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Description

[0001] This application claims priority to Chinese Pat-
ent Application No. 202111340312.3, filed with the China
National Intellectual Property Administration on Novem-
ber 12, 2021 and entitled "TERMINAL ANTENNA SYS-
TEM AND ELECTRONIC DEVICE", which is incorporat-
ed herein by reference in its entirety.

TECHNICAL FIELD

[0002] This application relates to the field of antenna
technologies, and in particular, to a terminal antenna sys-
tem and an electronic device.

BACKGROUND

[0003] With development of electronic devices, the
number of antennas in an electronic device is increasing.
In addition, space for disposing antennas in an electronic
device becomes increasingly limited. This inevitably
leads to adjacent disposing of antennas.

[0004] The adjacentdisposing of antennas may cause
mutual impact between antennas, resulting in degrada-
tion of antenna performance.

SUMMARY

[0005] Embodiments of this application provide a ter-
minal antenna system and an electronic device, to effec-
tively reduce mutual impact between adjacent antennas
through a shared ground point design. In addition, a new
mode can be further excited through a distributed capac-
itor design, to increase bandwidth of a single-frequency
antenna. In addition, hardware costs can be reduced.
Therefore, a wireless communication function of an elec-
tronic device can be better supported.

[0006] To achieve the foregoing objective, the follow-
ing technical solutions are used in the embodiments of
this application:

[0007] According to a first aspect, a terminal antenna
system is provided. The terminal antenna system is dis-
posed in an electronic device, and the terminal antenna
system includes: a first radiator and a second radiator,
where a first end of the first radiator is coupled to a first
end of the second radiator through a gap. A first feed
point is provided at a second end, away from the second
radiator, of the first radiator, and a first ground point is
further provided on the first radiator. A second feed point
is provided at a second end of the second radiator, and
the second end of the second radiator is an end away
from the first radiator.

[0008] Based on this solution, a terminal antenna sys-
tem solution with a co-body antenna design is provided.
In this example, two adjacent antennas are a left-handed
antenna for implementing a GPS antenna and an IFA
antenna covering N41 and N78 frequency bands. A
ground point at an end of the left-handed antenna and a
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ground point of the IFA antenna may be a same ground
point, namely, the first ground point in this solution. In
addition, effects of a distributed capacitor are achieved
through the gap, so thata CM mode and a DM mode can
be used to replace an original radiation mode on the IFA
antenna to achieve better radiation effects. In addition,
effects of a distributed capacitor are achieved through
the gap, and a radiator corresponding to one electrode
of the distributed capacitor can further expand a radiator
area of the GPS antenna. In addition, a new mode is
excited to extend left-handed and increase coverage
bandwidth of the GPS antenna, to reduce a requirement
for uniformity in mass production.

[0009] In a possible design, the first radiator includes
a first portion and a second portion, the first portion and
the second portion are connected in an L shape, the gap
is provided between the second portion and the second
radiator, and the first ground point is provided on the first
portion. Based on this solution, a specific distribution form
of the first radiator on the electronic device is provided.
In this example, the first radiator may be divided into the
first portion and the second portion based on arrange-
ment in different directions on the electronic device. For
example, the first portion may be disposed at a top edge,
and the second portion may be disposed at a side edge.
[0010] In a possible design, a first distance (Y2) is set
tobe within arange of 2mmto 4 mm, and the firstdistance
(Y2) is a distance between the first portion of the first
radiator and a reference ground. A first length (Y3) is set
to be within a range of 5 mmto 15 mm, and the first length
(Y3) is a length of the second portion of the first radiator.
A width (X2) of the gap is set to be within a range of 0.2
mm to 1.2 mm. Based on this solution, ranges of three
key sizes in this solution are limited. For example, a dis-
tance between a radiator of the left-handed antenna dis-
posed at the top and the reference ground is Y2, and Y2
is set to be within the foregoing range, so that an equi-
librium mode can be well excited to increase left-handed
resonance bandwidth. A length Y3 of a radiator that is
disposed at a side edge and that is connected to the left-
handed antenna may be set to be within the foregoing
range, to implement tuning of resonance at the N41 fre-
quency band. A width X2 of a gap provided at a side edge
may be set to be within the foregoing range, to implement
tuning ofresonance atthe N41 and N78 frequency bands.
[0011] In a possible design, the terminal antenna sys-
tem includes a first antenna and a second antenna, and
aradiator of thefirstantennais thefirstradiator. Aradiator
of the second antenna includes: the second radiator, the
second portion of the first radiator, and a radiator between
the second portion and the first ground point on the first
radiator. Based on this solution, specific logical division
of the antenna system is provided. For example, the an-
tenna system may be divided into two antennas for re-
spectively implementing GPS coverage and NR frequen-
cy band coverage.

[0012] In a possible design, a capacitor is further dis-
posed between the first feed point and the first radiator,
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and the capacitor is configured to excite a left-handed
mode of the first antenna. Based on this solution, a pos-
sible example of implementing a radiation mechanism of
the first antenna is provided. For example, series capac-
itors may be used to excite a left-handed mode on the
first antenna.

[0013] Inapossible design, when the terminal antenna
system operates, the first antenna covers a first frequen-
cy band, the second antenna covers a second frequency
band and a third frequency band, and a resonance po-
sition of the second frequency band is lower than that of
the first frequency band. Based on this solution, an op-
erating status of the terminal antenna system is de-
scribed. For example, the first antenna may be config-
ured to cover a frequency band, for example, a GPS fre-
quency band. For another example, the second antenna
may be configured to cover two frequency bands, for ex-
ample, N41 and N78.

[0014] In a possible design, the width X2 of the gap is
used for adjusting resonance positions of the second fre-
quency band and the third frequency band. The first
length Y3 is used for adjusting the resonance position of
the second frequency band. Based on this solution, an
example for adjusting the resonance positions corre-
sponding to the first frequency band and the second fre-
quency band is provided. For example, X2 and/or Y3 may
be adjusted to accurately adjustthe resonance positions.
[0015] In a possible design, a mode in which the first
antenna covers the first frequency band includes the left-
handed mode and an equilibrium mode, and the first dis-
tance Y2 is used for adjusting a resonance position of
the equilibrium mode. Based on this solution, a mecha-
nism of increasing bandwidth by the first antenna is de-
scribed. For example, when the first antenna is a GPS
antenna, the first antenna provided in this embodiment
of this application can excite the left-handed mode to
cover the GPS frequency band, and can also increase
bandwidth of the left-handed mode through the equilib-
rium mode. In some implementations, the equilibrium
mode can be excited and adjusted through adjustment
of Y2.

[0016] In a possible design, the first frequency band
includes the GPS frequency band, the second frequency
band includes 2.5 GHz to 2.7 GHz, and the third frequen-
cy band includes 3.3 GHz to 3.8 GHz. Based on this
solution, frequency bands covered by the antenna sys-
tem are limited. For example, the first frequency band
may include the GPS frequency band, and the GPS fre-
quency band includes 1575 MHz and/or positioning fre-
quency bands required by positioning systems such as
BeiDou and/or Galileo. The second frequency band and
the third frequency band may include the N41 frequency
band and the N78 frequency band respectively.

[0017] In a possible design, the terminal antenna sys-
temis disposed ata corner ofthe electronic device, where
the first portion of the first radiator is disposed at the top
or bottom of the electronic device, and the second portion
of the first radiator and the second radiator are disposed
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on a side of the electronic device; or the first portion of
the first radiator is disposed on a side of the electronic
device, and the second portion of the first radiator and
the second radiator are disposed at the top or bottom of
the electronic device. Based on this solution, a position
for disposing the terminal antenna system is provided.
The terminal antenna system may be disposed at a cor-
ner of the electronic device (for example, a mobile
phone), to obtain a good radiation environment.

[0018] According to a second aspect, an electronic de-
vice is provided. The electronic device is provided with
the terminal antenna system according to any one of the
first aspect or the possible designs of the first aspect.
When the electronic device transmits or receives a signal,
the signal is transmitted or received through the terminal
antenna system.

[0019] It should be understood that technical features
of the technical solution provided in the second aspect
can all correspond to the terminal antenna system pro-
vided in the first aspect and the possible designs of the
first aspect, and therefore similar beneficial effects can
be achieved. Details are not described herein again.

BRIEF DESCRIPTION OF DRAWINGS
[0020]

FIG. 1 is a schematic diagram of positions of two
adjacent antennas disposed in a mobile phone;
FIG. 2 is a schematic diagram of simulation of an
antenna at a position shown in FIG. 1;

FIG. 3 is a schematic diagram of simulation of an-
other antenna at a position shown in FIG. 1;

FIG. 4 is a schematic diagram of comparison be-
tween two antenna systems;

FIG. 5 is a schematic diagram of comparison be-
tween simulation of S-parameters of the two antenna
systems shown in FIG. 4;

FIG. 6 is a schematic diagram of a composition of
an electronic device according to an embodiment of
this application;

FIG. 7 is a schematic structural diagram of an an-
tenna solution according to an embodiment of this
application;

FIG. 8 is a schematic diagram of size marking of an
antenna solution according to an embodiment of this
application;

FIG. 9is a schematic diagram of division an antenna
solution according to an embodiment of this applica-
tion;

FIG. 10 is a schematic diagram of simulation of S-
parameters and currents of an antenna solution ac-
cording to an embodiment of this application;

FIG. 11 is a schematic diagram of simulation of S-
parameters and currents of an antenna solution ac-
cording to an embodiment of this application;

FIG. 12 is a schematic diagram of comparison be-
tween S-parameters of an antenna solution and a
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convention solution according to an embodiment of
this application;

FIG. 13 is a schematic diagram of comparison be-
tween S-parameters of an antenna solution and a
convention solution according to an embodiment of
this application;

FIG. 14 is a schematic diagram of comparison be-
tween antenna systems according to an embodi-
ment of this application; and

FIG. 15 is a schematic diagram of simulation of S-
parameters of two antenna systems with the com-
position shown in FIG. 14 according to an embodi-
ment of this application.

DESCRIPTION OF EMBODIMENTS

[0021] With development of wireless communication,
the number of antennasin an electronic deviceisincreas-
ing. For example, the electronic device is a mobile phone.
To support wireless communication on a 5G frequency
band, a 5G antenna needs to be added to the mobile
phone in addition to an existing antenna. The existing
antenna may include a GPS antenna for positioning.
[0022] Forexample, FIG. 1 shows a GPS antenna and
a5Gantennafor coveringN41 and N78 of a 5G frequency
band ina mobile phone. N41 can correspond to operating
frequency bands of 2.5 GHz to 2.7 GHz. N78 can corre-
spond to operating frequency bands of 3.3 GHz to 3.8
GHz.

[0023] In the example shown in FIG. 1, an antenna A
may be the GPS antenna, and an antenna B may be the
5G antenna for covering N41 and N78.

[0024] The antenna A may be a left-handed antenna.
For example, the antenna A may include a radiator, one
end of the radiator may be connected to a feed point F
through a capacitor C,, and the other end of the radiator
may be grounded through G,. In some implementations,
the grounded end of the radiator may be an end near a
corner of the mobile phone, so that a floor feature mode
can be better excited to improve radiation efficiency of a
left-handed mode. For a structure of the left-handed an-

tenna, refer to CN201380008276.8 and
CN201410109571.9. Details are not described herein
again.

[0025] For example, FIG. 2 shows simulation of cur-

rents and corresponding S-parameters during operating
of the antenna A. It can be learned that a unidirectional
(for example, leftward) current can be formed on the ra-
diator through excitation of F,, to implement radiation in
the left-handed mode. It can be learned from the S-pa-
rameters that a deepest point of S11 has exceeded - 20
dB, and corresponding radiation efficiency and system
efficiency are also higher than -5 dB.

[0026] The antenna B may be an IFA antenna. For ex-
ample, the antenna B may include a radiator, and one
end of the radiator may be suspended. A feed point F,
may be provided on the radiator. A capacitor C, may be
disposed between the feed point Fy, and the radiator to
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excite the left-handed mode. The other end different from
the suspended end may be grounded through G,. In
some implementations, the suspended end of the radia-
tor may be an end near a corner of the mobile phone, so
that end space of the IFA antenna is more open, to
achieve higher radiation performance.

[0027] For example, FIG. 3 shows simulation of cur-
rents and corresponding S-parameters during operation
of the antenna B. It can be learned that the left-handed
mode can be excited on the radiator between the feed
pointand a ground point through excitation of F,, to cover
the N41 frequency band, and radiation efficiency and sys-
tem efficiency in the mode both exceed -4 dB. In addition,
an IFA mode (for example, a 1/4-wavelength IFA mode)
can be further excited on the radiator through excitation
of F,. The IFA mode may be used for covering the N78
frequency band, and radiation efficiency and system ef-
ficiency in the mode both exceed -2 dB.

[0028] Based on the foregoing descriptions, an oper-
ating frequency band of N41 covers a bandwidth of 200
MHz, and an operating frequency band of N78 covers a
bandwidth of 500 MHz. With reference to the simulation
results shown in FIG. 3, although higher performance is
achieved at a deepest point on two resonance frequen-
cies generated during operation of the antenna B, band-
width is insufficient. During coverage of N41 and N78,
performance at an edge of a frequency band is signifi-
cantly degraded compared with performance at a center
of the frequency band.

[0029] With reference to the antenna arrangement
shown in FIG. 1, it can be learned that an open end of
the radiator of the antenna B is disposed at a corner of
the mobile phone but is close to a ground point of the
antenna A. For the IFA antenna, an open end of the IFA
antenna is a large electric field point, and existence of a
ground point near the large electricfield point significantly
affects headroom of the IFA antenna, affecting radiation
performance of the IFA antenna. This causes the insuf-
ficient bandwidth of the antenna B in the foregoing sim-
ulation results.

[0030] To further describe how performance of the an-
tenna B is affected by the antenna A, operating statuses
of two antenna systems shown in FIG. 4 are used for
comparison and description. A first antenna system
shown in (a) in FIG. 4 is an antenna system including an
antenna A and an antenna B with the composition shown
in FIG. 1. A second antenna system shown in (b) in FIG.
4is an antenna system in which the antenna A is removed
and only the antenna B is retained.

[0031] FIG. 5 shows simulation of S11 of the two an-
tenna systems shown in FIG. 4. It can be learned that,
compared with the first antenna system, S11 of the sec-
ond antenna system in which the antenna A (namely, a
GPS antenna) is removed is significantly improved on
both the N41 and N78 frequency bands. For example,
on the N41 frequency band, bandwidth of S11 increases,
and a deepest point becomes deeper. It can be under-
stood that, because the N41 frequency band is mainly
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covered in the left-handed mode and entire antenna
headroom is improved, radiation performance is directly
improved without a resonance frequency offset. For an-
other example, on the N78 frequency band, bandwidth
of S11 increases, and a deepest point becomes deeper.
It can be understood that, because the N78 frequency
band is mainly covered in the IFA mode and entire an-
tenna headroom is improved, resonance changes great-
ly. With the increase in the bandwidth and the depth of
S11, asignificantfrequency offset occurs due to achange
of a floor arrangement near an end of the large electric
field point. Therefore, the antenna A causes significant
impact to the antenna B.

[0032] Due to a large number of antennas and limited
space on the mobile phone, it is common that an end of
the antenna B is close to the ground point of the antenna
A among adjacent antennas. This significantly limits ra-
diation performance of the antenna B, affecting commu-
nication performance on N41 and N78.

[0033] It should be understood that, in the foregoing
example, an example in which the antenna A is a GPS
antenna and the antenna B is an NR antenna (for exam-
ple, a 5G antenna) for covering N41 and N78 is used for
description. When two antennas cover other frequency
bands, similar problems also occur if an end of one an-
tenna is close to a ground point of the other antenna.
[0034] To resolve the foregoing problems, the embod-
iments of this application provide an antenna solution. A
shared ground point is used, and a structure of an NR
antenna is improved, so that a frequency band corre-
sponding to the NR antenna is covered by a new mode.
This can significantly reduce impact of a ground point of
an adjacent antenna on performance of the NR antenna.
In addition, due to a structural arrangement of the NR
antenna, a new mode can be further excited to cover an
operating frequency band of the adjacent antenna, to in-
crease a bandwidth of the antenna and improve radiation
performance.

[0035] The following describes the solution provided
in the embodiments of this application still by using an
example in which the NR antenna covers N41 and N78
and the adjacent antenna is a GPS antenna.

[0036] Itshould be noted that the antenna solution pro-
vided in the embodiments of this application may be ap-
plied to an electronic device of a user, to support a wire-
less communication function of the electronic device. For
example, the electronic device may be a portable mobile
device such as a mobile phone, a tablet computer, a per-
sonal digital assistant (personal digital assistant, PDA),
an augmented reality (augmented reality, AR)/virtual re-
ality (virtual reality, VR) device, and a media player, or
the electronic device may be a wearable electronic de-
vice such as a smartwatch. A specific form of the device
is not particularly limited in the embodiments of this ap-
plication.

[0037] An environment in which the antenna solution
provided in the embodiments of this application is dis-
posed is first described below by using an example in
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which the electronic device is a mobile phone. In the em-
bodiments of this application, a structural implementation
of the antenna solution may be referred to as an antenna
system or a terminal antenna system.

[0038] For example, FIG. 6 is a schematic structural
diagram of an electronic device 600 according to an em-
bodiment of this application. As shown in FIG. 6, in the
electronic device 600 provided in this embodiment of this
application, a screen and cover 601, a metal housing
602, an internal structure 603, and a rear cover 604 may
be disposed in sequence from top to bottom along a z-
axis.

[0039] The screen and cover 601 may be configured
to implement a display function of the electronic device
600. The metal housing 602 may serve as a main frame
of the electronic device 600 to provide rigid support for
the electronic device 600. The internal structure 603 may
include a collection of electronic components and me-
chanical components that implement various functions
of the electronic device 600. For example, the internal
structure 603 may include a shielding can, a screw, and
a reinforcing rib. The rear cover 604 may be a rear ap-
pearance side of the electronic device 600, and the rear
cover 604 may be made of a glass material, a ceramic
material, plastics, and the like in different implementa-
tions.

[0040] The antenna solution provided in the embodi-
ments of this application may be applied to the electronic
device 600 shown in FIG. 6, to support a wireless com-
munication function of the electronic device 600. In some
embodiments, an antenna included in the antenna solu-
tion may be disposed on the metal housing 602 of the
electronic device 600. In some other embodiments, an
antenna included in the antenna solution may be dis-
posed on the rear cover 604 of the electronic device 600,
or the like.

[0041] A specific implementation of the antenna may
vary in different implementations of the embodiments of
this application. For example, in some embodiments, the
antenna may be implemented in combination with ametal
bezel on the metal housing 602 shown in FIG. 6. In some
other embodiments, the antenna solution may alterna-
tively be implemented by using a flexible printed circuit
(Flexible Printed Circuit, FPC), metalframe diecasting for
anodicoxidation (Metalframe Diecasting for Anodicoxi-
dation, MDA), or the like. Alternatively, the antenna so-
lution may be obtained by combining at least two of the
foregoing implementations. A specific implementation
form of a magnetic flux loop monopole antenna is not
limited in this embodiment of this application.

[0042] For example, the antenna is implemented by
using an FPC. The FPC may include a non-conductive
substrate, and a conductive layer may be provided on
the substrate. For example, the conductive layer may be
made of metal or another conductive material. In some
implementations, the metal may be copper, silver, or the
like. A radiator of an antenna system is obtained through
structural adjustment of the conductive layer.
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[0043] Forexample, FIG. 7 shows an antenna system
700 according to an embodiment of this application. In
different examples, the antenna system 700 may be dis-
posed at a corner of an electronic device (for example,
a mobile phone), for example, an upper left corner, a
lower left corner, an upper right corner, or a lower right
corner of a rear view.

[0044] In this example, the antenna system 700 is dis-
posed in the upper left corner of the rear view of the mo-
bile phone.

[0045] As shown in FIG. 7, a radiator of the antenna
system 700 may include a first radiator and a second
radiator. The first radiator and the second radiator may
be coupled through a gap in a distributed capacitor struc-
ture.

[0046] The firstradiator may be divided into a first por-
tion and a second portion based on arrangement at dif-
ferent edges of the electronic device. For example, the
first portion may be a part of the radiator disposed at a
top edge of the mobile phone. The second portion may
be a part of the first radiator disposed at a side edge of
the mobile phone.

[0047] In this example, in two ends of the first radiator,
an end near the second radiator may be referred to as a
first end of the first radiator. Similarly, in two ends of the
second radiator, an end near the first radiator may be
referred to as a first end of the second radiator. Corre-
spondingly, in the two ends of the first radiator, an end
away from the second radiator may be referred to as a
second end of the first radiator. Similarly, in the two ends
of the second radiator, an end away from the first radiator
may be referred to as a second end of the second radi-
ator.

[0048] On the first portion of the first radiator, a feed
point F1 may be provided at a right end (for example, the
second end) of the first portion. A ground point G1 (for
example, referred to as a first ground point) may be fur-
ther provided on the first portion. In some implementa-
tions, the feed point F2 may be connected to the radiator
through a capacitor, to excite a left-handed mode to cover
a GPS frequency band.

[0049] The second radiator may be a part of the radi-
ator that is disposed at a side edge of the mobile phone
and thatis not connected to the first radiator. A feed point
F2 may be provided at an end of the second radiator (for
example, the second end of the second radiator). As
shown in FIG. 7, a gap between the second radiator and
the first portion of the first radiator may be in a distributed
capacitor structure. For example, the distributed capac-
itor structure may be implemented by using an S-shaped
through gap or a Z-shaped through gap.

[0050] Itshouldbe notedthata structure of the antenna
system 700 shown in FIG. 7 is only an example and does
not constitute a limitation on a shape or a size of the
antenna. The antenna system 700 may alternatively have
other variable shapes in different examples.

[0051] For example, structural characteristics of the
antenna solution provided in the embodiments of this ap-
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plication are described with reference to size marking
shown in FIG. 8. For example, when the antenna system
700 is configured to cover the GPS frequency band and
the N41 and N78 frequency bands, various structural siz-
es of the antenna system 700 may be included in the
following ranges:

[0052] On the first radiator, an X-direction length X3
may be set to be within a range of 30 mm reduced by
20% to 30 mm increased by 20%. A Y-direction width Y1
may be set to be within a range of 5 mm reduced by 20%
to 5 mm increased by 20%. A distance Y2 (which may
be also referred to as a first distance) between the first
portion of the first radiator and a reference ground may
be set to be within a range of 2 mm to 4 mm. When Y2
is set to be within the foregoing range, an equilibrium
mode can be better excited to increase GPS resonance
bandwidth. When the second portion of the first radiator
is disposed at a side edge of the mobile phone, a length
Y3 (which may also be referred to as a first length) of the
second portion may be set to be within a range of 5 mm
to 15 mm. A specific size of Y3 may be adjusted to adjust
a resonance position of N41.

[0053] On the second radiator, a Y-direction length Y4
from an end of the radiator to a top edge of the reference
ground may be set to be within a range of 14 mm reduced
by 20% to 14 mmincreased by 20%. An X-direction width
of the radiator may be set to be within a range of 5 mm
reduced by 20% to 5 mm increased by 20%.

[0054] A width X2 of a gap between the first radiator
and the second radiator may be set to be within a range
of 0.2 mm to 1.2 mm. A specific size of X2 may be ad-
justed within the foregoing range to finely adjust reso-
nance positions of N41 and N78.

[0055] During operating of the antenna system 700
with the structural arrangement shown in FIG. 8, a GPS
signal may be fed through F1, and corresponding N41
and N78 signals may be fed through F2. In this way, the
antenna system 700 can transmit and receive wireless
signals on corresponding frequency bands through radi-
ation covering the GPS frequency band and the N41 and
N78 frequency bands.

[0056] An operating mechanism and effects of the an-
tenna system provided in the embodiments of this appli-
cation are described below with reference to specific ex-
amples.

[0057] With reference to the foregoing descriptions,
the antenna system provided in this embodiment of this
application may include two sub-antennas disposed in a
co-body mode. For example, the antenna system may
include a first antenna for covering the GPS frequency
band, and a second antenna for covering the N41 and
N78 frequency bands.

[0058] For example, refer to FIG. 9. A radiator of the
first antenna may include the first radiator. The first an-
tenna may be configured to transmit and receive GPS
signals.

[0059] A radiator of the second antenna may include
the second radiator of the antenna system, and a radiator
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of the first radiator between a first ground point G1 and
the second radiator. That is, the radiator of the second
antenna may include the second radiator, the second
portion of the first radiator, and a radiator of the first por-
tion of the first radiator between the ground point and an
end near the second radiator. The second antenna may
be configured to transmit and receive corresponding N41
and N78 signals.

[0060] It can be learned that the ground point G1 is
shared by the first antenna and the second antenna.
Compared with a conventional antenna solution (for ex-
ample, the antenna solution shown in FIG. 1), the ground
point is shared, so that space occupied for providing a
plurality of ground points can be saved, and hardware
costs corresponding to one ground point can be reduced.
[0061] It should be noted that the division of the first
antenna and the second antenna shown in FIG. 9 is only
logical division. For the first antenna, due to existence of
the distributed capacitor structure, during operating of
the first antenna, energy is coupled to the other side of
the distributed capacitor through the distributed capacitor
structure. Therefore, a weak current also exists on a ra-
diator of the antenna system other than the radiator in-
cluded in the first antenna obtained through division in
FIG. 9. That is, in other division, the radiator of the first
antenna may further include a part other than the radiator
of the first antenna shown in FIG. 9. Because a current
of a GPS signal on the another part is weak, contribution
to transmission and reception of GPS signals is also
weak. Similarly, the radiator of the second antenna may
furtherinclude a part other than the radiator of the second
antenna shown in FIG. 9. Because a current of a signal
on the another part is weak, contribution to transmission
and reception of corresponding N41 and N78 signals is
also weak.

[0062] Anantennasystem with the composition shown
in any one of FIG. 7 to FIG. 9 can provide higher radiation
performance with a same antenna area. For example,
higher bandwidth coverage and higher radiation efficien-
cy and system efficiency are provided for GPS, N41, and
N78.

[0063] For example, effects that can be achieved by
the antenna solution provided in the embodiments of this
application are described below with reference to simu-
lation of S-parameters and efficiency and comparison
with a conventional antenna.

[0064] FIG. 10 shows simulation of currents and cor-
responding S-parameters during operating of the first an-
tenna (namely, the GPS antenna). As shown in FIG. 10,
during operating of the first antenna, currents in a same
direction can be excited on the radiator between the feed
point and the ground point, that is, a left-handed mode
is excited. Correspondingly, in S 11, a deepest point of
resonance in the left-handed mode is close to -20 dB,
and bandwidth at -6 dB exceeds 300 MHz. In addition,
the first antenna may further excite an equilibrium mode,
and resonance corresponding to the equilibrium mode
may be near 2 GHz in the simulation of the S-parameters
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in FIG. 10. Although S11 in the equilibrium mode is not
significant, resonance efficiency and bandwidth in the
left-handed mode can be increased. For example, in an
efficiency simulation curve shown in FIG. 10, system ef-
ficiency near 2 GHz is close to -4 dB. Although the GPS
antenna usually requires low bandwidth, the increase of
the efficiency and bandwidth can effectively avoid dra-
matic performance fluctuations caused by slight nonuni-
formity in mass production.

[0065] FIG. 11 shows simulation of currents and cor-
responding S-parameters during operating of the second
antenna (namely, the NR antenna). As shown in FIG. 11,
during operating of the second antenna, a common mode
(CM) and a differential mode (DM) can be separately
excited. When currents in a same direction are distributed
on the radiator of the second antenna, the CM mode may
be used. When currents in opposite direction are distrib-
uted on the radiator of the second antenna by using the
distributed capacitor structure as a boundary, the DM
mode may be used. In this way, the N41 frequency band
is covered by resonance of the CM mode, and the N78
frequency bandis covered by resonance of the DM mode.
It can be learned from an efficiency simulation curve that
both radiation efficiency and system efficiency exceed -2
dB.

[0066] FIG. 10 and FIG. 11 separately show current
distribution and radiation statuses of the antenna solution
provided in the embodiments of this application. The fol-
lowing describes effects that can be achieved by the so-
lution provided in the embodiments of this application
through comparison with the conventional antenna
shown in FIG. 1.

[0067] Forexample, FIG. 12 shows performance com-
parison between the antenna solution provided in the em-
bodiments of this application and a conventional antenna
solution on a GPS frequency band. (a) in FIG. 12 shows
comparison of S11. It can be learned that resonance
bandwidth of S11 in the solution of this application is sig-
nificantly superior to that of the conventional solution due
to introduction of the equilibrium mode. (b) in FIG. 12
shows comparison of radiation efficiency, and (c) in FIG.
12 shows comparison of system efficiency. It can be
learned that, corresponding to S11, in the solution pro-
vided in the embodiments of this application, radiation
efficiency on a frequency band (for example, near 2 GHz)
corresponding to the equilibrium mode is improved, and
improvement of the system efficiency is more significant.
For example, the system efficiency is improved by more
than 2 dB near 2 GHz.

[0068] FIG. 13 shows performance comparison be-
tween the antenna solution provided in the embodiments
of this application and a conventional antenna solution
on an NR frequency band (for example, N41 and N78).
(a)inFIG. 13 shows comparison of S11. It can be learned
that resonance bandwidth of S 11 in the solution of this
application is significantly superior to that of the conven-
tional solution, (b) in FIG. 13 shows comparison of radi-
ation efficiency, and (c) in FIG. 13 shows comparison of
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system efficiency. It can be learned that, corresponding
to S 11, in the solution provided in the embodiments of
this application, N41 and N78 are covered in the CM
mode and the DM mode, so that radiation efficiency is
improved, and improvement of the system efficiency is
more significant. For example, the system efficiency is
improved by more than 2 dB near 4 GHz.

[0069] Through comparison between FIG. 12and FIG.
13, it can be learned that performance of the antenna
system provided in the embodiments of this application
is significantly higher than that of the conventional solu-
tion (for example, the solution shown in FIG. 1).

[0070] With reference to the foregoing descriptions, in
the conventional solution, performance of the NR anten-
na is degraded due to impact of the ground point of the
GPS antenna. Correspondingly, in the antenna solution
provided in the embodiments of this application, the co-
body solution with a shared ground point is used. This
can increase an area of the radiator while avoiding per-
formance degradation caused by a ground point of an
adjacent antenna (for example, the GPS antenna) being
close to an end of the NR antenna.

[0071] Forexample, FIG. 14 shows performance com-
parison between an antenna system provided in the em-
bodiments of this application (that is, a third antenna sys-
tem shown in (a) in FIG. 14) and an antenna system
including an NR antenna (for example, an IFA antenna)
without a GPS antenna (that s, a second antenna system
shown in (b) in FIG. 14), to testify the foregoing effects.
[0072] FIG. 15 shows comparison between efficiency
simulation of the two antenna systems shown in FIG. 14
on the N41 and N78 frequency bands. It can be learned
that, in terms of either radiation efficiency or system ef-
ficiency, performance of the antenna solution provided
in the embodiments of this application is basically the
same as that of the NR antenna including only the IFA
antenna without GPS interference. Therefore, the anten-
na solution provided in the embodiments of this applica-
tion can effectively avoid influence of the GPS antenna
on performance of the NR antenna.

[0073] Although this application is described with ref-
erence to specific features and the embodiments thereof,
apparently, various modifications and combinations may
be made to them without departing from the spirit and
scope of this application. Correspondingly, this specifi-
cation and the accompanying drawings are merely used
as exemplary descriptions of this application defined by
the appended claims, and are considered as having cov-
ered any of and all of modifications, variations, combina-
tions, or equivalents within the scope of this application.
Obviously, a person skilled in the art can make various
modifications and variations to this application without
departing from the spirit and scope of this application. In
this case, if the modifications and variations made to this
application fall within the scope of the claims of this ap-
plication and their equivalent technologies, this applica-
tion is intended to include these modifications and vari-
ations.
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Claims

1. Aterminal antenna system, wherein the terminal an-
tenna system is disposed in an electronic device,
and the terminal antenna system comprises:

a first radiator and a second radiator, wherein a
first end of the first radiator is coupled to a first
end of the second radiator through a gap;

a first feed point is provided at a second end,
away from the second radiator, of the first radi-
ator, and a first ground point is further provided
on the first radiator; and

a second feed pointis provided at a second end
of the second radiator, and the second end of
the second radiator is an end away from the first
radiator.

2. The terminal antenna system according to claim 1,
wherein the first radiator comprises a first portion
and a second portion, the first portion and the second
portion are connected in an L shape, the gap is pro-
vided between the second portion and the second
radiator, and the first ground point is provided on the
first portion.

3. The terminal antenna system according to claim 2,
wherein

a first distance (Y2) is set to be within a range
of 2 mm to 4 mm, and the first distance (Y2) is
a distance between the first portion of the first
radiator and a reference ground;

a first length (Y3) is set to be within a range of
5 mm to 15 mm, and the first length (Y3) is a
length of the second portion of the first radiator;
and

awidth (X2) of the gap is set to be within arange
of 0.2 mmto 1.2 mm.

4. The terminal antenna system according to claim 2
or 3, wherein

the terminal antenna system comprises a first
antenna and a second antenna, and a radiator
of the first antenna is the first radiator; and

a radiator of the second antenna comprises:
the second radiator, the second portion of the
first radiator, and a radiator between the second
portion and the first ground point on the first ra-
diator.

5. The terminal antenna system according to claim 4,
wherein
a capacitor is further disposed between the first feed
point and the first radiator, and the capacitor is con-
figured to excite a left-handed mode of the first an-
tenna.
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The terminal antenna system according to any one
of claims 1 to 5, wherein

when the terminal antenna system operates, the first
antenna covers a first frequency band, the second
antenna covers a second frequency band and a third
frequency band, and a resonance position of the sec-
ond frequency band is lower than that of the first
frequency band.

The terminal antenna system according to claim 6,
wherein

the width (X2) of the gap is used for adjusting
resonance positions of the second frequency
band and the third frequency band; and

the first length (Y3) is used for adjusting the res-
onance position of the second frequency band.

The terminal antenna system according to claim 6
or 7, wherein

a mode in which the first antenna covers the first
frequency band comprises the left-handed
mode and an equilibrium mode; and

the first distance (Y2) is used for adjusting a res-
onance position of the equilibrium mode.

The terminal antenna system according to any one
of claims 6 to 8, wherein the first frequency band
comprises a GPS frequency band, the second fre-
quency band comprises 2.5 GHz to 2.7 GHz, and
the third frequency band comprises 3.3 GHz to 3.8
GHz.

The terminal antenna system according to any one
ofclaims 1to 9, wherein the terminal antenna system
is disposed at a corner of the electronic device,
wherein

the first portion of the first radiator is disposed
at the top or bottom of the electronic device, and
the second portion of the first radiator and the
second radiator are disposed on a side of the
electronic device; or

the first portion of the first radiator is disposed
on a side of the electronic device, and the sec-
ond portion of the first radiator and the second
radiator are disposed at the top or bottom of the
electronic device.

An electronic device, wherein the electronic device
is provided with the terminal antenna system accord-
ing to any one of claims 1 to 10; and when the elec-
tronic device transmits or receives a signal, the sig-
nal is transmitted or received through the terminal
antenna system.

Aterminal antenna system, wherein the terminal an-
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13.

14.

15.

tenna system is disposed in an electronic device,
and the terminal antenna system comprises:

a first radiator and a second radiator, wherein a
first end of the first radiator is coupled to a first
end of the second radiator through a gap;

a first feed point is provided at a second end,
away from the second radiator, of the first radi-
ator, and a first ground point is further provided
on the first radiator;

a second feed pointis provided at a second end
of the second radiator, and the second end of
the second radiator is an end away from the first
radiator;

the terminal antenna system comprises a first
antenna and a second antenna, and a radiator
of the first antenna is the first radiator;
aradiator of the second antenna comprises: the
second radiator, the second portion of the first
radiator, and a radiator between the second por-
tion and the firstground point on the firstradiator;
when the terminal antenna system operates, the
first antenna covers a first frequency band, the
second antenna covers a second frequency
band and a third frequency band, and a reso-
nance position of the second frequency band is
higher than that of the first frequency band; and
a width (X2) of the gap is used for adjusting res-
onance positions of the second frequency band
and the third frequency band.

The terminal antenna system according to claim 12,
wherein the first radiator comprises a first portion
and a second portion, the first portion and the second
portion are connected in an L shape, the gap is pro-
vided between the second portion and the second
radiator, and the first ground point is provided on the
first portion.

The terminal antenna system according to claim 13,
wherein

a first distance (Y2) is set to be within a range
of 2 mm to 4 mm, and the first distance (Y2) is
a distance between the first portion of the first
radiator and a reference ground;

a first length (Y3) is set to be within a range of
5 mm to 15 mm, and the first length (Y3) is a
length of the second portion of the first radiator;
and

the width (X2) of the gap is set to be within a
range of 0.2 mm to 1.2 mm.

The terminal antenna system according to any one
of claims 12 to 14, wherein

a capacitor is further disposed between the first feed
point and the first radiator, and the capacitor is con-
figured to excite a left-handed mode of the first an-
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tenna.

The terminal antenna system according to any one
of claims 12 to 14, wherein

the first length (Y3) is used for adjusting the reso-
nance position of the second frequency band.

The terminal antenna system according to any one
of claims 12 to 14, wherein

a mode in which the first antenna covers the first
frequency band comprises the left-handed
mode and an equilibrium mode; and

the first distance (Y2) is used for adjusting a res-
onance position of the equilibrium mode.

The terminal antenna system according to any one
of claims 12 to 14, wherein the first frequency band
comprises a GPS frequency band, the second fre-
quency band comprises 2.5 GHz to 2.7 GHz, and
the third frequency band comprises 3.3 GHz to 3.8
GHz.

The terminal antenna system according to any one
of claims 12 to 14, wherein the terminal antenna sys-
tem is disposed at a corner of the electronic device,
wherein

the first portion of the first radiator is disposed
at the top or bottom of the electronic device, and
the second portion of the first radiator and the
second radiator are disposed on a side of the
electronic device; or

the first portion of the first radiator is disposed
on a side of the electronic device, and the sec-
ond portion of the first radiator and the second
radiator are disposed at the top or bottom of the
electronic device.

An electronic device, wherein the electronic device
is provided with the terminal antenna system accord-
ing to any one of claims 12 to 19; and when the elec-
tronic device transmits or receives a signal, the sig-
nal is transmitted or received through the terminal
antenna system.

10

15

20

25

30

35

40

45

50

55

10

18



EP 4 250 478 A1

Antenna A
/

-
Antenna B

Antenna
radiator
y l>—>
z X

Battery

FIG. 1

1"



EP 4 250 478 A1

0 p—— ————— = P R Ny p— s—
-10 /."'l‘ \ / .............................
) N4 . TN
=25 ,."" Ny /

_301 1.2 14/ 16 18 2 22 24 26 28 3
Frequency/GHz

- S11
— — — Radiation efficiency
---------- System efficiency

=P Current direction

FIG. 2

12



EP 4 250 478 A1

.
)

0 ~
-2
4 ~
/
_6 7
-8 /
/
dB ~10 // N
—S11 12t
__Radiation -14 |L
efficiency 16 /
________ System N
efficiency —18
Current 1 L5
> direction

‘ gLneft‘-hénded rhode |

2 2.5 3 3.5 4

Frequency/GHz

FIG. 3

45

First antenna system

Antenna A
/

Second antenna system

= C
Ga Fa lR@ Fb

HO Fy P s

b Gy
I Antenna B

- G
Antenna B
(a) )

FIG. 4

13



EP 4 250 478 A1

14

—— ——
N
\ /
\ 4
7 D
\ / N
\ / \ ~ ~ / /
\ N_/ '\ /
\ \
- S11 - first '\ I' \
antenna system |, \
] S11 - second
antenna system
| ]
1 1.5 2 2.5 3 3.5 4 4.5
Frequency/GHz
FIG. 5
- - - - - - - -7 I
I Electronic |
| device Screen and I
| ~ cover 601 |
l |
| Metal housing |
| 602 !
I
| Internal |
I structure 603 |
[ - I
l |
' |
: — Rear |
cover 604 |
lZ |
I
| y I
l |
l |
L e ____ J
FIG. 6




EP 4 250 478 A1

Antenna system 700

Gapina } ;
distributed
capacitor
structure

—

15

Antenna —\\
system 700
yd
Battery
\
Second i
radiator : \\ ))
|
|
|
|
F2 |
;
FIG. 7

Antenna
radiator

o



EP 4 250 478 A1

Antenna system
700

Reference
ground

X1

FIG. 8

16



EP 4 250 478 A1

First antenna

"Gl és
F1
Reference
ground
" Gl o)
F1
F2
Reference Second antenna
w
~Gl1
Reference
F2 ground

/\/

FIG. 9

17



EP 4 250 478 A1

A o
4l \\ /’ C_ )
i N
-6 7 S
B, A NI
— S1 \ ] \ e
— — Radiation 12 7 \ \
effictency 14 =
------- System ~16 £ L \ \\ \
efficiency s ( J \
Current \
_201 1.2 14 176/ 1.8 2 22 24 26 28

direction

31’&:%

,wwwwwwwpxg

%w-&w«#&&wﬁf
wamw,?q'u;a
& e

i 5‘)&\3&11sw
T e e

&Uxh‘».v«a

‘f@v-in#whﬁ-iww'&wna
T L

.-.

&
2
#

i

"

5
i

Frequency/GHz

18




EP 4 250 478 A1

0
-2
4
-6
~ /|
L A <
PR /
—10 \
“\ |
y A
— Sl1 y i
_ _ Radiation 14
efficiency
-16 :
L SyStem ::
efficiency 18 ::
Current
. 1 _20 "
Priscd 1 1.5 2

19



dB

dB

EP 4 250 478 A1

‘k\L ,(f:——- T——=
\ L~
N | /4
W //
\
\\ f
\ —— S11 - conventional
solution ]
— — S11 - solution of this [
' application —
] ] ]
1.2 1.4 1.6 1.8 2 22 2.4 2.6 2.8 3
Frequency/GHz
(a)
-] - - Minaen = /-— = ———
Radiation efficiency - [ |
conventional solution
_ Radiation efficiency - | |
solution of this application [

1 1 1 1
1.2 1.4 1.6 1.8 2 22 2.4 2.6 2.8 3

Frequency/GHz
(b)
//_l\\ <
AR
V. = ™ —~ -
/ ~T
l/ TN
/ S <

// = T — — —j— = = 1

Vi —  System efficiency -

7 conventional solution

7 — - System efficiency - solution [T
v of this application H

/ ] ] ] ]

1.2 1.4 1.6 1.8 2 22 2.4 2.6 2.8 3
Frequency/GHz
(c)
FIG. 12

20



EP 4 250 478 A1

\"/ Vi

N /

— S11 - conventional solution
— — S11 - solution of this application

25

3

3.5 4

Frequency/GHz

(@)

45

Radiation efficiency -

conventional solution

Radiation efficiency -
solution of this application

2.5

3

3.5 4

Frequency/GHz

(b)

4.5

pr . |‘//‘-" T — | —
N

___ System efficiency - solution

System efficiency -
conventional solution

of this application

2.5

3

3.5 4

Frequency/GHz

FIG. 13

(©)

21

4.5




EP 4 250 478 A1

Third antenna system
(Antenna system provided in
this application)

Second
antenna system

Fy
Fl _ n
k2 Antenna B G
(a) (b)
FIG. 14
0 —
o EEEEL B
o ] _ - /
_6 Il/ '/
-8 // VY /
-10
1 E — : :
N —— Radiation efficiency - third
-14 antenna system
-16 — —  Radiation efficiency -
-18 second antenna system
-20 | ] 1
1 1.5 2 2.5 3 35 4 4.5
Frequency/GHz
(a)
O o~
/ —
o /.
% 74
Ji
-8 #
-10 ya /
-12 / / System efficiency - third
~14 /
Vi antenna system
-16 7] ___ System efficiency - second
-18 7 antenna system
-20 / / 1 1 1
1.5 2 2.5 3 35 4 4.5
Frequency/GHz
(b)
FIG. 15

22



10

15

20

25

30

35

40

45

50

55

EP 4 250 478 A1

INTERNATIONAL SEARCH REPORT International application No.
PCT/CN2022/117659

A. CLASSIFICATION OF SUBJECT MATTER

HO1Q 1/24(2006.01)i; HO1Q 1/36(2006.01)i; HO1Q 1/48(2006.01)i; HO1Q 1/50(2006.01)i; HO1Q 1/52(2006.01)i; HO1Q
5/20(2015.01)i; HO1Q 5/314(2015.01)i; HO1Q 13/10(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

H01Q

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
CNTXT; CNABS; VEN; ENTXT; CNKI: 435, 41, FFi% &, Kk, Wk, SEErE, e, A, R, B, 505, &,
JAIBR, ALY, 20k, #EE, FRIE, 1R, £, terminal, handset, mobile, antenna, radiat+, feed, ground, slot, gap, groove, notch,
capacit+, coupl+, resonant, GPS, 5G, frequency

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

PX CN 114243259 A (HONOR TERMINAL CO., LTD.) 25 March 2022 (2022-03-25) 1-20
description, paragraphs [0034]-[0085], and figures 1-15

X CN 112736432 A (GUANGDONG OPPO MOBILE COMMUNICATIONS CO., LTD.) 30 1-6, 9-11
April 2021 (2021-04-30)
description, paragraphs [0029]-[0115], and figures 3-13

X CN 110247160 A (HUAWEI TECHNOLOGIES CO., LTD.) 17 September 2019 (2019-09-17) 1,11
description, paragraphs [0034]-[0055], and figures 1-3

A CN 104934706 A (HUAWEI DEVICE CO., LTD.) 23 September 2015 (2015-09-23) 1-20
entire document

A CN 112928456 A (GUANGDONG OPPO MOBILE COMMUNICATIONS CO., LTD.) 08 1-20
June 2021 (2021-06-08)
entire document

DFurther documents are listed in the continuation of Box C. See patent family annex.

*  Special categories of cited documents: “T” later document published after the international filing date or priority
“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand the
to be of particular relevance principle or theory underlying the invention
«g» earlier application or patent but published on or after the international ~ «X» document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive step
“L» document which may throw doubts on priority claim(s) or which is when the document is taken alone
cited to establish the publication date of another citation or other «y» document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
“0” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

“p”  document published prior to the international filing date but later than . &> document member of the same patent family
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

15 November 2022 25 November 2022

Name and mailing address of the ISA/CN Authorized officer

China National Intellectual Property Administration (ISA/
CN)

No. 6, Xitucheng Road, Jimengiao, Haidian District, Beijing
100088, China

Facsimile No. (86-10)62019451 Telephone No.

Form PCT/ISA/210 (second sheet) (January 2015)

23




10

15

20

25

30

35

40

45

50

55

EP 4 250 478 A1

INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/CN2022/117659

Patent document

Publication date

Patent family member(s)

Publication date

cited in search report (day/month/year) (day/month/year)

CN 114243259 A 25 March 2022 None

CN 112736432 A 30 April 2021 None

CN 110247160 A 17 September 2019 us 2022209403 Al 30 June 2022
EP 3955382 Al 16 February 2022
JP 2022530819 A 01 July 2022
WO 2020221075 Al 05 November 2020

CN 104934706 A 23 September 2015 WO 2015139558 Al 24 September 2015
EP 3651270 Al 13 May 2020
us 2017025740 Al 26 January 2017
EP 3107150 Al 21 December 2016
us 2019237854 Al 01 August 2019

CN 112928456 A 08 June 2021 None

Form PCT/ISA/210 (patent family annex) (January 2015)

24




EP 4 250 478 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

e CN 202111340312 [0001] e CN 201410109571 [0024]
 CN 201380008276 [0024]

25



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

