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(57)  This application provides a ferrite switch, a mi-
crowave antenna, and an electronic device. The ferrite
switch includes a coupler, a first magic T, and two ferrite
circulators. The ferrite circulators have first ports, second
ports, and third ports, the second ports are connected to
short-circuit loads, the first ports of the two ferrite circu-
lators are respectively connected to two output ports of
the coupler, the two output ports of the coupler are con-
figured to output equi-amplitude in-phase or equi-ampli-
tude phase-inverted power signals, and the third ports of
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FIG. 1

the two ferrite circulators are respectively connected to
two input ports of the first magic T; and after the equi-am-
plitude in-phase or equi-amplitude phase-inverted power
signals are input from the two input ports of the first magic
T, the power signals are output from two output ports of
the first magic T respectively. Embodiments of this ap-
plication provide a ferrite switch, a microwave antenna,
and an electronic device, to resolve problems of a com-
plicated structure and a high insertion loss of a reciprocal
ferrite switch.
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Description

[0001] This application claims priority to Chinese Pat-
ent Application No. 202010320788. X, filed with the Chi-
na National Intellectual Property Administration on April
22, 2020 and entitled "FERRITE SWITCH, MICRO-
WAVE ANTENNA, AND ELECTRONIC DEVICE", which
is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] This application relates to the field of high-fre-
quency switch technologies, and in particular, to a ferrite
switch, a microwave antenna, and an electronic device.

BACKGROUND

[0003] Asdatatrafficincreases, awirelessbase station
and microwave macro base station need to meetrequire-
ments for a larger communication capacity. However,
spectrum bandwidth gradually becomes a bottleneck for
capacity improvement. A high frequency, for example, a
microwave in an E-Band ora D-Band, has more abundant
spectrum resources. However, development of matched
high-frequency components is not mature. As a result,
indicators such as bandwidth, an insertion loss, and rec-
iprocity of some high-frequency components such as a
high-frequency switch affect performance of a high-fre-
quency communication system.

[0004] The high-frequency switch includes a ferrite
switch. The ferrite switch has a plurality of ports. A cor-
respondence between the plurality of ports is controlled
by changing an external magnetization status, to imple-
ment a switch selection function. However, in a same
external magnetic field state, reciprocity cannot be im-
plemented between two ports of the ferrite switch, which
affects flexibility of using the high-frequency switch. In a
related technology, a Y-junction combined ferrite switch
or a differential phase-shift ferrite switch is used, to re-
solve a problem that reciprocity cannot be implemented
for the ferrite switch. The Y-junction combined ferrite
switch means that three Y-junction circulators are dis-
posed, and a switch that may be used for bidirectional
transmission is formed by controlling an annular direction
of each circulator. The reciprocity of the switch is imple-
mented by adding a phase shifter to the differential
phase-shift ferrite switch and controlling a differential
phase shift to be close to 0 or 180 degrees.

[0005] However, when the Y-junction combined or dif-
ferential phase-shift ferrite switch is used, an additional
transmission link and the phase shifter complicate a
structure of the ferrite switch, and energy and gain losses
are high when the ferrite switch is connected to a circuit.

SUMMARY

[0006] Embodiments of this application provide a fer-
rite switch, a microwave antenna, and an electronic de-
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vice, to resolve problems of a complicated structure and
a high insertion loss of a reciprocal ferrite switch.
[0007] One aspect of embodiments of this application
provides a ferrite switch, including a coupler, two ferrite
circulators, and a first magic T.

[0008] The ferrite circulators have first ports, second
ports, and third ports, the second ports are connected to
short-circuit loads, the first ports of the two ferrite circu-
lators are respectively connected to two output ports of
the coupler, the two output ports of the coupler are con-
figured to output equi-amplitude in-phase or equi-ampli-
tude phase-inverted power signals, and the third ports of
the two ferrite circulators are respectively connected to
two input ports of the first magic T; and after the equi-
amplitude in-phase or equi-amplitude phase-inverted
power signals are input from the two input ports of the
firstmagic T, the power signals are output from two output
ports of the first magic T respectively.

[0009] The short-circuit load is configured as follows:
When the ferrite circulator is in a first magnetic field bias
state, a power signal input from the first port outputs a
first phase from the third port; and when the ferrite circu-
lator is in a second magnetic field bias state, after being
reflected by the second port, a power signal input from
the first port outputs a second phase from the third port,
where a phase difference between the first phase and
the second phase is 180 degrees. The two ferrite circu-
lators are configured to have a same magnetic field bias
state or different magnetic field bias states.

[0010] According to the ferrite switch provided in this
embodiment of this application, the coupler, the ferrite
circulators connected to the short-circuit loads, and the
first magic T are disposed in combination. The two ferrite
circulators are controlled to be in the same magnetic field
bias state or the different magnetic field bias states, to
implement a reciprocal function of the ferrite switch. In
addition, the ferrite switch maintains a low insertion loss
characteristic of the ferrite circulator and the magic T,
and this significantly improves performance of the ferrite
switch.

[0011] In a possible implementation, the coupler in-
cludes a three dB coupler, the three dB coupler has one
input port and two output ports, and after a power signal
is input from the input port of the three dB coupler, the
power signal is output from the two output ports of the
three dB couplerin equi-amplitude in-phase; and a single
pole double throw switch includes the one three dB cou-
pler, one first magic T, and two ferrite circulators.
[0012] Inthis embodiment of this application, the three
dB coupler, the ferrite circulators connected to the short-
circuit loads, and the first magic T are disposed in com-
bination. The two ferrite circulators are controlled to be
in the same magnetic field bias state or the different mag-
netic field bias states, to implement a function of the sin-
gle pole double throw switch, and enable the single pole
double throw switch to have a reciprocal characteristic.
In addition, the single pole double throw switch maintains
a low insertion loss characteristic of the ferrite circulator
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and the magic T. This can significantly improve perform-
ance of the ferrite switch, and then improve performance
of an antenna.

[0013] In a possible implementation, there are three
single pole double throw switches, and a first single pole
double throw switch is disposed in series with a second
single pole double throw switch and a third single pole
double throw switch that are disposed in parallel.
[0014] In this embodiment of this application, a single
pole double throw switch and two parallel single pole dou-
ble throw switches are disposed in series. Each single
pole double throw switch is obtained from combination
of the three dB coupler, the ferrite circulator connected
to the short-circuit load, and the first magic T. By control-
ling magnetic field bias states of three groups of ferrite
circulators, a function of a single pole four throw switch
is implemented, and the single pole four throw switch has
a reciprocal characteristic. In addition, the single pole
four throw switch maintains low insertion loss character-
istics of the ferrite circulator and the magic T. This can
significantly improve performance of the ferrite switch
and then improve performance of an antenna.

[0015] In a possible implementation, the three dB cou-
pler includes a waveguide, microstrip, or stripline form.
[0016] The three dB coupler may be disposed in vari-
ous forms such as a waveguide, a microstrip, or a strip-
line, and can flexibly adapt to various port types, and this
improves applicability of the ferrite switch.

[0017] In a possible implementation, the coupler in-
cludes a second magic T, the second magic T has a first
input port, a second input port, a first output port, and a
second output port, where either of the first input port and
the second input port is configured to input a power sig-
nal, a power signal input from the first input port is output
in equi-amplitude in-phase through the first output port
and the second output port, and a power signal input from
the second input port is output in equi-amplitude phase-
inverted through the first output port and the second out-
put port.

[0018] In this embodiment of this application, the sec-
ond magic T, the ferrite circulators connected to the short-
circuit loads, and the first magic T are disposed in com-
bination. The two ferrite circulators are controlled to be
in the same magnetic field bias state or the different mag-
netic field bias states, and a power signal is input from
either of the two input ports of the ferrite switch, to im-
plement a function of a double single pole double throw
switch, and enable the double single pole double throw
switch to have areciprocal characteristic. In addition, the
double single pole double throw switch maintains low in-
sertion loss characteristics of the ferrite circulator and
the magic T. This can significantly improve performance
of the ferrite switch, and then improve performance of an
antenna.

[0019] In a possible implementation, the coupler in-
cludes a third magic T, the third magic T includes a third
input port, a fourth input port, a third output port, and a
fourth output port, where the third input port and the fourth
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input port are configured to simultaneously input mutually
orthogonal power signals, a power signal input from the
third input port is output in equi-amplitude in-phase
through the third output port and the fourth output port,
and a power signal input from the fourth input port is
outputin equi-amplitude phase-inverted through the third
output port and the fourth output port.

[0020] In this embodiment of this application, the third
magic T, the ferrite circulators connected to the short-
circuit loads, and the first magic T are disposed in com-
bination. The two ferrite circulators are controlled to be
in the same magnetic field bias state or the different mag-
netic field bias states, and mutually orthogonal power
signals are controlled to be simultaneously input from the
two input ports of the ferrite switch, so that a function of
a double pole double throw switch is implemented, and
the double pole double throw switch has a reciprocal
characteristic. In addition, the double pole double throw
switch maintains low insertion loss characteristics of the
ferrite circulator and the magic T. This can significantly
improve performance of the ferrite switch, and then im-
prove performance of an antenna.

[0021] In a possible implementation, the ferrite circu-
lator includes the waveguide, microstrip, or stripline form.
[0022] The ferrite circulator may be disposed in various
forms such as a waveguide, a microstrip, or a stripline,
and can flexibly adapt to various port types, and this im-
proves applicability of the ferrite switch.

[0023] In a possible implementation, the first magic T
includes the waveguide, microstrip, or stripline form.
[0024] The first magic T may be disposed in various
forms such as a waveguide, a microstrip, or a stripline,
and can flexibly adapt to various port types, and this im-
proves applicability of the ferrite switch.

[0025] In a possible implementation, the ferrite switch
further includes two coils, and the two coils are respec-
tively connected to the two ferrite circulators, and are
configured to provide the first magnetic field bias state
or the second magnetic field bias state for the ferrite cir-
culators.

[0026] The ferrite circulator may be controlled to be in
the first magnetic field bias state or the second magnetic
field bias state by controlling switches and current direc-
tions of the two coils.

[0027] Another aspect of embodiments of this applica-
tion provides a microwave antenna, including atleastone
ferrite switch described above, where the ferrite switch
is connected to a feed of the microwave antenna, and
the ferrite switch is configured to control the microwave
antenna to perform beam sweeping.

[0028] Still another aspect of embodiments of this ap-
plication provides an electronic device, including the mi-
crowave antenna described above.

[0029] Embodiments of this application provide a fer-
rite switch, an antenna and an electronic device. A cou-
pler, ferrite circulators connected to short-circuit loads,
and a first magic T are disposed in combination as the
ferrite switch. The two ferrite circulators are controlled to
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be in a same magnetic field bias state or different mag-
netic field bias states, to implement a reciprocal function
of the ferrite switch. In addition, the ferrite switch main-
tains low insertion loss characteristics of the ferrite cir-
culator and the magic T. This can significantly improve
performance of the ferrite switch, improve performance
of an antenna that has the ferrite switch, and improve
performance of the electronic device.

BRIEF DESCRIPTION OF DRAWINGS
[0030]

FIG. 1 is a schematic diagram of a structure of a
ferrite switch according to an embodiment of this ap-
plication;

FIG. 2 is a schematic diagram of a structure of a
ferrite circulator according to an embodiment of this
application;

FIG. 3 is a schematic diagram of a structure of a first
magic T according to an embodiment of this appli-
cation;

FIG. 4 is a schematic diagram of a structure of a
single pole double throw switch according to an em-
bodiment of this application;

FIG. 5 is a schematic diagram of a structure of a
single pole four throw switch according to an embod-
iment of this application;

FIG. 6 is a schematic diagram of a structure of a
double single pole double throw switch according to
an embodiment of this application; and

FIG. 7 is a schematic diagram of a structure of a
double pole double throw switch according to an em-
bodiment of this application.

Reference numerals:

[0031] 100-Coupler; 11-Three dB coupler; 12-Second
magic T; 13-Third magic T; 200-Ferrite circulator; 21-
Short-circuit load; R1-First port; R2-Second port; R3-
Third port; 300-First magic T; K1-First single pole double
throw switch; K2-Second single pole double throw switch;
K3-Third single pole double throw switch.

DESCRIPTION OF EMBODIMENTS

[0032] High-frequency switches include an electrome-
chanical switch, a semiconductor active switch and a fer-
rite switch. The electromechanical switch controls a con-
nected/disconnected state of a link through a micro elec-
tromechanical system to implement a switch function.
The semiconductor active switch implements a switch
function by changing a direction of a diode bias voltage
to control connection and disconnection of a link. The
ferrite switch controls a correspondence between ports
by changing an external magnetization status, to imple-
ment a switch selection function.

[0033] However, the foregoing three high-frequency
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switches each have different defects. Main disadvantag-
es of the electromechanical switch are high costs, a slow
response, and limited service life reliability. Therefore, it
is difficult to apply the electromechanical switch to some
scenarios in which switches need to be frequently
switched. A main disadvantage of the semiconductor ac-
tive switch, for example, a PIN switch, is a high insertion
loss. Therefore, it is difficult to apply the semiconductor
active switch to some scenarios in which an insertion loss
of a system is sensitive. Performance of the ferrite switch
is between the electromechanical switch and the semi-
conductor active switch, and the ferrite switch is applica-
ble to most scenarios. However, in a same external mag-
netic field state, reciprocity cannot be implemented be-
tween two ports of the ferrite switch, and this non-reci-
procity characteristic affects use flexibility of the high-
frequency switches.

[0034] In a related technology, a Y-junction combined
ferrite switch or a differential phase-shift ferrite switch is
used, and this can resolve a problem that reciprocity can-
not be implemented for the ferrite switch. The Y-junction
combined ferrite switch means that three Y-junction cir-
culators are disposed, and a switch that may be used for
bidirectional transmission is formed by controlling an an-
nular direction of each circulator. The reciprocity of the
switch is implemented by adding a phase shifter to the
differential phase-shift ferrite switch and controlling a dif-
ferential phase shiftto be close to 0 or 180 degrees. How-
ever, when the Y-junction combined or differential phase-
shift ferrite switch is used, an additional transmission link
and the phase shifter complicate a structure of the ferrite
switch, and energy and gain losses are high when the
ferrite switch is connected to a circuit at the same time.
[0035] To resolve the foregoing problem, embodi-
ments of this application provide a ferrite switch and an
antenna. A coupler, two ferrite circulators, and a magic
T are combined, so that reciprocity can be implemented
for the ferrite switch, and an advantage of a low insertion
loss of the ferrite switch is maintained.

[0036] The following describes the ferrite switch, the
microwave antenna, and the electronic device provided
in embodiments of this application with reference to the
accompanying drawings.

[0037] An embodiment of this application provides an
electronic device, including but not limited to a mobile or
fixed terminal with an antenna, such as a mobile phone,
a tablet computer, a notebook computer, an ultra-mobile
personal computer (ultra-mobile personal computer,
UMPC), ahandheld computer, awalkie-talkie, anetbook,
a POS machine, a personal digital assistant (personal
digital assistant, PDA), a wearable device, a virtual reality
device, a wireless USB flash drive, a Bluetooth speak-
er/headset, or a vehicle-mounted apparatus.

[0038] The antenna may be used in a radio device to
transmit or receive an electromagnetic wave. A same
antenna may be used as a transmit antenna or a receive
antenna, and characteristic parameters of the antenna
are the same when the antenna is used as the transmit



7 EP 4 120 469 A1 8

antenna and the receive antenna, that is, the antenna
has a reciprocal characteristic. The ferrite switch is con-
nected to afeed of the microwave antenna, and the ferrite
switch is configured to control the microwave antenna to
perform beam sweeping. To achieve the reciprocal char-
acteristic of the antenna, a high-frequency switch used
in the antenna, for example, the ferrite switch, also needs
to have the reciprocal characteristic.

[0039] FIG. 1is a schematic diagram of a structure of
a ferrite switch according to an embodiment of this ap-
plication. Refer to FIG. 1. An embodiment of this appli-
cation provides a ferrite switch, including a coupler 100,
a first magic T 300, and two ferrite circulators 200. The
two ferrite circulators 200 are connected in parallel be-
tween the coupler 100 and the first magic T 300.

[0040] The coupler 100 refers to a device that can di-
vide one channel of microwave power into several chan-
nels proportionally and combine several channels of mi-
crowave power into one channel. In this embodiment of
this application, the coupler 100 has two output ports S1
and S2, and the two output ports S1 and S2 may output
equi-amplitude in-phase power signals or equi-amplitude
phase-inverted power signals. Specifically, the coupler
100 may be a three dB coupler, a magic T, or the like
that can output two channels of equi-amplitude in-phase
or equi-amplitude phase-inverted power signals.

[0041] FIG. 2 is a schematic diagram of a structure of
a ferrite circulator according to an embodiment of this
application. Refer to FIG. 2. An embodiment of this ap-
plication provides a ferrite circulator 200. The ferrite cir-
culator 200 is a three-port device and has a first port R1,
a second port R2, and a third port R3, and the second
port R2 is connected to a short-circuit load 21.

[0042] The short-circuit load 21 is a waveguide sheet.
The short-circuit load 21 is configured as follows: When
the ferrite circulator 200 is in a first magnetic field bias
state, a power signal input from the first port R1 outputs
a first phase from the third port R3; and when the ferrite
circulator 200 is in a second magnetic field bias state,
after being reflected by the second port R2, a power sig-
nal input from the first port R1 outputs a second phase
from the third port R3, where a phase difference between
the first phase and the second phase is 180 degrees.
[0043] First ports R1 of the two ferrite circulators 200
are respectively connected to two output ports S1 and
S2 of the coupler 100, and are configured to respectively
receive power signals from the two output ports S1 and
S2 of the coupler 100.

[0044] When the two output ports S1 and S2 of the
coupler 100 output equi-amplitude in-phase power sig-
nals, the first ports R1 of the two ferrite circulators 200
input the equi-amplitude in-phase power signals. If the
two ferrite circulators 200 are setto be in a same magnetic
field bias state, to be specific, both are in the firstmagnetic
field bias state or both are in the second magnetic field
bias state, third ports R3 of the two ferrite circulators 200
output the equi-amplitude in-phase power signals. If the
two ferrite circulators 200 are set to be in different mag-
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netic field bias states, to be specific, in the first magnetic
field bias state and the second magnetic field bias state
respectively, the third ports R3 of the two ferrite circula-
tors 200 output the equi-amplitude phase-inverted power
signals.

[0045] Similarly, it can be learned that when the two
output ports S1 and S2 of the coupler 100 output the
equi-amplitude phase-inverted power signals, the first
ports R1 of the two ferrite circulators 200 input the equi-
amplitude phase-inverted power signals. If the two ferrite
circulators 200 are set to be in the same magnetic field
bias state, the third ports R3 of the two ferrite circulators
200 output the equi-amplitude phase-inverted power sig-
nals. If the two ferrite circulators 200 are set to be in the
different magnetic field bias states, the third ports R3 of
the two ferrite circulators 200 output the equi-amplitude
in-phase power signals.

[0046] On the contrary, when the third ports R3 of the
two ferrite circulators 200 input the equi-amplitude in-
phase power signals, if the two ferrite circulators 200 are
in a same magnetic field bias state, the first ports R1 of
the two ferrite circulators 200 output the equi-amplitude
in-phase power signals; or if the two ferrite circulators
200 are in different magnetic field bias states, the first
ports R1 of the two ferrite circulators 200 output the equi-
amplitude phase-inverted power signals. When the third
ports R3 of the two ferrite circulators 200 input the equi-
amplitude phase-inverted power signals, if the two ferrite
circulators 200 are in the different magnetic field bias
states, the first ports R1 of the two ferrite circulators 200
output the equi-amplitude in-phase power signals; or if
the two ferrite circulators 200 are in the same magnetic
field bias state, the first ports R1 of the two ferrite circu-
lators 200 output the equi-amplitude phase-inverted
power signals.

[0047] FIG. 3 is a schematic diagram of a structure of
a first magic T according to an embodiment of this appli-
cation. Refer to FIG. 3. A first magic T 300 is a four-port
device, is formed by combining an E-T power divider and
an H-T power divider that have a symmetric surface, and
includes two input ports P1 and P2 and two output ports
P3 and P4. P3 forms an H-T power divider with P1 and
P2, and P4 forms an E-T power divider with P1 and P2.
A function of the first magic T satisfies: When P1 and P2
input equi-amplitude in-phase power signals, a combined
power signal thereof is output from P3. When P1 and P2
input equi-amplitude phase-inverted power signals, a
combined power signal thereof is output from P4. On the
contrary, a power signal input from P3 is output as equi-
amplitude in-phase power signals through P1 and P2,
and a power signal input from P4 is output as the equi-
amplitude phase-inverted power signals through P1 and
P2.

[0048] The two input ports P1 and P2 of the first magic
T 300 are respectively connected to the third ports R3 of
the two ferrite circulators 200.

[0049] A working process of the ferrite switch provided
in this embodiment of this application is as follows.
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[0050] When two output ports S1 and S2 of a coupler
100 output the equi-amplitude in-phase power signals, if
the two ferrite circulators 200 are set to be in a same
magnetic field bias state, the third ports R3 of the two
ferrite circulators 200 output the equi-amplitude in-phase
power signals, and the equi-amplitude in-phase power
signals are input from the two input ports P1 and P2 of
the first magic T 300, and are output from the output port
P3 of the first magic T 300. If the two ferrite circulators
200 are set to be in different magnetic field bias states,
the third ports R3 of the two ferrite circulators 200 output
the equi-amplitude phase-inverted power signals, and
the equal-amplitude phase-inverted power signals are
input from the two input ports P1 and P2 of the first magic
T 300, and are output from the output port P4 of the first
magic T.

[0051] Similarly, when two output ports S1 and S2 of
a coupler 100 output the equi-amplitude phase-inverted
power signals, if the two ferrite circulators 200 are set to
be in a same magnetic field bias state, the third ports R3
ofthe two ferrite circulators 200 output the equi-amplitude
phase-inverted power signals, and the equi-amplitude
phase-inverted power signals are input from the two input
ports P1 and P2 of the first magic T 300, and are output
from the output port P4 of the first magic T 300. If the two
ferrite circulators 200 are set to be in different magnetic
field bias states, the third ports R3 of the two ferrite cir-
culators 200 output the equi-amplitude in-phase power
signals, and the equal-amplitude in-phase power signals
are input from the two input ports P1 and P2 of the first
magic T 300, and are output from the output port P3 of
the first magic T.

[0052] On the contrary, it may be learned that after a
power signal is input from P3 of the first magic T, the
equi-amplitude in-phase power signals are output from
P1 and P2 of the first magic T. In this case, if the two
ferrite circulators 200 are in a same magnetic field bias
state, the two ports S1 and S2 of the coupler 100 input
the equi-amplitude in-phase power signals. If the two fer-
rite circulators 200 are in different magnetic field bias
states, the two ports S1 and S2 of the coupler 100 input
the equi-amplitude phase-inverted power signals. After
a power signal is input from P4 of the first magic T 300,
the equi-amplitude phase-inverted power signals are out-
put from P1 and P2 of the first magic T 300. In this case,
if the two ferrite circulators 200 are in a same magnetic
field bias state, the two ports S1 and S2 of the coupler
100 input the equi-amplitude phase-inverted power sig-
nals. If the two ferrite circulators 200 are in different mag-
netic field bias states, the two ports S1 and S2 of the
coupler 100 input the equi-amplitude in-phase power sig-
nals.

[0053] The ferrite circulator 200 includes forms such
as awaveguide, a microstrip, or astripline. The first magic
T 300 also includes forms such as a waveguide, a micro-
strip, or a stripline. Flexible adaptation to various port
types can be implemented.

[0054] Inaddition, the ferrite switch provided in thisem-
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bodiment of this application further includes two coils (not
shown in the figure). The two coils are respectively con-
nected to the two ferrite circulators 200, and are config-
ured to provide a first magnetic field bias state or a second
magnetic field bias state for the ferrite circulator 200.
Switches and current directions of the two coils may be
controlled to control the ferrite circulator 200 to be in the
first magnetic field bias state or the second magnetic field
bias state or have no magnetic field bias state.

[0055] In conclusion, in this embodiment of this appli-
cation, the coupler 100, the ferrite circulators 200 con-
nected to short-circuit loads 21, and the first magic T 300
are disposed in combination. The two ferrite circulators
200 are controlled to be in the same magnetic field bias
state or different magnetic field bias states, to implement
a reciprocal function of the ferrite switch. In addition, the
ferrite switch maintains low insertion loss characteristics
of the ferrite circulator and the magic T. This can signif-
icantly improve performance of the ferrite switch, and
then improve performance of an antenna.

[0056] The following describes different ferrite switch-
es provided in this application with reference to accom-
panying drawings and specific embodiments.

Embodiment 1

[0057] FIG. 4 is a schematic diagram of a structure of
a single pole double throw switch according to an em-
bodiment of this application. Refer to FIG. 4. An embod-
iment of this application provides a single pole double
throw switch. The single pole double throw switch in-
cludes a three dB coupler 11, a first magic T 300, and
two ferrite circulators 200. The three dB coupler 11 has
one input port S3 and two output ports S4 and S5. First
ports R1 of the two ferrite circulators 200 are respectively
connected to the two output ports S4 and S5 of the three
dB coupler 11. Second ports R2 of the two ferrite circu-
lators 200 are respectively connected to short-circuit
loads 21, and third ports R3 of the two ferrite circulators
200 are respectively connected to two input ports P1 and
P2 of the first magic T 300.

[0058] A working process of the single pole double
throw switch provided in this embodiment of this appli-
cation is as follows.

[0059] After a power signal is input from the input port
S3 of the three dB coupler 11, the power signal is output
as equi-amplitude in-phase power signals from the two
output ports S4 and S5 of the three dB coupler 11. In this
case, if the two ferrite circulators 200 are set to be in a
same magnetic field bias state, third ports R3 of the two
ferrite circulators 200 output the equi-amplitude in-phase
power signals, and finally a power signal is output from
an output port P3 of the firstmagic T 300. If the two ferrite
circulators 200 are set to be in different magnetic field
bias states, third ports R3 of the two ferrite circulators
200 output equi-amplitude phase-inverted power signals,
and finally a power signal is output from an output port
P4 of the first magic T 300.
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[0060] On the contrary, it may be learned that when a
power signal is input from the port P3 of the first magic
T 300, the two ferrite circulators 200 are set to be in a
same magnetic field bias state, so that a power signal
can be finally output from the port S3 of the three dB
coupler 11. When a power signal is input from the port
P4 of the first magic T 300, the two ferrite circulators 200
are set to be in different magnetic field bias states, so
that a power signal can be output from the port S3 of the
three dB coupler 11.

[0061] The three dB coupler includes various forms
such as a waveguide, a microstrip, or a stripline, and can
flexibly adapt to various port types.

[0062] Accordingto the single pole double throw switch
provided in this embodiment of this application, the three
dB coupler, the ferrite circulators connected to the short-
circuit loads, and the first magic T are disposed in com-
bination. The two ferrite circulators are controlled to be
in a same magnetic field bias state or different magnetic
field bias states, to implement a function of the single
pole double throw switch, and enable the single pole dou-
ble throw switch to have a reciprocal characteristic. In
addition, the single pole double throw switch maintains
low insertion loss characteristics of the ferrite circulator
and the magic T. This can significantly improve perform-
ance of the ferrite switch, and then improve performance
of an antenna.

Embodiment 2

[0063] FIG. 5 is a schematic diagram of a structure of
a single pole four throw switch according to an embodi-
ment of this application. Refer to FIG. 5. An embodiment
of this application provides a single pole four throw
switch. The single pole four throw switch is formed by
connecting three single pole double throw switches pro-
vided in Embodiment 1. A first single pole double throw
switch K1 is disposed in series with a second single pole
double throw switch K2 and a third single pole double
throw switch K3 that are disposed in parallel.

[0064] Specifically, an input port S3 of a three dB cou-
pler 11 of the first single pole double throw switch K1 is
used as an input port of the single pole four throw switch,
and two output ports P3 and P4 of a first magic T 300 of
the first single pole double throw switch K1 are respec-
tively connected to an input port S3 of a three dB coupler
11 of the second single pole double throw switch K2 and
an input port S3 of a three dB coupler 11 of the third
single pole double throw switch K3, output ports P3 and
P4 of the first magic T 300 of the second single pole
double throw switch K2 and the first magic T 300 of the
third single pole double throw switch K3 are used as out-
put ports of the single pole four throw switch. For specific
structures of the first single pole double throw switch K1,
the second single pole double throw switch K2, and the
third single pole double throw switch K3, refer to the de-
scriptions in Embodiment 1. Details are not described
herein again.
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[0065] A working process of the single pole four throw
switch provided in this embodiment of this application is
as follows.

[0066] After a power signal is input from the input port
S3ofthethree dB coupler 11 of thefirst single pole double
throw switch K1, when two ferrite circulators 200 of the
first single pole double throw switch K1 are in a same
magnetic field bias state, the power signal is output from
the output port P3 of the first magic T 300 of the first
single pole double throw switch K1. In this case, if the
two ferrite circulators 200 of the second single pole dou-
ble throw switch K2 are in a same magnetic field bias
state, a power signal is output from the output port P3 of
the first magic T 300 of the second single pole double
throw switch K2. If the two ferrite circulators 200 of the
second single pole double throw switch K2 are in different
magnetic field bias states, a power signal is output from
the output port P4 of the first magic T 300 of the second
single pole double throw switch K2. After a power signal
is input from the input port S3 of the three dB coupler 11
of the first single pole double throw switch K1, when the
two ferrite circulators 200 of the first single pole double
throw switch K1 are in different magnetic field bias states,
a power signal is output from the output port P4 of the
first magic T 300 of the first single pole double throw
switch K1. In this case, if two ferrite circulators 200 of the
third single pole double throw switch K3 are in the same
magnetic field bias state, a power signal is output from
the output port P3 of the first magic T 300 of the third
single pole double throw switch K2. If two ferrite circula-
tors 200 of the third single pole double throw switch K2
are in different magnetic field bias states, a power signal
is output from the output port P4 of the first magic T 300
of the third single pole double throw switch K2.

[0067] On the contrary, when a power signal is input
from the P3 port of the first magic T 300 of the second
single pole double throw switch K2, the two ferrite circu-
lators 200 of the second single pole double throw switch
K2 and the two ferrite circulators 200 of the first single
pole double throw switch K1 are respectively in a same
magnetic field bias state, and a power signal is finally
output from the S3 port of the three dB coupler 11 of the
first single pole double throw switch K1. When a power
signal is input from the P4 port of the first magic T 300
of the second single pole double throw switch K2, the
two ferrite circulators 200 of the second single pole dou-
ble throw switch K2 are set to be in different magnetic
field bias states and the two ferrite circulators 200 of the
first single pole double throw switch K1 are set to be in
a same magnetic field bias state, and a power signal is
finally output from the S3 port of the three dB coupler 11
of the first single pole double throw switch K1. When a
power signal is input from the P3 port of the first magic
T 300 of the third single pole double throw switch K3, the
two ferrite circulators 200 of the third single pole double
throw switch K2 are set to be in a same magnetic field
bias state and the two ferrite circulators 200 of the first
single pole double throw switch K1 are set to be in dif-
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ferent magnetic field bias states, and a power signal is
finally output from the S3 port of the three dB coupler 11
of the first single pole double throw switch K1. When a
power signal is input from the P4 port of the first magic
T 300 of the third single pole double throw switch K2, the
two ferrite circulators 200 of the first single pole double
throw switch K1 and the two ferrite circulators 200 of the
second single pole double throw switch K2 are respec-
tively in different magnetic field bias states, and a power
signal is finally output from the S3 port of the three dB
coupler 11 of the first single pole double throw switch K1.
[0068] It should be noted that, according to a structure
and a working principle of the single pole four throw
switch provided in this embodiment of this application, it
is not difficult to figure out that a plurality of single pole
double throw switches may be further disposed in series
and parallel, to implement a function of a single pole multi
throw switch.

[0069] According to the single pole four throw switch
provided in this embodiment of this application, one sin-
gle pole double throw switch and two parallel single pole
double throw switches are disposed in series. Each sin-
gle pole double throw switch is obtained from combina-
tion of the three dB coupler, the ferrite circulators con-
nected to the short-circuit loads, and the first magic T.
By controlling magnetic field bias states of three groups
of ferrite circulators, a function of a single pole four throw
switch is implemented, and the single pole four throw
switch is enabled to have a reciprocal characteristic. In
addition, the single pole four throw switch maintains low
insertion loss characteristics of the ferrite circulator and
the magic T. This can significantly improve performance
of the ferrite switch, and then improve performance of an
antenna.

Embodiment 3

[0070] FIG. 6 is a schematic diagram of a structure of
a double single pole double throw switch according to an
embodiment of this application. Refer to FIG. 6. An em-
bodiment of this application provides a double single pole
double throw switch. The double single pole double throw
switch includes a second magic T 12, a first magic T 300,
and two ferrite circulators 200. The second magic T 12
has a first input port S6, a second input port S7, a first
output port S8, and a second output port S9, either of the
first input port S6 and the second input port S7 is config-
ured to input a power signal, a power signal input from
the firstinput port S6 is output in equi-amplitude in-phase
through the first output port S8 and the second output
port S9, and a power signal input from the second input
port S7 is output in equi-amplitude phase-inverted
through the first output port S8 and the second output
port S9.

[0071] First ports R1 of the two ferrite circulators 200
are respectively connected to the first output port S8 and
the second output port S9 of the second magic T 12,
second ports R2 of the two ferrite circulators 200 are
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respectively connected to short-circuit loads 21, and third
ports R3 of the two ferrite circulators 200 are respectively
connected to two input ports P1 and P2 of the first magic
T 300.

[0072] A working process of the double single pole
double throw switch provided in this embodiment of this
application is as follows.

[0073] After a power signal is input from the first input
port S6 of the second magic T 12, the power signal is
output as equi-amplitude in-phase signals from the first
output port S8 and the second output port S9 of the sec-
ond magic T 12. In this case, if the two ferrite circulators
200 are set to be in a same magnetic field bias state,
third ports R3 of the two ferrite circulators 200 output
equi-amplitude in-phase power signals, and finally a pow-
er signal is output from an output port P3 of the first magic
T 300. If the two ferrite circulators 200 are set to be in
different magnetic field bias states, third ports R3 of the
two ferrite circulators 200 output equi-amplitude phase-
inverted power signals, and finally a power signal is out-
put from an output port P4 of the first magic T 300.
[0074] After a power signal is input from the second
input port S7 of the second magic T 12, the power signal
is output from the first output ports S8 and the second
output ports S9 of the second magic T 12 in equi-ampli-
tude phase-inverted. In this case, if the two ferrite circu-
lators 200 are set to be in a same magnetic field bias
state, third ports R3 of the two ferrite circulators 200 out-
put equi-amplitude phase-inverted power signals, and fi-
nally a power signal is output from an output port P4 of
the first magic T 300. If the two ferrite circulators 200 are
set to be in different magnetic field bias states, third ports
R3 of the two ferrite circulators 200 output equi-amplitude
in-phase power signals, and finally a power signal is out-
put from the output port P3 of the first magic T 300.
[0075] On the contrary, when a power signal is input
from the port P3 of the first magic T 300, the two ferrite
circulators 200 are set to be in a same magnetic field
bias state, so that the power signal can be finally output
from the first input port S6 of the second magic T 12, and
the two ferrite circulators 200 are set to be in opposite
magnetic field bias states, so that the power signals can
be finally output from the second input port S7 of the
second magic T 12. When a power signal is input from
the port P4 of the first magic T 300, the two ferrite circu-
lators 200 are set to be in a same magnetic field bias
state, so that the power signal may be finally output from
the second input port S7 of the second magic T 12, and
the two ferrite circulators 200 are set to be in opposite
magnetic field bias states, so that a power signal may be
finally output from the first input port S6 of the second
magic T 12.

[0076] The second magic T 12 includes various forms
such as a waveguide, a microstrip, or a stripline, and can
flexibly adapt to various port types.

[0077] According to the double single pole double
throw switch provided in this embodiment of this appli-
cation, the second magic T, the ferrite circulators con-
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nected to the short-circuit loads, and the first magic T are
disposed in combination. The two ferrite circulators are
controlled to be in a same magnetic field bias state or
different magnetic field bias states, and a power signal
is input from either of the two input ports of the ferrite
switch, to implement a function of the double single pole
double throw switch, and enable the double single pole
double throw switch to have a reciprocal characteristic.
In addition, the double single pole double throw switch
maintains low insertion loss characteristics of the ferrite
circulator and the magic T. This can significantly improve
performance of the ferrite switch, and then improve per-
formance of an antenna.

Embodiment 4

[0078] FIG. 7 is a schematic diagram of a structure of
a double pole double throw switch according to an em-
bodiment of this application. Refer to FIG. 7. An embod-
iment of this application provides a double pole double
throw switch. The double pole double throw switch in-
cludes a third magic T 13, a first magic T 300, and two
ferrite circulators 200. The third magic T 13 has a third
input port S10, a fourth input port S11, a third output port
S12, and a fourth output port S13, the third input port S10
and the fourth input port S11 are configured to input mu-
tually orthogonal power signals simultaneously, a power
signal input from the third input port S10 is output in equi-
amplitude in-phase through the third output port S12 and
the fourth output port S13, and a power signal input from
the fourth input port S11 is output in equi-amplitude
phase-inverted through the third output port S12 and the
fourth output port S13.

[0079] First ports R1 of the two ferrite circulators 200
are respectively connected to the third output port S12
and the fourth output port S13 of the third magic T 13,
second ports R2 of the two ferrite circulators 200 are
respectively connected to short-circuit loads 21, and third
ports R3 of the two ferrite circulators 200 are respectively
connected to two input ports P1 and P2 of the first magic
T 300.

[0080] A working process of the double pole double
throw switch provided in this embodiment of this appli-
cation is as follows.

[0081] After the mutually orthogonal power signals are
input from the third input port S10 and the fourth input
port S11 of the third magic T 13, the power signals do
not interfere with each other. The power signal input from
the third input port S10 is output as afirst channel of equi-
amplitude in-phase power signals from the third output
port S12 and the fourth output port S13 of the third magic
T 13, and the power signal input from the fourth input
port S11 of the third magic T 13 is output as a second
channel of equi-amplitude phase-inverted power signals
from the third output port S12 and the fourth output port
S13 of the third magic T 13.

[0082] Inthis case, if the two ferrite circulators 200 are
set to be in a same magnetic field bias state, the first
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channel of power signals in equi-amplitude in-phase con-
tinuously output equi-amplitude in-phase power signals
through the third ports R3 of the two ferrite circulators
200, and finally the first channel of power signals are
output from an output port P3 of the first magic T 300.
While the second channel of power signals in equi-am-
plitude phase-inverted continuously output the equi-am-
plitude phase-inverted power signals through the third
ports R3 of the two ferrite circulators 200, and finally the
second channel of power signals are output from an out-
put port P4 of the first magic T 300.

[0083] In this case, if the two ferrite circulators 200 are
set to be in different magnetic field bias states, the first
channel of equi-amplitude in-phase power signals are
output as equi-amplitude phase-inverted power signals
through the third ports R3 of the two ferrite circulators
200, and finally are output from an output port P4 of the
first magic T 300; and the second channel of equi-ampli-
tude phase-inverted power signals are output as the equi-
amplitude in-phase power signals through the third ports
R3 of the two ferrite circulators 200, and finally are output
from an output port P3 of the first magic T 300.

[0084] On the contrary, it may be learned that when
power signals that are mutually orthogonal are respec-
tively input from the ports P3 and P4 of the first magic T
300, the power signals do not interfere with each other.
If the two ferrite circulators 200 are set to be in a same
magnetic field bias state, so that the power signal input
from the port P3 of the first magic T 300 can be finally
output from the third input port S10 of the third magic T
13, and the power signal input from the port P4 of the
first magic T 300 can be finally output from the fourth
input port S11 of the third magic T 13. If the two ferrite
circulators 200 are set to be in opposite magnetic field
bias states, the power signal input from the port P3 of
the first magic T 300 can be finally output from the fourth
input port S11 of the third magic T 13, and the power
signal input from the port P4 of the first magic T 300 can
be finally output from the third input port S10 of the third
magic T 13.

[0085] The third magic T 13 includes various forms
such as a waveguide, a microstrip, or a stripline, and can
flexibly adapt to various port types.

[0086] According to the double pole double throw
switch provided in this embodiment of this application,
the third magic T, the ferrite circulators connected to the
short-circuit loads, and the first magic T are disposed in
combination. The two ferrite circulators are controlled to
be in a same magnetic field bias state or different mag-
netic field bias states, and mutually orthogonal power
signals are controlled to be simultaneously input from the
two input ports of the ferrite switch, so that a function of
the double pole double throw switch isimplemented, and
the double pole double throw switch is enabled to have
a reciprocal characteristic. In addition, the double pole
double throw switch maintains low insertion loss charac-
teristics of the ferrite circulator and the magic T. This can
significantly improve performance of the ferrite switch,
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and then improve performance of an antenna.

[0087] Finally,itshould be noted that the foregoing em-
bodiments are merely intended for describing the tech-
nical solutions of embodiments of this application other
than limiting embodiments of this application. Although
embodiments of this application are described in detail
with reference to the foregoing embodiments, persons
of ordinary skill in the art should understand that they
may still make modifications to the technical solutions
described in the foregoing embodiments or make equiv-
alent replacements to some or all technical features
thereof, without departing from the scope of the technical
solutions of embodiments of this application.

Claims

1. A ferrite switch, comprising a coupler, a first magic
T and two ferrite circulators, wherein

the ferrite circulators have first ports, second
ports, and third ports, the second ports are con-
nected to short-circuit loads, the first ports of the
two ferrite circulators are respectively connect-
ed to two output ports of the coupler, the two
output ports of the coupler are configured to out-
put equi-amplitude in-phase or equi-amplitude
phase-inverted power signals, and the third
ports of the two ferrite circulators are respective-
ly connected to two input ports of the first magic
T; and after the equi-amplitude in-phase or equi-
amplitude phase-inverted power signals are in-
put from the two input ports of the first magic T,
the power signals are output from two output
ports of the first magic T respectively;

the short-circuit load is configured as follows:
when the ferrite circulator is in a first magnetic
field bias state, a power signal input from the
first port outputs a first phase from the third port;
and when the ferrite circulator is in a second
magnetic field bias state, after being reflected
by the second port, a power signal input from
the first port outputs a second phase from the
third port, wherein a phase difference between
the first phase and the second phase is 180 de-
grees; and

the two ferrite circulators are configured to have
a same magnetic field bias state or different
magnetic field bias states.

2. The ferrite switch according to claim 1, wherein the
coupler comprises a three dB coupler, the three dB
coupler has one input port and two output ports, and
after a power signal is input from the input port of the
three dB coupler, the power signal is output from the
two output ports of the three dB coupler in equi-am-
plitude in-phase; and a single pole double throw
switch comprises the one three dB coupler, the one
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10.

first magic T, and the two ferrite circulators.

The ferrite switch according to claim 2, wherein there
are three single pole double throw switches, and a
first single pole double throw switch is disposed in
series with a second single pole double throw switch
and a third single pole double throw switch that are
disposed in parallel.

The ferrite switch according to claim 2 or 3, wherein
the three dB coupler comprises a waveguide, micro-
strip, or stripline form.

The ferrite switch according to claim 1, wherein the
coupler comprises a second magic T, the second
magic T has a first input port, a second input port, a
first output port, and a second output port, wherein
either of the first input port and the second input port
is configured to input a power signal, a power signal
input from the first input port is output in equi-ampli-
tude in-phase through the first output port and the
second output port, and a power signal input from
the second input port is output in equi-amplitude
phase-inverted through the first output port and the
second output port.

The ferrite switch according to claim 1, wherein the
coupler comprises a third magic T, the third magic
T comprises a third input port, a fourth input port, a
third output port, and a fourth output port, wherein
the third input port and the fourth input port are con-
figured to simultaneously input mutually orthogonal
power signals, a power signal input from the third
input port is output in equi-amplitude in-phase
through the third output port and the fourth output
port, and a power signal input from the fourth input
port is output in equi-amplitude phase-inverted
through the third output port and the fourth output
port.

The ferrite switch according to any one of claims 1
to 6, wherein the ferrite circulator comprises the
waveguide, microstrip, or stripline form.

The ferrite switch according to any one of claims 1
to 7, wherein the first magic T comprises the
waveguide, microstrip, or stripline form.

The ferrite switch according to any one of claims 1
to 8, wherein the ferrite switch further comprises two
coils, and the two coils are respectively connected
to the two ferrite circulators, and are configured to
provide the first magnetic field bias state or the sec-
ond magnetic field bias state for the ferrite circula-
tors.

A microwave antenna, comprising at least one ferrite
switch according to any one of claims 1 to 9, wherein
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the ferrite switch is connected to a feed of the micro-
wave antenna, and the ferrite switch is configured to
control the microwave antenna to perform beam
sweeping.

An electronic device, comprising the microwave an-
tenna according to claim 10.

10

15

20

25

30

35

40

45

50

55

1"

20



EP 4 120 469 A1

100 300

21
R2
S1 Rl
P3

P4
S2 Rl
R2

FIG. 2

12



S3

EP 4 120 469 A1

P4
Pl
P2
P3
FIG. 3
300
11 200
21
R2
S4 RI
P3
‘-—-—-\-~' R3 Pl
R3 P2
S5 Rri P4
R2
200 a1

FIG. 4

13



__________________________

_____________



EP 4 120 469 A1

12 300

200 21

FIG. 6

13 300

+90°

200 21

FIG. 7

15



10

15

20

25

30

35

40

45

50

55

EP 4 120 469 A1

INTERNATIONAL SEARCH REPORT

International application No.
PCT/CN2021/088413

A.

CLASSIFICATION OF SUBJECT MATTER

HOIP 1/11(2006.01)i; HOIP 5/20(2006.01)i; HO1P 5/12(2006.01)i

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

B.

FIELDS SEARCHED

HO1P

Minimum documentation searched (classification system followed by classification symbols)

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)

CNABS; CNKI; CNTXT; VEN; USTXT; WOTXT; EPTXT; [EEE: #:%1F, #8488, BET, ¥ ., fRE., A5{iL; ferrite?, coupler,

magic T, port, bias, phase

C.

DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A CN 104393374 A (NANJING GUORUI MICROWAVE DEVICES CO., LTD.) 04 March 1-11

2015 (2015-03-04)

description, paragraphs [0014]-[0018], and figures 1-2

A CN 105281005 A (AIR FORCE ENGINEERING UNIVERSITY, PLA) 27 January 2016 1-11

(2016-01-27)

description, paragraphs [0043]-[0048], and figures 1-6

A US 2015194720 Al (THE BOARD OF TRUSTEES OF THE LELAND STANFORD 1-11

entire document

JUNIOR UNIVERSITY) 09 July 2015 (2015-07-09)

A CN 105322264 A (THE BOEING COMPANY) 10 February 2016 (2016-02-10) 1-11

entire document

DFurther documents are listed in the continuation of Box C.

See patent family annex.

dod 2.

3

Special categories of cited documents:

document defining the general state of the art which is not considered
to be of particular relevance

earlier application or patent but published on or after the international
filing date

document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

document referring to an oral disclosure, use, exhibition or other
means

document published prior to the international filing date but later than
the priority date claimed

e

axn

g

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand the
principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

> document of particular relevance; the claimed invention cannot be

considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search

05 July 2021

Date of mailing of the international search report

09 July 2021

Name and mailing address of the ISA/CN

Facsimile No. (86-10)62019451

China National Intellectual Property Administration (ISA/
CN)

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

China

Authorized officer

Telephone No.

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

16




10

15

20

25

30

35

40

45

50

55

INTERNATIONAL SEARCH REPORT

EP 4 120 469 A1

Information on patent family members

International application No.

PCT/CN2021/088413

Patent document

Publication date

Patent family member(s)

Publication date

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

CN 104393374 A 04 March 2015 None

CN 105281005 A 27 January 2016 CN 105281005 B 01 October 2019

Us 2015194720 Al 09 July 2015 Us 9419322 B2 16 August 2016

CN 105322264 A 10 February 2016 EP 2960983 Bl 01 April 2020
Us 2015372369 Al 24 December 2015
Us 9350064 B2 24 May 2016
EP 2960983 Al 30 December 2015
Us 2016372813 Al 22 December 2016
CN 105322264 B 12 November 2019

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

17




EP 4 120 469 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

» CN202010320788X [0001]

18



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

