, the first feeding point 143
may be provided at the end of the first conductive branch
14 close to the slot 12. The specific position of the first
feeding point 143 is related to a first matching circuit 241.
That is, the specific position of the first feeding point 143
may be set according to the first matching circuit 241.
[0041] In the embodiment, the second feed circuit 34
includes a second feeding source 341. The second feed-
ing source 341 is connected to the second feeding point
163, to feed the second current signal into the second
conductive branch 16. Further, the second feed circuit
34 may furtherinclude a second matching sub-circuit 343
used to adjust the second radio frequency signal. The
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second matching sub-circuit 343 is connected between
the second feeding source 341 and the second feeding
point 163. The second matching sub-circuit 343 may be
used to adjust an inputimpedance of the second radiator
161, so as to improve the transmission performance of
the second radiator 161. The second matching sub-cir-
cuit 343 may include a combination of a capacitor and/or
an inductor etc. In the embodiment, the specific compo-
nents of the second matching sub-circuit 343 is not further
limited. In the embodiment, the second feeding point 163
is provided at the end of the second conductive branch
16 away from the slot 12. It is understandable that, in
other embodiments, the parameter of the second match-
ing sub-circuit 343 may affect the position where the sec-
ond feeding point 163 is provided. For example, the sec-
ond feeding point 163 may be provided at the end of the
second conductive branch 16 close to the slot 12. The
specific position of the second feeding point 163 is related
to a second matching circuit 241. That is, the specific
position of the second feeding point 163 may be set ac-
cording to the second matching circuit 241.

[0042] Referring to FIG. 9, in some embodiments, the
first feed circuit 32 may further include a first filter sub-
circuit 325. The first filter sub-circuit 325 is connected
between the first matching sub-circuit 323 and the first
feeding point 143. The first filter sub-circuit 325 is used
to filter out radio signals at frequencies different from the
frequency of the first radio frequency signal, and it is in
an on state when the first radio frequency signal flows
through the first filter sub-circuit 325. In some embodi-
ments, the first filter sub-circuit 325 is a low-pass filter
sub-circuit. The low-pass filter sub-circuit may be con-
sidered as a circuit that is in an on state when the first
radio frequency signal passes through the first filter sub-
circuit 325, and it blocks a non-first radio frequency sig-
nal, whose frequency is higher than the frequency of the
first radio frequency signal, from passing through the first
filter sub-circuit 325. Specifically, the first filter sub-circuit
325 may include a third capacitor C3 and a third inductor
L3. A first end of the third capacitor C3 is connected with
each of a first end of the third inductor L3 and the first
feeding point 143, and the other end of the third capacitor
C3 is connected with the first matching sub-circuit 323.
A second end of the third inductor L3 is grounded.
[0043] In some embodiments, the second feed circuit
34 may further include a second filter sub-circuit 345.
The second filter sub-circuit 345 is connected between
the second matching sub-circuit 343 and the second
feeding point 163. The second filter sub-circuit 345 is
used to filter out radio signals at frequencies different
from the frequency of the second radio frequency signal,
and it is in an on state when the second radio frequency
signal flows through the second filter sub-circuit 345. In
some embodiments, the second filter sub-circuit 345 is
a high-pass filter sub-circuit. The high-pass filter sub-cir-
cuit may be considered as a circuit that is in an on state
when the second radio frequency signal passes through
the second filter sub-circuit 345, and it blocks a non-sec-
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ond radio frequency signal, whose frequency is lower
than the frequency of the second radio frequency signal,
from passing through the second filter sub-circuit 345.
Specifically, the second filter sub-circuit 345 may include
a fourth capacitor C4 and a fourth inductor L4. A firstend
of the fourth capacitor C4 is connected with each of a
first end of the fourth inductor L4 and the second feeding
point 163, and the other end of the fourth capacitor C4
is connected with the second matching sub-circuit 343.
A second end of the fourth inductor L4 is grounded.
[0044] Referringto FIG. 10, in some embodiments, the
antenna apparatus 100 may further include a matching
circuitmodule 70. One end of the matching circuit module
70 is grounded, and the other end of the matching circuit
module 70 is connected to the first conductive branch
14. Further, the matching circuit module 70 is connected
to the first radiator 141. A connection node of the match-
ing circuit module 70 and the first radiator 141 is located
between the first feeding point 143 and the connection
node of the band-switching module 50 and the first radi-
ator 141. As such, the matching circuit module 70 can
not only perform fine-tuning and correction on the fre-
quency band of the first radio frequency signal, but also
adjust a loop impedance of the first conductive branch
14, so as to improve the transmission performance of the
first radiator 141, while enabling the working frequency
band thereof to be wide and the adjustment to be more
reliable. In the embodiment, the matching circuit module
70 may include a combination of a capacitor and/or an
inductor, etc., and after the adjustment of the antenna
apparatus 100, parameters of the capacitor and/or the
inductor are not changed with the working frequency
band of the antenna apparatus 100, so as to ensure that
the matching circuit module 70 can reliably improve the
impedance matching performance of the first radiator
141, thus enabling excellent signal transmission perform-
ance of the antenna apparatus 100.

[0045] ReferringtoFIG. 11,in some embodiments, the
matching circuit module 70 may include a matching ca-
pacitor C5, a first matching inductor L5 and a second
matching inductor L6. A first end of the second matching
inductor L6 is connected to the first radiator 141, and a
second end of the second matching inductor L6 is
grounded. The matching capacitor C5 is connected in
series with the first matching inductor L5 and then they
as a whole are connected in parallel at both ends of the
second matching inductor L6. That is, a first end of the
first matching inductor L5 is connected to the first end of
the second matching inductor L6, and a second end of
the first matching inductor L5 is connected to a first end
of the matching capacitor C5; and a second end of the
matching capacitor C5 is connected to the second end
of the second matching inductor L6. Among them, the
capacitance value of the matching capacitor C5 may
range from 0.5 pF to 2.7pF, the inductance value of the
first matching inductance L5 may range from 1nH to
5.1nH, and the inductance value of the second matching
inductance L6 may range from 5.6nH to 20nH. By pro-
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viding the matching circuit module 70 on the first radiator
141, and making the connection node of the matching
circuit module 70 and the first radiator 141 located be-
tween the first feeding point 143 and the second feeding
point 163, the isolation between the two feeding points
can beimproved, and better signal transmission perform-
ance of the antenna apparatus 100 is enabled.

[0046] ReferringtoFIG. 12, in some embodiments, the
first conductive branch 14 may include a first feeding part
147. The first feeding part 147 is connected between the
first radiator 141 and the first feed circuit 32. The first
feeding point 143 may be provided at the first feeding
part 147; for example, it is provided at an end of the first
feeding part 147 away from the first radiator 141, or pro-
vided at a coupling point of the first feeding part 147 and
the first radiator 141. The first feeding part 147 may be
a conductive clip or screw. Specifically, the first feeding
point 143 may be connected to the first feed circuit 32
through the conductive clip or screw. The first feed circuit
32 may feed, through the clip or screw, the first current
signal into the first conductive branch 14 via the first feed-
ing point 143, for generation of the radiation; accordingly,
the firstradio frequency signal may be radiated at multiple
different working frequency bands. The first conductive
branch 14 may further include a first grounding part 149
connected to the first radiator 141. The first ground ter-
minal 145 is provided at the first grounding part 149. The
first ground terminal 145 may be connected with the ref-
erence ground through the first grounding part 149, for
connection to the ground. The first grounding part 149
may be a clip, a screw or other electrical conductors, or
may be a flexible circuit board. The first grounding part
149 may further be a connection arm made of the same
material as the first conductive branch 14. Exemplary,
the first grounding part 149 and the first conductive
branch 14 may be integrated to simplify the structure of
the antenna apparatus 100.

[0047] In the embodiment, the second conductive
branch 16 may include a second feeding part 167. The
second feeding part 167 is connected between the sec-
ond radiator 161 and the second feed circuit 34. The sec-
ond feeding point 163 may be provided at the second
feeding part 167; for example, it is be provided at an end
of the second feeding part 167 away from the second
radiator 161, or be provided at a coupling point of the
second feeding part 167 and the second radiator 161.
The second feeding part 167 may be a conductive clip
or screw. Specifically, the second feeding point 163 may
be connected to the second feed circuit 32 through the
conductive clip or screw. The second feed circuit 32 may
feed, through the clip or screw, the second current signal
into the second conductive branch 16 via the second
feeding point 163, for generation of the radiation; accord-
ingly, the second radio frequency signal may be radiated
at multiple different working frequency bands. The sec-
ond conductive branch 16 may further include a second
grounding part 169 connected to the second radiator 161.
The second ground terminal 165 is provided at the sec-
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ond grounding part 169. The second ground terminal 165
may be connected with the reference ground through the
second grounding part 169, for connection to the ground.
The second grounding part 169 may be a clip, a screw
and other electrical conductors, or may be a flexible cir-
cuit board. The second grounding part 169 may further
be a connection arm made of the same material as the
second conductive branch 16. Exemplary, the second
grounding part 169 and the second conductive branch
16 may be integrated to simplify the structure of the an-
tenna apparatus 100.

[0048] In the above antenna apparatus, the first con-
ductive branch is equipped with the band-switching mod-
ule, and at least one of the at least two band-selecting
branches is connected into the loop of the first conductive
branch through the switch module. As such, by means
of different band-selecting branches, the first conductive
branch is enabled to work at different frequency bands.
Thus, the working frequency band of the first conductive
branch can be broadened, and the addition of a new con-
ductive branch is avoided for the addition of a different
frequency band, which enables a low cost and a small
occupation space of the antenna apparatus to a certain
extent.

[0049] Referring to FIG. 13, an electronic device 400
is further provided in the embodiments of the present
disclosure. The electronic device 400 may be, but is not
limited to, a mobile phone, a tablet, a laptop, a palmtop,
a mobile Internet device (MID), a wearable device (such
as a smart watch, a smart bracelet, a pedometer) or other
communication devices that may be equipped with an
antennae apparatus. It is illustrated in the embodiment
by taking, as an example, a case where the electronic
device 400 is a mobile phone.

[0050] The electronic device 400 includes a casing
1001, a display 1003, and an antenna apparatus 1004,
where the display 1003 and the antenna apparatus 1004
are provided on the casing 1001. It is understandable
that, in the description of the present disclosure, an ori-
entational or positional relationship indicated by the term,
such as "up", "down", "front", "back", "left", "right", and
"in", is the orientational or positional relationship shown
based on the drawings; this is merely simplified for facil-
itating the description of the present disclosure, and it
does not indicate or imply that a device or component
referred to must be in a specific orientation, or construct-
ed and operated in a specific orientation; thus, this should
not be considered as limitation of the present disclosure.
[0051] In the embodiment, the display 1003 generally
includes a display panel, and may also include a circuit
responsive to a touch operation performed on the display
panel. The display panel may be a liquid crystal display
(LCD). Insome embodiments, the display panel may also
serve as a touch display. In the description of the present
disclosure, the description given with reference to terms
"an embodiment", "some embodiments", "other embod-
iments" or the like, means that specific features, struc-
tures, materials or characteristics described in combina-
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tion with the embodiment(s) or example(s) are included
in at least one embodiment or example of the present
disclosure. In the specification, a schematic representa-
tion of a term is not necessarily for same embodiments
or examples. Furthermore, specific features, structures,
materials, or characteristics described may be combined
in an appropriate manner in any or more embodiments
or examples. In addition, those skilled in the art may com-
bine different embodiments or examples described in the
specification and may combine features of the different
embodiments or examples, without contradiction.
[0052] Specifically, in the embodiments of the present
disclosure, the casing 1001 includes a rear casing 1010
and a middle frame 1011. The rear casing 1010 and the
display 1003 are respectively provided on opposite sides
of the middle frame 1011.

[0053] ReferringtoFIG. 14,the middle frame 1011 may
be of an integrally formed structure. The middle frame
may be divided, in terms of structure, into a bearing part
1012 and a boundary frame 1013 surrounding the bear-
ing part 1012. It is understandable that, the terms "bear-
ing part" and "boundary frame" are only named for con-
venience of description. The structures filled with slashes
as illustrated in the drawings is merely for the purpose
of distinction, and they do not represent the actual struc-
tures of the bearing part and the boundary frame. There
may not be a clear dividing line between the bearing part
and the boundary frame, or each of them may be assem-
bled together from two or more components. The naming
of the "bearing part" and the "boundary frame" should
not limit the structure of the middle frame 1011. The bear-
ing part 1012 is used to bear a part of the structure of the
display 1003, and to bear or install electronic components
of the electronic device 200, such as a mainboard 1005,
abattery 1006, and a sensor module 1007. The boundary
frame 1013 is connected to a periphery of the bearing
part 1012. Further, the boundary frame 1013 is provided
around the outer periphery of the bearing part 1012, and
protrudes relative to a surface of the bearing part 1012,
so that a space for accommodating electronic compo-
nents is formed between the boundary frame 1013 and
the bearing part 1012. In the embodiments, the display
1013 is covered on the boundary frame 1013, and an
exterior surface of the electronic device 400 is formed by
the boundary frame 1013, the rear casing 1010, and the
display 1003 jointly.

[0054] In the embodiment, the antenna apparatus
1004 may be any of the antenna apparatus 100 provided
in the above embodiments, or may have any of the fea-
tures mentioned in the above embodiments or any com-
bination of the features; reference may be made to the
above embodiments for the relevant features, which are
not repeated in the embodiment. The antenna apparatus
1004 is integrated in the casing 1001. For example, the
antenna apparatus 1004 may be provided in the middle
frame 1011, or may also be provided in the rear casing
1010, which is not limited in the description. Similar to
the above antenna apparatus 100, the antenna appara-
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tus 1004 in the embodiment may include the antenna
body 10 as well as the feeding module 30 and the band-
switching module 50 which are connected to the antenna
body 10. The antenna body 10 may include the first con-
ductive branch 14 and the second conductive branch.
The antenna body 10 is provided in the middle frame
1011. The feeding module 30 may be connected to the
mainboard 1005. The first ground terminal 145 and the
second ground terminal 165 may be connected to atleast
one of the mainboard 1005, the bearing part 1012 and
the rear casing 1010.

[0055] Further, in the embodiments illustrated in FIG.
14, the boundary frame 1013 is made of metal (the ma-
terial of the boundary frame 1013 includes metal). For
example, the material of the boundary frame 1013 may
include aluminum alloy, magnesium alloy, etc. The an-
tenna apparatus 1004 is integrated into the boundary
frame 1013. In the embodiment, a slot 1014 is provided
in the boundary frame 1013. The slot 1014 is communi-
cated with the outside, and divides the boundary frame
1013 into two parts. The antenna apparatus 1004 is in-
tegrated into a part of the boundary frame 1013. The slot
1014 is the slot 12 in the above embodiments. Thus, the
boundary frame 1013 made of metal is used as a part of
the radiator of the antenna apparatus 1004, which is ben-
eficial to reduce the space within the electronic device
400, and also provide a larger clear space for the antenna
apparatus 1004, thereby being helpful to ensure a high
radiation efficiency.

[0056] Inthe embodiment, a gap is provided between
the bearing part 1013 and a part of the boundary frame
1013 serving as the antenna body 10. The gap is com-
municated with the slot 1014, so that the bearing part
1012 and a ground terminal of the radiator 12 (such as
the radiator of the second conductive branch 16 or the
radiator of the first conductive branch 14) are spaced
apart from each other, to avoid the bearing part 1012
from affecting the resonant frequency of the radiator. Fur-
ther, a non-shielding body 1015 may be provided in the
slot 1014. The non-shielding body 1015 is made of non-
metal (such as resin), which has a characteristic of al-
lowing an electromagnetic wave signal to pass there-
through, to enable signal transmission of the antenna
apparatus 1004. An outer surface of the non-shielding
body 1015 is flush with the outer surface of the boundary
frame 1013, to ensure the integrity of the appearance of
the electronic device 400.

[0057] In some other embodiments, the boundary
frame 1013 may be made of nonmetal, and the antenna
apparatus 100 may be integratedinto the boundary frame
1013. For example, the boundary frame 1013 may be
made of plastic, resin or other materials. The antenna
body 10 of the antenna apparatus 100 may be integrated
into the boundary frame 1013 by means of over molding
(for example, the overall antenna body 10 is embedded
inside the boundary frame 1013), and may also be inte-
grated into the boundary frame 1013 by means of attach-
ing (for example, the antenna body 10 is attached to a
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surface of the boundary frame 1013).

[0058] In some embodiments, the boundary frame
1013 may be arounded rectangular frame. The boundary
frame 1013 may include a first boundary frame and a
third boundary frame arranged opposite to each other,
and a second boundary frame and a fourth boundary
frame arranged opposite to each other, where the second
boundary frame is connected with each of the first bound-
ary frame and the third boundary frame. The first bound-
ary frame may be considered as a top boundary frame
of the electronic device 400, the third boundary frame
may be considered as a bottom boundary frame of the
electronic device 400, and the second boundary frame
and the fourth boundary frame may be considered as
side boundary frames of the electronic device 400. A part
or all of the antenna apparatus 1004 may be formed by
a part of the boundary frame 1013. Exemplarily, the an-
tenna body 10 of the antenna apparatus 1013 may be
partially or completely integrated in at least one of the
top boundary frame, the bottom boundary frame and the
side boundary frames of the electronic device 400.
[0059] Inthe antenna apparatus and the electronic de-
vice provided by the embodiments of the disclosure men-
tioned above, the first conductive branchis equipped with
the band-switching module, and at least one of the at
least two band-selecting branches is connected into the
loop of the first conductive branch through the switch
module. As such, an impedance matching performance
of the first conductive branch may be adjusted by means
of different band-selecting branches, and the first con-
ductive branch is enabled to operate at different frequen-
cy bands. Thus, the working frequency band of the first
conductive branch can be broadened, and the addition
of a new conductive branch is avoided for the addition of
a different frequency band, which enables a low costand
a small occupation space of the antenna apparatus to a
certain extent. Further, the at least two band-selecting
branches are connected in parallel, and at least one of
the atleast two band-selecting branches may be selected
so as to be connected into the loop of the first conductive
branch. For example, multiple band-selecting branches
are connected into the loop of the first conductive branch
at the same time, or a single band-selecting branch is
separately connected into the loop of the first conductive
branch. These band-selecting branches may be connect-
ed into the loop in different combinations, so as to make
full use of the combinations of the band-selecting branch-
es. This enables the first conductive branch to operate
at more different frequency bands, while ensuring a small
number of the band-selecting branches, and further re-
duces the cost of the antenna apparatus.

[0060] Itis notable that, in the description of the present
disclosure, when one component is considered to be
"provided" on another component, it may be connected
to or directly provided on the another component, or a
middle component may exist at the same time (i.e. the
two are connected indirectly). When one component is
considered to be "connected" to another component, it
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may be directly connected to the another component, or
a middle component may exist at the same time, i.e., the
two components may be connected indirectly.

[0061] In the description, the described specific fea-
tures or characteristics may be combined in any one or
more embodiments or examples in an appropriate man-
ner. In addition, those skilled in the art may combine the
different embodiments or examples described in the
specification and combine the features of the different
embodiments or examples, without contradiction. Finally,
it is notable that, the above embodiments are merely in-
tended to illustrate the technical schemes of the present
disclosure, rather than limiting the present disclosure.
Although the disclosure has been described in detail with
reference to the foregoing embodiments, those skilled in
the art should understand that they may still modify the
technical schemes described in the foregoing embodi-
ments, or make an equivalent substitution to part of the
technical features thereof. These modifications and sub-
stitutions do not render the essence of the corresponding
technical scheme to depart from the spirit and scope of
the embodiments of the present disclosure.

Claims
1. An antenna apparatus, comprising:

an antenna body, comprising a first conductive
branch and a second conductive branch, where-
in a slotis provided between the first conductive
branch and the second conductive branch;
wherein a first feeding point is provided on the
first conductive branch, and a second feeding
point is provided on the second conductive
branch;

a feeding module, comprising a first feed circuit
and a second feed circuit; wherein the first feed
circuitis connected to the first feeding point, and
is configured to feed a first current signal to the
first conductive branch via the first feeding point,
to enable the first conductive branch to radiate
a first radio frequency signal; the second feed
circuit is connected to the second feeding point,
and is configured to feed a second current signal
to the second conductive branch via the second
feeding point, to enable the second conductive
branch to radiate a second radio frequency sig-
nal; and

a band-switching module, wherein one end of
the band-switching module is connected to the
first conductive branch, and the other end of the
band-switching module is grounded; a connec-
tion node of the band-switching module and the
first conductive branch is located between the
first feeding point and the slot; the band-switch-
ing module comprises a switch module and at
least two band-selecting branches, and the at
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least two band-selecting branches are connect-
ed in parallel; the band-switching module is con-
figured to selectively connect at least one of the
at least two band-selecting branches into a loop
of the first conductive branch through the switch
module, to enable the first conductive branch to
radiate, based on the first current signal, the first
frequency radio signal at different frequency
bands in a switchable manner.

The antenna apparatus of claim 1, wherein the at
least two band-selecting branches comprise a first
branch and a second branch; the first branch com-
prises afirst capacitor, the second branch comprises
a first inductor, and the first capacitor and the first
inductor are connected in parallel.

The antenna apparatus of claim 2, wherein the at
least two band-selecting branches further comprise
a third branch and a fourth branch; the third branch
comprises a second capacitor, the fourth branch
comprises a second inductor, and the first capacitor,
the first inductor, the second capacitor and the sec-
ond inductor are connected in parallel.

The antenna apparatus of claim 3, wherein a capac-
itance value of the first capacitor is different from a
capacitance value of the second capacitor; and an
inductance value of the first inductor is different from
an inductance value of the second inductor.

The antenna apparatus of any one of claims 1 to 4,
wherein the switch module comprises at least two
switches, and a one-to-one correspondence is pro-
vided between the at least two switches and the at
least two band-selecting branches; each of the
switches is connected to one corresponding band-
selecting branch, to control the corresponding band-
selecting branch to be on or off.

The antenna apparatus of any one of claims 1 to 5,
wherein the antenna apparatus further comprises a
voltage division circuit, a first end of the voltage di-
vision circuit is grounded, and a second end of the
voltage division circuit is connected to the band-
switching module.

The antenna apparatus of claim 6, wherein the volt-
age division circuit comprises a voltage division in-
ductor, a first end of the voltage division inductor is
grounded, and a second end of the voltage division
inductor is connected to the band-switching module.

The antenna apparatus of any one of claims 1 to 7,
wherein the antenna apparatus further comprises a
matching circuit module configured to adjust the first
radio frequency signal, one end of the matching cir-
cuit module is grounded, and the other end of the
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matching circuit module is connected to the first con-
ductive branch.

The antenna apparatus of claim 8, wherein a con-
nection node of the matching circuit module and the
first conductive branch is located between the first
feeding point and the connection node of the band-
switching module and the first conductive branch.

The antenna apparatus of claims 8 or 9, wherein the
matching circuit module comprises a matching ca-
pacitor, a first matching inductor, and a second
matching inductor; a first end of the sixth capacitor
is connected to the first conductive branch, and a
second end of the sixth capacitor is grounded; the
fifth capacitor and the fifth inductor are connected in
series and then they are connected in parallel at both
ends of the sixth capacitor.

The antenna apparatus of any one of claims 1 to 10,
wherein the band-switching module comprises two
band-switching modules, one of the two band-
switching modules is connected to the first conduc-
tive branch, and the other one of the two band-
switching modules is connected to the second con-
ductive branch; the band-switching module connect-
ed to the second conductive branch is configured to
connect at least one of the at least two band-select-
ing branches into a loop of the second conductive
branch, to enable the second conductive branch to
operate at different frequency bands.

The antenna apparatus of claim 11, wherein a con-
nection node of the band-switching module and the
second conductive branch is located between the
second feeding point and the slot.

The antenna apparatus of any one of claims 1 to 12,
wherein the first conductive branch comprises a first
radiator and a first ground terminal; the first feeding
point is provided at the first radiator, one end of the
first ground terminal is grounded, and the other end
of the first ground terminal is connected to the first
radiator; and

the second conductive branch comprises a second
radiator and a second ground terminal; the second
feeding pointis provided at the second radiator, one
end of the second ground terminal is grounded, and
the other end of the second ground terminal is con-
nected to the second radiator.

The antenna apparatus of claim 13, wherein the first
conductive branch further comprises a first feeding
part, the first feeding part is connected between the
first radiator and the first feed circuit, and the first
feeding point is provided at the first feeding part;

the second conductive branch further comprises a
second feeding part, the second feeding part is con-

10

15

20

25

30

35

40

45

50

55

14

EP 4 254 659 A1

15.

16.

17.

18.

19.

20.

26

nected between the second radiator and the second
feed circuit, and the second feeding point is provided
at the second feeding part.

The antenna apparatus of any one of claims 1 to 14,
wherein the first feed circuit comprises a first feeding
source, the first feeding source is connected to the
first feeding point and is configured to feed the first
current signal to the first conductive branch; and
the second feed circuit comprises a second feeding
source, the second feeding source is connected to
the second feeding point and is configured to feed
the second current signal to the second conductive
branch.

The antenna apparatus of claim 15, wherein the first
feed circuit further comprises a first matching sub-
circuit and a first filter sub-circuit; the first matching
sub-circuit is connected between the first feeding
source and the first feeding point, and is configured
to adjust an input impedance of the first conductive
branch; and the first filter sub-circuit is connected
between the first matching sub-circuit and the first
feeding point; and

the second feed circuit further comprises a second
matching sub-circuit and a second filter sub-circuit;
the second matching sub-circuit is connected be-
tween the second feeding source and the second
feeding point, and is configured to adjust an input
impedance of the second conductive branch; and
the second filter sub-circuit is connected between
the second matching sub-circuit and the second
feeding point.

An electronic device, comprising a casing and the
antenna apparatus of any one of claims 1 to 16, the
antenna apparatus being integrated into the casing.

The electronic device of claim 17, wherein the casing
comprises a bearing part and a boundary frame con-
nected to a periphery of the bearing part, the slot is
provided in the boundary frame, and the antenna
apparatus is integrated into the boundary frame.

An electronic device, comprising a boundary frame
and the antenna apparatus of any one of claims 1 to
16, wherein a material of the boundary frame com-
prises metal, the boundary frame is provided with a
slot, the slot of the boundary frame divides the
boundary frame into two parts, the antenna appara-
tus is integrated into the boundary frame, the slot of
the boundary frame is the slot between the first con-
ductive branch and the second conductive branch.

The electronic device of claim 19, wherein a non-
shielding body is provided in the slot, and the non-
shielding body is configured for transmission of an
electromagnetic wave signal.
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