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A high-frequency front end module includes a primary
antenna terminal and a secondary antenna terminal, a first
multiplexer and a second multiplexer, a switch circuit, and
a first amplifier and a second amplifier. The first multiplexer
has a first transmission filter and a first reception filter. The
second multiplexer has a second transmission filter and a
second reception filter. The switch circuit exclusively
switches connection between the primary antenna terminal
and the first multiplexer and connection between the primary
antenna terminal and the second multiplexer, and exclu-
sively switches connection between the secondary antenna
terminal and the first multiplexer and connection between
the secondary antenna terminal and the second multiplexer.
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HIGH-FREQUENCY FRONT END MODULE
AND COMMUNICATION DEVICE

[0001] This is a continuation of U.S. patent application
Ser. No. 17/222,231 filed on Apr. 5, 2021, which is a
continuation of U.S. patent application Ser. No. 16/984,512
filed on Aug. 4, 2020, which is a continuation of Interna-
tional Application No. PCT/JP2019/003988 filed on Feb. 5,
2019, which claims priority from Japanese Patent Applica-
tion No. 2018-018138 filed on Feb. 5, 2018. The contents of
these applications are incorporated herein by reference in
their entireties.

BACKGROUND OF THE DISCLOSURE

1. Field of the Disclosure

[0002] The present disclosure relates to a high-frequency
front end module and a communication device that process
a high-frequency signal.

2. Description of the Related Art

[0003] There is a demand for applying a carrier aggrega-
tion (CA) system in which different frequency bands are
simultaneously used to a multi-band and multi-mode com-
patible high-frequency front end module.

[0004] Japanese Unexamined Patent Application Publica-
tion (Translation of PCT Application) No. 2016-501467
discloses an antenna interface circuit that performs simul-
taneous transmission (two-uplink) and simultaneous recep-
tion (two-downlink) of signals in different frequency bands
using two antennas. More specifically, the antenna interface
circuit includes a first antenna interface circuit coupled to a
first antenna and a second antenna interface circuit coupled
to a second antenna. The first antenna interface circuit
includes a first quadplexer for a first band and a second band.
Additionally, the second antenna interface circuit includes a
second quadplexer for the first band and the second band.
[0005] Ina system applied to two-uplink two-downlink, as
in the antenna interface circuit disclosed in Japanese Unex-
amined Patent Application Publication (Translation of PCT
Application) No. 2016-501467, the two antennas are dis-
posed in order to suppress mutual interference of two signals
to be simultaneously transmitted, the first antenna is allo-
cated to a primary antenna that is preferentially used in terms
of antenna performance and the like, and the second antenna
is allocated to a secondary antenna. In such a system, in
order to optimize signal quality even in one-uplink, it is
necessary to transmit and receive each of the first band and
the second band by using the primary antenna. Therefore,
each of the first antenna interface circuit and the second
antenna interface circuit requires four filters of a transmis-
sion filter and a reception filter which take the first band as
a pass band and a transmission filter and a reception filter
which take the second band as a pass band. That is, since the
antenna interface circuit disclosed in Japanese Unexamined
Patent Application Publication (Translation of PCT Appli-
cation) No. 2016-501467 requires a total of eight filters,
there is a problem in that the circuit increases in size as the
number of bands increases.

BRIEF SUMMARY OF THE DISCLOSURE

[0006] Accordingly, the present disclosure has been made
in order to solve the above-described problem, and an object
of'the present disclosure is to provide a high-frequency front
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end module and a communication device which are reduced
in size and in which CA of two-uplink two-downlink can be
performed.

[0007] In order to achieve the above-described object, a
high-frequency front end module according to a preferred
embodiment of the present disclosure is a high-frequency
front end module for executing two-uplink in which a signal
in a first transmission band included in a first frequency band
and a signal in a second transmission band included in a
second frequency band which is different from the first
frequency band are simultaneously transmitted, and two-
downlink in which a signal in a first reception band included
in the first frequency band and a signal in a second reception
band included in the second frequency band are simultane-
ously received, the high-frequency front end module
includes: a primary antenna and a secondary antenna; a first
multiplexer and a second multiplexer; and a first switch
circuit having a first terminal, a second terminal, a third
terminal, and a fourth terminal, in which the first multiplexer
has a first transmission filter which takes the first transmis-
sion band as a pass band and a first reception filter which
takes the first reception band as a pass band, and does not
have a transmission filter which takes the second transmis-
sion band as a pass band, the second multiplexer has a
second transmission filter which takes the second transmis-
sion band as a pass band and a second reception filter which
takes the second reception band as a pass band, and does not
have a transmission filter which takes the first transmission
band as a pass band, the first terminal is connected to the
primary antenna, the second terminal is connected to the
secondary antenna, the third terminal is connected to an
output terminal of the first transmission filter and an input
terminal of the first reception filter, and the fourth terminal
is connected to an output terminal of the second transmis-
sion filter and an input terminal of the second reception filter.

[0008] In an existing system including a CA mode in
which high-frequency signals in the first frequency band and
the second frequency band which are two different bands are
simultaneously used, in order to ensure signal quality such
as isolation and the like of two high-frequency signals
simultaneously transmitted/received, two antenna elements,
such as a primary antenna which is preferentially used and
a secondary antenna which is secondarily used, are disposed.
In this case, because of necessity of making it possible to
transmit/receive each of the high-frequency signals in the
first frequency band and the second frequency band even by
any of the antennas, a transmission path and a reception path
of the first frequency band and a transmission path and a
reception path of the second frequency band are connected
to the primary antenna, and a transmission path and a
reception path of the first frequency band and a transmission
path and a reception path of the second frequency band are
connected and disposed also to the secondary antenna. A
filter for selectively allowing the desired frequency band to
pass therethrough is disposed in each signal path, and in the
existing configuration, it is necessary to connect four filters
of a transmission filter and a reception filter of the first
frequency band and a transmission filter and a reception
filter of the second frequency band to each of the primary
antenna and the secondary antenna, which increases the
circuit in size.

[0009] In contrast, according to the above-described con-
figuration, by disposing the first switch circuit, it is possible
to arbitrarily distribute the high-frequency signals in the first



US 2022/0182081 Al

frequency band and the second frequency band to the
primary antenna and the secondary antenna, and execute CA
of two-uplink two-downlink. Therefore, in the first multi-
plexer connected to one of the antennas, one of the two
transmission filters of the first frequency band and the
second frequency band can be reduced. In the same manner,
in the second multiplexer, the other of the two transmission
filters of the first frequency band and the second frequency
band can be reduced. That is, two or more filters can be
reduced as compared with the existing configuration. In this
configuration, one switch circuit of a two-input two-output
type is added, but the switch circuit is sufficiently smaller
than the filter. Accordingly, it is possible to provide a
small-sized high-frequency front end module in which CA
of two-uplink two-downlink can be performed.

[0010] Furthermore, in the first switch circuit, conduction
between the third terminal and the first terminal and con-
duction between the third terminal and the second terminal
may be exclusively switched, and conduction between the
fourth terminal and the first terminal and conduction
between the fourth terminal and the second terminal may be
exclusively switched.

[0011] According to this configuration, by switching the
connection state of the first switch circuit, it is possible to
arbitrarily distribute the high-frequency signals in the first
frequency band and the second frequency band to the
primary antenna and the secondary antenna, and execute CA
of two-uplink two-downlink. Therefore, in the first multi-
plexer connected to one of the antennas, one of the two
transmission filters of the first frequency band and the
second frequency band can be reduced. In the same manner,
in the second multiplexer, the other of the two transmission
filters of the first frequency band and the second frequency
band can be reduced.

[0012] Furthermore, the first multiplexer may not have a
filter which takes the second reception band as a pass band,
and the second multiplexer may not have a filter which takes
the first reception band as a pass band.

[0013] According to this configuration, in the first multi-
plexer connected to one of the antennas, the transmission
filter and the reception filter of one of the first frequency
band and the second frequency band can be reduced. Addi-
tionally, in the second multiplexer connected to the other of
the antennas, the transmission filter and the reception filter
of the other of the first frequency band and the second
frequency band can be reduced. That is, four or more filters
can be reduced as compared with the existing configuration.
Accordingly, it is possible to provide a smaller-sized high-
frequency front end module in which CA of two-uplink
two-downlink can be performed.

[0014] Furthermore, in a case where the two-uplink and
the two-downlink are performed in the first frequency band
and the second frequency band, and in a case where one-
uplink in which only one of a signal in the first transmission
band and a signal in the second transmission band is
transmitted and the two-downlink in the first frequency band
and the second frequency band are performed, one of a first
connection state in which the third terminal and the first
terminal are conductive to each other and the fourth terminal
and the second terminal are conductive to each other, and a
second connection state in which the third terminal and the
second terminal are conductive to each other and the fourth
terminal and the first terminal are conductive to each other
may be selected.
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[0015] According to this configuration, for example, in the
case of two-uplink two-downlink, a frequency band to be
transmitted/received by the primary antenna can be arbi-
trarily selected. Additionally, for example, in the case of
one-uplink two-downlink, even in a mode in which a high-
frequency signal in any of frequency bands is transmitted, a
signal path for transporting a signal in a frequency band to
be transmitted and received can be connected to the primary
antenna, and a signal path for transporting a signal in a
frequency band only for reception can be connected to the
secondary antenna.

[0016] Furthermore, the first multiplexer may further have
a fourth reception filter which takes the second reception
band as a pass band, and the second multiplexer may further
have a third reception filter which takes the first reception
band as a pass band.

[0017] According to this configuration, since the first
multiplexer has the first reception filter corresponding to the
first frequency band and the fourth reception filter corre-
sponding to the second frequency band, in a case of one-
uplink two-downlink in which a high-frequency signal in the
first frequency band is transmitted, for example, only one of
the primary antenna and the secondary antenna may be used.
Additionally, since the second multiplexer has the third
reception filter corresponding to the first frequency band and
the second reception filter corresponding to the second
frequency band, in a case of one-uplink two-downlink in
which a high-frequency signal in the second frequency band
is transmitted, for example, only one of the primary antenna
and the secondary antenna may be used. Accordingly, it is
possible to simplify the CA operation of one-uplink two-
downlink.

[0018] Furthermore, in a case where the two-uplink and
the two-downlink are performed in the first frequency band
and the second frequency band, one of a first connection
state in which the third terminal and the first terminal are
conductive to each other and the fourth terminal and the
second terminal are conductive to each other, and a second
connection state in which the third terminal and the second
terminal are conductive to each other and the fourth terminal
and the first terminal are conductive to each other may be
selected, in a case of one-uplink two-downlink in which
transmission in the first frequency band is performed and a
signal in the first reception band and a signal in the second
reception band are simultaneously received, one of a third
connection state in which the third terminal and the first
terminal are conductive to each other, and a fourth connec-
tion state in which the third terminal and the second terminal
are conductive to each other may be selected, and in a case
of one-uplink two-downlink in which transmission in the
second frequency band is performed and a signal in the first
reception band and a signal in the second reception band are
simultaneously received, one of a fifth connection state in
which the fourth terminal and the first terminal are conduc-
tive to each other, and a sixth connection state in which the
fourth terminal and the second terminal are conductive to
each other may be selected.

[0019] According to this configuration, in the case of
one-uplink two-downlink, only one of the primary antenna
and the secondary antenna may be used. Accordingly, it is
possible to simplify the CA operation of one-uplink two-
downlink.

[0020] Furthermore, a second switch circuit having a fifth
terminal, a sixth terminal, a seventh terminal, and an eighth
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terminal, a first amplifier whose output terminal is connected
to an input terminal of the first transmission filter, and a
second amplifier whose output terminal is connected to an
input terminal of the second transmission filter may further
be included, the fifth terminal may be connected to an input
terminal of the first amplifier, the sixth terminal may be
connected to an input terminal of the second amplifier, a
signal for the primary antenna may be inputted to the
seventh terminal, a signal for the secondary antenna may be
inputted to the eighth terminal, and in the second switch
circuit, conduction between the seventh terminal and the
fifth terminal may be selected in a case where conduction
between the third terminal and the first terminal is selected,
conduction between the eighth terminal and the fitth termi-
nal may be selected in a case where conduction between the
third terminal and the second terminal is selected, conduc-
tion between the seventh terminal and the sixth terminal may
be selected in a case where conduction between the fourth
terminal and the first terminal is selected, and conduction
between the eighth terminal and the sixth terminal may be
selected in a case where conduction between the fourth
terminal and the second terminal is selected.

[0021] According to this configuration, since the second
switch circuit achieves the connection state corresponding to
the connection state of the first switch circuit, it is possible
to output or input a signal for the primary antenna and a
signal for the secondary antenna without changing terminal
arrangement of a high-frequency signal processing circuit
(RFIC) that outputs a high-frequency signal to the high-
frequency front end module and to which the high-frequency
signal from the high-frequency front end module is inputted,
for example. Accordingly, it is possible to simplify the
circuit configurations of the high-frequency front end circuit
and the peripheral circuits thereof. In addition, in the exist-
ing configuration, it is necessary to provide a switch for
switching connection between a transmission amplifier and
a plurality of transmission filters included in a multiplexer,
but in this configuration, since each of the first multiplexer
and the second multiplexer has only the transmission filter of
one of the first frequency band and the second frequency
band, the switch that is necessary in the existing configu-
ration becomes unnecessary. Accordingly, it is possible to
provide a small-sized and simplified high-frequency front
end module in which CA of two-uplink two-downlink can be
performed.

[0022] Furthermore, two-uplink in which two transmis-
sion signals among a transmission signal in the first trans-
mission band included in the first frequency band, a trans-
mission signal in the second transmission band included in
the second frequency band which is different from the first
frequency band, and a transmission signal in a third trans-
mission band included in a third frequency band which is
different from the first frequency band and the second
frequency band are simultaneously transmitted, and two-
downlink in which two reception signals among a reception
signal in the first reception band included in the first fre-
quency band, a reception signal in the second reception band
included in the second frequency band, and a reception
signal in a third reception band included in the third fre-
quency band are simultaneously received may be executed,
the first multiplexer may further have a fifth transmission
filter which takes the third transmission band as a pass band
and a fifth reception filter which takes the third reception
band as a pass band, and the second multiplexer may further
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have a sixth transmission filter which takes the third trans-
mission band as a pass band and a sixth reception filter
which takes the third reception band as a pass band.

[0023] In an existing system including a CA mode in
which two high-frequency signals among high-frequency
signals in the first frequency band, the second frequency
band, and the third frequency band which are three different
bands are simultaneously used, in order to ensure signal
quality such as isolation and the like of two high-frequency
signals simultaneously transmitted/received, two antenna
elements, such as a primary antenna which is preferentially
used and a secondary antenna which is secondarily used, are
disposed. In this case, because of necessity of making it
possible to transmit/receive each of the high-frequency
signals in the first frequency band, the second frequency
band, and the third frequency band even by any of the
antennas, a transmission path and a reception path of the first
frequency band, a transmission path and a reception path of
the second frequency band, and a transmission path and a
reception path of the third frequency band are connected to
the primary antenna, and transmission paths and reception
paths are connected and disposed also to the secondary
antenna in the same manner. That is, in the existing con-
figuration, it is necessary to connect transmission filters and
reception filters (six filters in total) of the first frequency
band, the second frequency band, and the third frequency
band to each of the primary antenna and the secondary
antenna, which increases the circuit in size.

[0024] In contrast, according to the above-described con-
figuration, by switching the connection state of the first
switch circuit, it is possible to arbitrarily distribute the
high-frequency signals in the first frequency band, the
second frequency band, and the third frequency band to the
primary antenna and the secondary antenna, and execute CA
of two-uplink two-downlink. Therefore, in the first multi-
plexer connected to one of the antennas, for example, the
transmission filter of the second frequency band can be
reduced. In the same manner, in the second multiplexer, for
example, the transmission filter of the first frequency band
can be reduced. That is, two or more filters can be reduced
as compared with the existing configuration. In this con-
figuration, one switch circuit of a two-input two-output type
is added, but the switch circuit is sufficiently smaller than the
filter. Accordingly, it is possible to provide a small-sized
high-frequency front end module in which CA of two-uplink
two-downlink can be performed.

[0025] Furthermore, among a transmission signal in the
first transmission band included in the first frequency band,
a transmission signal in the second transmission band
included in the second frequency band which is different
from the first frequency band, and a transmission signal in
a third transmission band included in a third frequency band
which is different from the first frequency band and the
second frequency band, (1) two-uplink of the transmission
signal in the first transmission band and the transmission
signal in the second transmission band, and (2) two-uplink
of the transmission signal in the first transmission band and
the transmission signal in the third transmission band may
be executed, among a reception signal in the first reception
band included in the first frequency band, a reception signal
in the second reception band included in the second fre-
quency band, and a reception signal in a third reception band
which is included in the third frequency band and includes
the second reception band, (3) two-downlink of the recep-
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tion signal in the first reception band and the reception signal
in the second reception band, and (4) two-downlink of the
reception signal in the first reception band and the reception
signal in the third reception band may be executed, the first
multiplexer may further have a fourth reception filter which
takes the third reception band as a pass band, the second
multiplexer may further have a third reception filter which
takes the first reception band as a pass band, and a sixth
transmission filter which takes the third transmission band as
a pass band, and the second reception filter may take, as a
pass band, the third reception band which includes the
second reception band.

[0026] According to the above-described configuration,
since the first multiplexer does not have transmission filters
of the second frequency band and the third frequency band
and a reception filter of the second frequency band, and the
second multiplexer does not have a transmission filter of the
first frequency band and a reception filter dedicated to the
second frequency band, it is possible to provide a small-
sized high-frequency front end module in which CA of
two-uplink two-downlink of three bands including two
bands in an overlapping relationship can be performed.

[0027] Furthermore, the high-frequency front end module
may (1) execute the two-uplink and the two-downlink of the
first frequency band and the second frequency band, and (2)
be capable of executing two-uplink two-downlink in which
a high-frequency signal in a fourth frequency band which is
different from the first frequency band and the second
frequency band, and a high-frequency signal in a fifth
frequency band which is different from the first frequency
band, the second frequency band, and the fourth frequency
band are simultaneously transmitted and simultaneously
received, the first frequency band may be a band 66 of LTE
(Long Term Evolution), the second frequency band may be
a band 25 of LTE, the fourth frequency band may be a band
1 of LTE, and the fifth frequency band may be a band 3 of
LTE.

[0028] According to this configuration, it is possible to
provide a small-sized high-frequency front end module to
which the bands 66, 25, 1, and 3 of LTE are applied and in
which CA of two-uplink two-downlink of the band 66 and
the band 25, and two-uplink two-downlink of the band 1 and
the band 3 can be performed.

[0029] Furthermore, the high-frequency front end module
may (1) execute the two-uplink and the two-downlink of the
first frequency band and the second frequency band, and (2)
be capable of executing two-uplink two-downlink in which
a high-frequency signal in a fourth frequency band which is
different from the first frequency band and the second
frequency band, and a high-frequency signal in a fifth
frequency band which is different from the first frequency
band, the second frequency band, and the fourth frequency
band are simultaneously transmitted and simultaneously
received, the first frequency band may be a band 1 of LTE,
the second frequency band may be a band 3 of LTE, the
fourth frequency band may be a band 66 of LTE, and the fifth
frequency band may be a band 25 of LTE.

[0030] According to this configuration, it is possible to
provide a small-sized high-frequency front end module to
which the bands 66, 25, 1, and 3 of LTE are applied and in
which CA of two-uplink two-downlink of the band 66 and
the band 25, and two-uplink two-downlink of the band 1 and
the band 3 can be performed.
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[0031] Furthermore, a communication device according to
a preferred embodiment of the present disclosure includes:
the high-frequency front end module according to any one of
those described above, and an RF signal processing circuit
configured to process a high-frequency signal transmitted
and received by the high-frequency front end module.
[0032] According to this configuration, it is possible to
provide a small-sized communication device in which CA of
two-uplink two-downlink can be performed.

[0033] Other features, elements, characteristics and
advantages of the present disclosure will become more
apparent from the following detailed description of preferred
embodiments of the present disclosure with reference to the
attached drawings.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0034] FIG. 1 is a circuit configuration diagram of a
communication device according to Embodiment 1;

[0035] FIG. 2 is a circuit state diagram in CA of a
high-frequency front end module according to Embodiment
1;
[0036] FIG. 3 is a circuit configuration diagram of a
high-frequency front end module according to Comparative
Example 1;

[0037] FIG. 4A is a circuit configuration diagram of a
communication device according to Modification 1 of
Embodiment 1;

[0038] FIG. 4B is a circuit state diagram in a case of
two-uplink two-downlink of a high-frequency front end
module according to Modification 1 of Embodiment 1;
[0039] FIG. 4C is a circuit state diagram in a case of
one-uplink two-downlink of the high-frequency front end
module according to Modification 1 of Embodiment 1;
[0040] FIG. 5 is a circuit configuration diagram of a
communication device according to Modification 2 of
Embodiment 1;

[0041] FIG. 6 is a circuit configuration diagram of a
communication device according to Embodiment 2;

[0042] FIG. 7A is a circuit state diagram in a case of
two-uplink two-downlink of a high-frequency front end
module according to Embodiment 2;

[0043] FIG. 7B is a circuit state diagram in a case of
one-uplink two-downlink of the high-frequency front end
module according to Embodiment 2;

[0044] FIG. 8 is a circuit configuration diagram of a
high-frequency front end module according to Comparative
Example 2;

[0045] FIG. 9 is a circuit configuration diagram of a
communication device according to Modification of
Embodiment 2;

[0046] FIG. 10A is a circuit state diagram in a case of
two-uplink two-downlink of a high-frequency front end
module according to Modification of Embodiment 2;
[0047] FIG. 10B is a circuit state diagram in a case of
one-uplink (Band A) two-downlink of the high-frequency
front end module according to Modification of Embodiment
2;

[0048] FIG. 11 is a circuit configuration diagram of a
communication device according to Embodiment 3;

[0049] FIG. 12A is a circuit state diagram in a case of
two-uplink (B66/B25) two-downlink of a high-frequency
front end module according to Embodiment 3;
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[0050] FIG. 12B is a circuit state diagram in a case of
two-uplink (B1/B3) two-downlink of the high-frequency
front end module according to Embodiment 3;

[0051] FIG. 12C is a circuit state diagram in a case of
one-uplink (B66) two-downlink of the high-frequency front
end module according to Embodiment 3;

[0052] FIG. 13 is a circuit configuration diagram of a
high-frequency front end module according to Comparative
Example 3;

[0053] FIG. 14 is a circuit configuration diagram of a
communication device according to Modification 1 of
Embodiment 3;

[0054] FIG. 15A is a circuit state diagram in a case of
two-uplink (B66/B25) two-downlink of a high-frequency
front end module according to Modification 1 of Embodi-
ment 3;

[0055] FIG. 15B is a circuit state diagram in a case of
two-uplink (B1/B3) two-downlink of the high-frequency
front end module according to Modification 1 of Embodi-
ment 3;

[0056] FIG. 16 is a circuit configuration diagram of a
high-frequency front end module according to Modification
2 of Embodiment 3;

[0057] FIG. 17A is a circuit state diagram in a case of
one-uplink (B1) two-downlink of the high-frequency front
end module according to Modification 2 of Embodiment 3;

[0058] FIG. 17B is a circuit state diagram in a case of
one-uplink (B3) two-downlink of the high-frequency front
end module according to Modification 2 of Embodiment 3;

[0059] FIG. 17C is a circuit state diagram in a case of
one-uplink (B25) two-downlink of the high-frequency front
end module according to Modification 2 of Embodiment 3;

[0060] FIG. 17D is a circuit state diagram in a case of
one-uplink (B66) two-downlink of the high-frequency front
end module according to Modification 2 of Embodiment 3;

[0061] FIG. 17E is a circuit state diagram in a case of
two-uplink (B1/B3) two-downlink of the high-frequency
front end module according to Modification 2 of Embodi-
ment 3; and

[0062] FIG. 17F is a circuit state diagram in a case of
two-uplink (B66/B25) two-downlink of the high-frequency
front end module according to Modification 2 of Embodi-
ment 3.

DETAILED DESCRIPTION OF THE
DISCLOSURE

[0063] Hereinafter, embodiments of the present disclosure
will be described in detail using working examples and the
drawings. It should be noted that all embodiments described
below indicate comprehensive or specific examples.
Numerical values, shapes, materials, constituent elements,
arrangement and connection forms of the constituent ele-
ments, and the like, which will be described in the following
embodiments, are examples, and are not intended to limit the
present disclosure. Constituent elements which are not
described in independent claims among the constituent
elements in the following embodiments are described as
arbitrary constituent elements. In addition, sizes or size
ratios of the constituent elements illustrated in the drawings
are not necessarily strict.
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Embodiment 1

1.1 Configurations of High-Frequency Front End Module
2A and Communication Device 1A

[0064] FIG. 1 is a circuit configuration diagram of a
communication device 1A according to Embodiment 1. As
illustrated in the diagram, the communication device 1A
includes a high-frequency front end module 2A, an RF
signal processing circuit (RFIC) 3, and a baseband signal
processing circuit (BBIC) 4.

[0065] The RFIC 3 is an RF signal processing circuit that
processes a high-frequency signal transmitted/received
through an antenna of the high-frequency front end module
2A. Specifically, the RFIC 3 performs signal processing on
a high-frequency reception signal inputted through the high-
frequency front end module 2A by down-conversion or the
like, and outputs a reception signal generated by the signal
processing to the BBIC 4. Furthermore, the RFIC 3 performs
signal processing on a transmission signal inputted from the
BBIC 4 by up-conversion or the like, and outputs a high-
frequency transmission signal generated by the signal pro-
cessing to the transmission-side signal path of the high-
frequency front end module 2A.

[0066] The BBIC 4 is a circuit that performs signal
processing by using an intermediate frequency band having
a lower frequency than that of a high-frequency signal
propagating in the high-frequency front end module 2A. A
signal processed by the BBIC 4 is used, for example, as an
image signal for image display, or is used as a voice signal
for a call through a speaker.

[0067] Furthermore, the RFIC 3 also has a function as a
control unit that controls the connection of a switch circuit
(described later) included in the high-frequency front end
module 2A on the basis of a band (frequency band) to be
used. Specifically, the RFIC 3 switches the connection of the
switch circuit included in the high-frequency front end
module 2A by a control signal (not illustrated). Note that the
control unit may be provided outside the RFIC 3, or may be
provided in, for example, the high-frequency front end
module 2A or the BBIC 4.

[0068] Next, the detailed configuration of the high-fre-
quency front end module 2A will be described.

[0069] As illustrated in FIG. 1, the high-frequency front
end module 2A includes a primary antenna 11 and a sec-
ondary antenna 12, switch circuits 20 and 50, transmission
filters 31T and 32T, reception filters 31R and 32R, and
transmission amplifiers 41 and 42.

[0070] According to the configuration described above,
the high-frequency front end module 2A can execute two-
uplink in which a signal in a first transmission band (A-Tx)
included in a first frequency band (Band A) and a signal in
a second transmission band (B-Tx) included in a second
frequency band (Band B) which is different from the first
frequency band are simultaneously transmitted, and two-
downlink in which a signal in a first reception band (A-Rx)
included in the first frequency band (Band A) and a signal in
a second reception band (B-Rx) included in the second
frequency band (Band B) are simultaneously received.

[0071] The primary antenna 11 is an antenna that is used
in preference to the secondary antenna 12 in terms of
antenna performance and the like, and is an antenna element
capable of transmitting and receiving signals in Band A and
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Band B. Furthermore, the secondary antenna 12 is an
antenna element capable of transmitting and receiving sig-
nals in Band A and Band B.

[0072] The transmission filter 31T is a first transmission
filter whose input terminal is connected to the transmission
amplifier 41, whose output terminal is connected to the
switch circuit 20, and which takes A-Tx as a pass band.
[0073] The transmission filter 32T is a second transmis-
sion filter whose input terminal is connected to the trans-
mission amplifier 42, whose output terminal is connected to
the switch circuit 20, and which takes B-Tx as a pass band.
[0074] The reception filter 31R is a first reception filter
whose input terminal is connected to the switch circuit 20,
and which takes A-Rx as a pass band.

[0075] The reception filter 32R is a second reception filter
whose input terminal is connected to the switch circuit 20,
and which takes B-Rx as a pass band.

[0076] The transmission filter 31T and the reception filter
31R constitute a first multiplexer that selectively transmits
and receives a high-frequency signal in Band A. Note that
the first multiplexer does not have a transmission filter
which takes B-Tx as a pass band. Furthermore, the first
multiplexer does not have a reception filter which takes
B-Rx as a pass band.

[0077] The transmission filter 32T and the reception filter
32R constitute a second multiplexer that selectively trans-
mits and receives a high-frequency signal in Band B. Note
that the second multiplexer does not have a transmission
filter which takes A-Tx as a pass band. Furthermore, the
second multiplexer does not have a reception filter which
takes A-Rx as a pass band.

[0078] Note that in the present specification, the first
multiplexer and the second multiplexer are each defined as
a portion including a duplexer in which the output terminal
of the transmission filter and the input terminal of the
reception filter are commonly connected at the switch circuit
20, as in the present embodiment.

[0079] The switch circuit 20 is a first switch circuit having
a terminal 20g (third terminal), a terminal 206 (fourth
terminal), a terminal 20c¢ (first terminal), and a terminal 204
(second terminal).

[0080] The terminal 20c¢ is connected to the primary
antenna 11, and the terminal 204 is connected to the sec-
ondary antenna 12. Furthermore, the terminal 20a is con-
nected to the output terminal of the transmission filter 31T
and the input terminal of the reception filter 31R, and the
terminal 205 is connected to the output terminal of the
transmission filter 32T and the input terminal of the recep-
tion filter 32R.

[0081] In the switch circuit 20, conduction between the
terminal 20a and the terminal 20c and conduction between
the terminal 20aq and the terminal 204 are exclusively
switched, and conduction between the terminal 205 and the
terminal 20¢ and conduction between the terminal 205 and
the terminal 204 are exclusively switched.

[0082] Note that in the switch circuit, “conduction
between a terminal A and a terminal B and conduction
between a terminal C and a terminal D are exclusively
switched” means that (1) in a state in which the terminal A
and the terminal B are conductive to each other, the terminal
C and the terminal D are non-conductive to each other, and
(2) in a state in which the terminal C and the terminal D are
conductive to each other, the terminal A and the terminal B
are non-conductive to each other.
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[0083] The switch circuit 20 is, for example, a DPDT
(Double Pole Double Throw) type switch circuit having the
terminals 20a and 2054, and the terminals 20¢ and 20d. Note
that the switch circuit 20 may be a switch circuit of a DP3T
type, a DP4T type, or the like, and in this case, necessary
terminals may be used in accordance with the number of
bands to be used.

[0084] The high-frequency front end module 2A includes
the primary antenna 11 and the secondary antenna 12, the
switch circuit 20, the first multiplexer, and the second
multiplexer described above, thereby making it possible to
arbitrarily distribute high-frequency signals in Band A and
Band B to the primary antenna 11 and the secondary antenna
12 by switching the connection state of the switch circuit 20,
and execute CA of two-uplink two-downlink. Here, since the
first multiplexer does not have a transmission filter and a
reception filter of Band B, and the second multiplexer does
not have a transmission filter and a reception filter of Band
A, it is possible to provide the high-frequency front end
module 2A which is reduced in size and in which CA of
two-uplink two-downlink can be performed.

[0085] Note that the high-frequency front end module 2A
can execute so-called one-uplink two-downlink CA in which
only one of a high-frequency signal in Band A and a
high-frequency signal in Band B is transmitted and a high-
frequency signal in Band A and a high-frequency signal in
Band B are simultaneously received by the above-described
configuration.

[0086] The transmission amplifier 41 is a first amplifier
whose output terminal is connected to the input terminal of
the transmission filter 31T, and is a power amplifier consti-
tuted by a transistor or the like, for example. Furthermore,
the transmission amplifier 42 is a second amplifier whose
output terminal is connected to the input terminal of the
transmission filter 32T, and is a power amplifier constituted
by a transistor or the like, for example.

[0087] The switch circuit 50 is a second switch circuit
having a terminal 50a (seventh terminal), a terminal 505
(eighth terminal), a terminal 50c¢ (fifth terminal), and a
terminal 504 (sixth terminal).

[0088] The terminal 50c¢ is connected to an input terminal
of the transmission amplifier 41, and the terminal 504 is
connected to an input terminal of the transmission amplifier
42. Furthermore, the terminal 50a is connected to an output
terminal 3a of the RFIC 3, and a transmission signal for the
primary antenna 11 is inputted thereto. Furthermore, the
terminal 505 is connected to an output terminal 35 of the
RFIC 3, and a transmission signal for the secondary antenna
12 is inputted thereto.

[0089] In the switch circuit 50, when conduction between
the terminal 20a and the terminal 20c¢ of the switch circuit
20 is selected, conduction between the terminal 50a and the
terminal 50c is selected, and when conduction between the
terminal 20qa and the terminal 204 of the switch circuit 20 is
selected, conduction between the terminal 505 and the
terminal 50c¢ is selected. Furthermore, when conduction
between the terminal 205 and the terminal 20c of the switch
circuit 20 is selected, conduction between the terminal 50a
and the terminal 504 is selected, and when conduction
between the terminal 205 and the terminal 204 of the switch
circuit 20 is selected, conduction between the terminal 505
and the terminal 504 is selected.

[0090] The switch circuit 50 is, for example, a DPDT type
switch circuit having the terminals 50a and 5056, and the
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terminals 50c¢ and 50d. Note that the switch circuit 50 may
be a switch circuit of a DP3T type, a DP4T type, or the like,
and in this case, necessary terminals may be used in accor-
dance with the number of bands to be used.

[0091] With this configuration, since the switch circuit 50
achieves a connection state corresponding to a connection
state of the switch circuit 20, it is possible to output or input
a signal for the primary antenna 11 and a signal for the
secondary antenna 12 without changing terminal arrange-
ment of the RFIC 3. Accordingly, it is possible to simplify
the circuit configurations of the high-frequency front end
module 2A and the communication device LA.

[0092] Note that the RFIC 3 may be constituted of two RF
signal processing circuits, for example, may be constituted
of a circuit that processes a signal for Band A and a circuit
that processes a signal for Band B, or may be constituted of
a circuit that processes a signal for the primary antenna 11
and a circuit that processes a signal for the secondary
antenna 12.

1.2 Connection State of High-Frequency Front End Module
2A

[0093] FIG. 2 is a circuit state diagram in CA of the
high-frequency front end module 2A according to Embodi-
ment 1. This diagram illustrates a circuit connection state in
(1) a case of two-uplink of Band A and Band B and
two-downlink of Band A and Band B (mode 1: two-uplink
two-downlink), and (2) a case of one-uplink of Band A or
Band B and two-downlink of Band A and Band B (mode 2:
one-uplink two-downlink).

[0094] In both the mode 1 and the mode 2, as illustrated
in FIG. 2, by the control unit, the terminal 20a and the
terminal 20c¢ are connected to each other, and the terminal
2054 and the terminal 204 are connected to each other, in the
switch circuit 20 (first connection state). Furthermore, the
terminal 50a and the terminal 50c¢ are connected to each
other, and the terminal 505 and the terminal 50d are con-
nected to each other, in the switch circuit 50.

[0095] In this connection state, in the mode 1, a transmis-
sion signal in one of Band A and Band B is transmitted
through the output terminal 3a, the switch circuit 50, the
transmission amplifier 41, the first multiplexer, the switch
circuit 20, and the primary antenna 11, and a transmission
signal in the other of Band A and Band B is transmitted
through the output terminal 35, the switch circuit 50, the
transmission amplifier 42, the second multiplexer, the switch
circuit 20, and the secondary antenna 12. Furthermore, a
reception signal in one of Band A and Band B is received by
the RFIC 3 through the primary antenna 11, the switch
circuit 20, and the first multiplexer, and a reception signal in
the other of Band A and Band B is received by the RFIC 3
through the secondary antenna 12, the switch circuit 20, and
the second multiplexer.

[0096] Furthermore, in the mode 2, when a transmission
signal in one of Band A and Band B is transmitted through
the output terminal 3a, the switch circuit 50, the transmis-
sion amplifier 41, the first multiplexer, the switch circuit 20,
and the primary antenna 11, a reception signal in one of
Band A and Band B is received by the RFIC 3 through the
primary antenna 11, the switch circuit 20, and the first
multiplexer, and a reception signal in the other of Band A
and Band B is received by the RFIC 3 through the secondary
antenna 12, the switch circuit 20, and the second multi-
plexer.
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[0097] Alternatively, in both the mode 1 and the mode 2,
as illustrated in FIG. 2, by the control unit, the terminal 20a
and the terminal 20d are connected to each other, and the
terminal 205 and the terminal 20c¢ are connected to each
other, in the switch circuit 20 (second connection state).
Furthermore, the terminal 50a and the terminal 50d are
connected to each other, and the terminal 505 and the
terminal 50c¢ are connected to each other, in the switch
circuit 50.

[0098] In this connection state, in the mode 1, a transmis-
sion signal in one of Band A and Band B is transmitted
through the output terminal 3q, the switch circuit 50, the
transmission amplifier 42, the second multiplexer, the switch
circuit 20, and the primary antenna 11, and a transmission
signal in the other of Band A and Band B is transmitted
through the output terminal 35, the switch circuit 50, the
transmission amplifier 41, the first multiplexer, the switch
circuit 20, and the secondary antenna 12. Furthermore, a
reception signal in one of Band A and Band B is received by
the RFIC 3 through the primary antenna 11, the switch
circuit 20, and the second multiplexer, and a reception signal
in the other of Band A and Band B is received by the RFIC
3 through the secondary antenna 12, the switch circuit 20,
and the first multiplexer.

[0099] Furthermore, in the mode 2, when a transmission
signal in one of Band A and Band B is transmitted through
the output terminal 3a, the switch circuit 50, the transmis-
sion amplifier 42, the second multiplexer, the switch circuit
20, and the primary antenna 11, a reception signal in one of
Band A and Band B is received by the RFIC 3 through the
primary antenna 11, the switch circuit 20, and the second
multiplexer, and a reception signal in the other of Band A
and Band B is received by the RFIC 3 through the secondary
antenna 12, the switch circuit 20, and the first multiplexer.

1.3 Comparison of High-Frequency Front End Modules
According to Embodiment 1 and Comparative Example 1

[0100] FIG. 3 is a circuit configuration diagram of a
high-frequency front end module 502 according to Com-
parative Example 1. Note that the diagram also illustrates the
RFIC 3 connected to the high-frequency front end module
502 according to Comparative Example 1. As illustrated in
the diagram, the high-frequency front end module 502
includes a primary circuit 502a¢ and a secondary circuit
5025. The primary circuit 502a includes the primary antenna
11, a switch circuit 561, transmission filters 31T1 and 32T1,
reception filters 31R1 and 32R1, and the transmission ampli-
fier 41. The transmission filters 31T1 and 32T1 and the
reception filters 31R1 and 32R1 constitute a first multi-
plexer. The secondary circuit 5024 includes the secondary
antenna 12, a switch circuit 562, transmission filters 31T2
and 32712, reception filters 31R2 and 32R2, and the trans-
mission amplifier 42. The transmission filters 31T2 and
32712 and the reception filters 31R2 and 32R2 constitute a
second multiplexer. The high-frequency front end module
502 according to Comparative Example 1 is different from
the high-frequency front end module 2A according to
Embodiment 1 in the configurations of the first multiplexer,
the second multiplexer, and the switch circuits. Hereinafter,
the high-frequency front end module 502 according to
Comparative Example 1 will be described focusing on the
differences from the high-frequency front end module 2A
according to Embodiment 1.



US 2022/0182081 Al

[0101] The switch circuit 561 is an SPDT (Single Pole
Double Throw) type switch circuit having a common ter-
minal 561a and selection terminals 561c¢ and 561d. The
common terminal 561a is connected to the output terminal
of the transmission amplifier 41. The switch circuit 562 is an
SPDT type switch circuit having a common terminal 562a
and selection terminals 562¢ and 5624. The common termi-
nal 562a is connected to the output terminal of the trans-
mission amplifier 42.

[0102] The transmission filter 31T1 is a transmission filter
whose input terminal is connected to the selection terminal
561c, whose output terminal is connected to the primary
antenna 11, and which takes A-Tx as a pass band.

[0103] The transmission filter 32T1 is a transmission filter
whose input terminal is connected to the selection terminal
561d, whose output terminal is connected to the primary
antenna 11, and which takes B-Tx as a pass band.

[0104] The reception filter 31R1 is a reception filter whose
input terminal is connected to the primary antenna 11, and
which takes A-Rx as a pass band.

[0105] The reception filter 32R1 is a reception filter whose
input terminal is connected to the primary antenna 11, and
which takes B-Rx as a pass band.

[0106] The transmission filter 31T2 is a transmission filter
whose input terminal is connected to the selection terminal
562¢, whose output terminal is connected to the secondary
antenna 12, and which takes A-Tx as a pass band.

[0107] The transmission filter 32T2 is a transmission filter
whose input terminal is connected to the selection terminal
562d, whose output terminal is connected to the secondary
antenna 12, and which takes B-Tx as a pass band.

[0108] The reception filter 31R2 is a reception filter whose
input terminal is connected to the secondary antenna 12, and
which takes A-Rx as a pass band.

[0109] The reception filter 32R2 is a reception filter whose
input terminal is connected to the secondary antenna 12, and
which takes B-Rx as a pass band.

[0110] According to the configuration described above,
the high-frequency front end module 502 can execute two-
uplink in which a signal in the first transmission band (A-Tx)
included in Band A and a signal in the second transmission
band (B-Tx) included in Band B are simultaneously trans-
mitted, and two-downlink in which a signal in the first
reception band (A-Rx) included in Band A and a signal in the
second reception band (B-Rx) included in Band B are
simultaneously received.

[0111] For example, in a state in which the common
terminal 5614 and the selection terminal 561c¢ are connected
to each other and the common terminal 562a and the
selection terminal 562d are connected to each other, a
transmission signal in Band A is transmitted through the
output terminal 3a, the transmission amplifier 41, the first
multiplexer, and the primary antenna 11, and a transmission
signal in Band B is transmitted through the output terminal
3b, the transmission amplifier 42, the second multiplexer,
and the secondary antenna 12. Furthermore, a reception
signal in Band A is received by the RFIC 3 through the
primary antenna 11 and the first multiplexer, and a reception
signal in Band B is received by the RFIC 3 through the
secondary antenna 12 and the second multiplexer.

[0112] Furthermore, in a state in which the common
terminal 5614 and the selection terminal 5614 are connected
to each other and the common terminal 562a and the
selection terminal 562¢ are connected to each other, a
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transmission signal in Band B is transmitted through the
output terminal 3a, the transmission amplifier 41, the first
multiplexer, and the primary antenna 11, and a transmission
signal in Band A is transmitted through the output terminal
3b, the transmission amplifier 42, the second multiplexer,
and the secondary antenna 12. Furthermore, a reception
signal in Band B is received by the RFIC 3 through the
primary antenna 11 and the first multiplexer, and a reception
signal in Band A is received by the RFIC 3 through the
secondary antenna 12 and the second multiplexer.

[0113] In the high-frequency front end module 502
according to Comparative Example 1, in order to ensure
signal quality such as isolation and the like of high-fre-
quency signals in Band A and Band B simultaneously
transmitted/received, two antenna elements, such as the
primary antenna 11 which is preferentially used and the
secondary antenna 12 which is secondarily used, are dis-
posed. In this case, because of necessity of making it
possible to transmit/receive each of the high-frequency
signals in Band A and Band B even by any of the antennas,
a transmission path and a reception path of Band A and a
transmission path and a reception path of Band B are
connected to the primary antenna 11, and a transmission path
and a reception path of Band A and a transmission path and
a reception path of Band B are connected and disposed also
to the secondary antenna 12. A filter for selectively allowing
a desired frequency band to pass therethrough is arranged in
each signal path, and in the configuration of the high-
frequency front end module 502 according to Comparative
Example 1, four filters of the transmission filters 31T1 and
32T1 and the reception filters 31R1 and 32R1 are connected
to the primary antenna 11. Furthermore, four filters of the
transmission filters 31T2 and 32T2 and the reception filters
31R2 and 32R2 are connected to the secondary antenna 12.
That is, in the front end module to which the primary
antenna 11 and the secondary antenna 12 are applied, in
order to achieve two-uplink two-downlink of the two fre-
quency bands of Band A and Band B, a total of eight filters
are required, and the circuit is enlarged.

[0114] In contrast, the high-frequency front end module
2A according to the present embodiment includes the pri-
mary antenna 11 and the secondary antenna 12, the switch
circuit 20, the first multiplexer, and the second multiplexer,
thereby making it possible to arbitrarily distribute high-
frequency signals in Band A and Band B to the primary
antenna 11 and the secondary antenna 12 by switching the
connection state of the switch circuit 20, and execute CA of
two-uplink two-downlink. Therefore, in the first multiplexer
connected to one of the antennas, the transmission filter of
Band B can be reduced. In the same manner, in the second
multiplexer connected to the other of the antennas, the
transmission filter of Band A can be reduced. That is, two or
more filters can be reduced as compared with the configu-
ration of the high-frequency front end module 502 according
to Comparative Example 1.

[0115] Inthe configuration of the high-frequency front end
module 2A according to the present embodiment, in com-
parison with the high-frequency front end module 502
according to Comparative Example 1, the one switch circuit
20 of a two-input two-output type is added, but the switch
circuit 20 is sufficiently smaller than the transmission filter
and the reception filter. Accordingly, it is possible to provide
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the high-frequency front end module 2A which is reduced in
size and in which CA of two-uplink two-downlink can be
performed.

[0116] Furthermore, in the high-frequency front end mod-
ule 2A according to the present embodiment, by including
the primary antenna 11 and the secondary antenna 12, the
switch circuit 20, the first multiplexer, and the second
multiplexer, even in the case of one-uplink two-downlink,
by using both the primary antenna 11 and the secondary
antenna 12, it is possible to reduce the reception filter of
Band B in the first multiplexer connected to one of the
antennas. Furthermore, in the second multiplexer connected
to the other of the antennas, the reception filter of Band A
can be reduced. That is, four or more filters in total can be
reduced as compared with the configuration of the high-
frequency front end module 502 according to Comparative
Example 1. Accordingly, it is possible to provide the high-
frequency front end module which is further reduced in size
and in which CA of two-uplink two-downlink and one-
uplink two-downlink can be performed.

1.4 Configurations of High-Frequency Front End Module
2B and Communication Device 1B According to
Modification 1

[0117] FIG. 4A is a circuit configuration diagram of a
communication device 1B according to Modification 1 of
Embodiment 1. As illustrated in the diagram, the commu-
nication device 1B includes a high-frequency front end
module 2B, the RFIC 3, and the BBIC 4. The communica-
tion device 1B according to the present modification differs
from the communication device 1A according to Embodi-
ment 1 in the configuration of the high-frequency front end
module. Hereinafter, the communication device 1B accord-
ing to the present modification will be described focusing on
the differences from the communication device 1A accord-
ing to Embodiment 1.

[0118] As illustrated in FIG. 4A, the high-frequency front
end module 2B includes the primary antenna 11 and the
secondary antenna 12, the switch circuits 20 and 50, the
transmission filters 31T1 and 32T2, the reception filters
31R1, 31R2, 32R1, and 32R2, and the transmission ampli-
fiers 41 and 42.

[0119] According to the configuration described above,
the high-frequency front end module 2B can execute two-
uplink in which a signal in the first transmission band (A-Tx)
included in the first frequency band (Band A) and a signal in
the second transmission band (B-Tx) included in the second
frequency band (Band B) which is different from the first
frequency band are simultaneously transmitted, and two-
downlink in which a signal in the first reception band (A-Rx)
included in the first frequency band (Band A) and a signal in
the second reception band (B-Rx) included in the second
frequency band (Band B) are simultaneously received.
[0120] The high-frequency front end module 2B accord-
ing to Modification 1 is different from the high-frequency
front end module 2A according to Embodiment 1 in the
configurations of the first multiplexer and the second mul-
tiplexer. Hereinafter, the high-frequency front end module
2B according to Modification 1 will be described focusing
on the differences from the high-frequency front end module
2A according to Embodiment 1.

[0121] The transmission filter 31T1 is a first transmission
filter whose input terminal is connected to the transmission
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amplifier 41, whose output terminal is connected to the
switch circuit 20, and which takes A-Tx as a pass band.
[0122] The transmission filter 32T2 is a second transmis-
sion filter whose input terminal is connected to the trans-
mission amplifier 42, whose output terminal is connected to
the switch circuit 20, and which takes B-Tx as a pass band.
[0123] The reception filter 31R1 is a first reception filter
whose input terminal is connected to the switch circuit 20,
and which takes A-Rx as a pass band.

[0124] The reception filter 32R1 is a fourth reception filter
whose input terminal is connected to the switch circuit 20,
and which takes B-Rx as a pass band.

[0125] The reception filter 32R2 is a second reception
filter whose input terminal is connected to the switch circuit
20, and which takes B-Rx as a pass band.

[0126] The reception filter 31R2 is a third reception filter
whose input terminal is connected to the switch circuit 20,
and which takes A-Rx as a pass band.

[0127] The transmission filter 31T1 and the reception
filters 31R1 and 32R1 constitute a first multiplexer that can
transmit a high-frequency signal in Band A and receive
high-frequency signals in Band A and Band B. Note that the
first multiplexer does not have a transmission filter which
takes B-Tx as a pass band.

[0128] The transmission filter 32T2 and the reception
filters 32R2 and 31R2 constitute a second multiplexer that
can transmit a high-frequency signal in Band B and receive
high-frequency signals in Band A and Band B. Note that the
second multiplexer does not have a transmission filter which
takes A-Tx as a pass band.

1.5 Connection State of High-Frequency Front End Module
2B According to Modification 1

[0129] FIG. 4B is a circuit state diagram in a case of
two-uplink two-downlink of the high-frequency front end
module 2B according to Modification 1 of Embodiment 1.
This diagram illustrates a circuit connection state in a case
of two-uplink of Band A and Band B and two-downlink of
Band A and Band B (mode 1: two-uplink two-downlink).
[0130] In the mode 1, as illustrated in FIG. 4B, by the
control unit, the terminal 20a and the terminal 20c¢ are
connected to each other, and the terminal 205 and the
terminal 204 are connected to each other, in the switch
circuit 20 (first connection state). Furthermore, the terminal
50a and the terminal 50c¢ are connected to each other, and the
terminal 505 and the terminal 504 are connected to each
other, in the switch circuit 50.

[0131] In this connection state, in the mode 1, a transmis-
sion signal in one of Band A and Band B is transmitted
through the output terminal 3q, the switch circuit 50, the
transmission amplifier 41, the first multiplexer, the switch
circuit 20, and the primary antenna 11, and a transmission
signal in the other of Band A and Band B is transmitted
through the output terminal 35, the switch circuit 50, the
transmission amplifier 42, the second multiplexer, the switch
circuit 20, and the secondary antenna 12. Furthermore, a
reception signal in one of Band A and Band B is received by
the RFIC 3 through the primary antenna 11, the switch
circuit 20, and the first multiplexer, and a reception signal in
the other of Band A and Band B is received by the RFIC 3
through the secondary antenna 12, the switch circuit 20, and
the second multiplexer.

[0132] Alternatively, in the mode 1, as illustrated in FIG.
4B, by the control unit, the terminal 20a and the terminal



US 2022/0182081 Al

20d are connected to each other, and the terminal 205 and
the terminal 20c¢ are connected to each other, in the switch
circuit 20 (second connection state). Furthermore, the ter-
minal 50a and the terminal 504 are connected to each other,
and the terminal 505 and the terminal 50c¢ are connected to
each other, in the switch circuit 50.

[0133] In this connection state, in the mode 1, a transmis-
sion signal in one of Band A and Band B is transmitted
through the output terminal 3a, the switch circuit 50, the
transmission amplifier 42, the second multiplexer, the switch
circuit 20, and the primary antenna 11, and a transmission
signal in the other of Band A and Band B is transmitted
through the output terminal 35, the switch circuit 50, the
transmission amplifier 41, the first multiplexer, the switch
circuit 20, and the secondary antenna 12. Furthermore, a
reception signal in one of Band A and Band B is received by
the RFIC 3 through the primary antenna 11, the switch
circuit 20, and the second multiplexer, and a reception signal
in the other of Band A and Band B is received by the RFIC
3 through the secondary antenna 12, the switch circuit 20,
and the first multiplexer.

[0134] FIG. 4C is a circuit state diagram in a case of
one-uplink two-downlink of the high-frequency front end
module 2B according to Modification 1 of Embodiment 1.
This diagram illustrates a circuit connection state in a case
of one-uplink of Band A or Band B and two-downlink of
Band A and Band B (mode 2: one-uplink two-downlink).
[0135] In the mode 2, as illustrated in FIG. 4C, by the
control unit, the terminal 20a and the terminal 20c¢ are
connected to each other in the switch circuit 20 (third
connection state). Furthermore, the terminal 50a and the
terminal 50¢ are connected to each other in the switch circuit
50.

[0136] In this connection state, in the mode 2, a transmis-
sion signal in Band A is transmitted through the output
terminal 3a, the switch circuit 50, the transmission amplifier
41, the first multiplexer, the switch circuit 20, and the
primary antenna 11, and reception signals in Band A and
Band B are received by the RFIC 3 through the primary
antenna 11, the switch circuit 20, and the first multiplexer.
[0137] Alternatively, in the mode 2, as illustrated in FIG.
4C, by the control unit, the terminal 205 and the terminal 20¢
are connected to each other in the switch circuit 20 (fifth
connection state). Furthermore, the terminal 50a and the
terminal 504 are connected to each other in the switch circuit
50.

[0138] In this connection state, in the mode 2, a transmis-
sion signal in Band B is transmitted through the output
terminal 3a, the switch circuit 50, the transmission amplifier
42, the second multiplexer, the switch circuit 20, and the
primary antenna 11, and reception signals in Band A and
Band B are received by the RFIC 3 through the primary
antenna 11, the switch circuit 20, and the second multiplexer.
[0139] Note that in both the above-described two types of
connection forms, the case of one-uplink two-downlink by
passing through the output terminal 3¢ and the primary
antenna 11 has been described as an example, but one-uplink
two-downlink by passing through the output terminal 35 and
the secondary antenna 12 (fourth connection state or sixth
connection state) is also possible.

[0140] The high-frequency front end module 2B accord-
ing to Modification 1 includes the primary antenna 11 and
the secondary antenna 12, the switch circuit 20, the first
multiplexer, and the second multiplexer, thereby making it
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possible to arbitrarily distribute high-frequency signals in
Band A and Band B to the primary antenna 11 and the
secondary antenna 12 by switching the connection state of
the switch circuit 20, and execute CA of two-uplink two-
downlink. Therefore, in the first multiplexer connected to
one of the antennas, the transmission filter of Band B can be
reduced. In the same manner, in the second multiplexer
connected to the other of the antennas, the transmission filter
of Band A can be reduced. That is, two filters can be reduced
as compared with the configuration of the high-frequency
front end module 502 according to Comparative Example 1.
[0141] Inthe configuration of the high-frequency front end
module 2B according to Modification 1, in comparison with
the high-frequency front end module 502 according to
Comparative Example 1, the one switch circuit 20 of the
two-input two-output type is added, but the switch circuit 20
is sufficiently smaller than the transmission filter and the
reception filter. Accordingly, it is possible to provide the
high-frequency front end module 2B which is reduced in
size and in which CA of two-uplink two-downlink can be
performed.

[0142] Furthermore, in the high-frequency front end mod-
ule 2B according to Modification 1, in comparison with the
high-frequency front end module 2A according to Embodi-
ment 1, since the first multiplexer further includes the
reception filter 32R1 corresponding to Band B, in the case
of one-uplink two-downlink in which a high-frequency
signal in Band A is transmitted, only one of the primary
antenna 11 and the secondary antenna 12 may be used.
Furthermore, since the second multiplexer further includes
the reception filter 31R2 corresponding to Band A, in the
case of one-uplink two-downlink in which a high-frequency
signal in Band B is transmitted, only one of the primary
antenna 11 and the secondary antenna 12 may be used.
Accordingly, it is possible to simplify the CA operation of
one-uplink two-downlink.

1.6 Configurations of High-Frequency Front End Module
2H and Communication Device 1H According to
Modification 2

[0143] FIG. 5 is a circuit configuration diagram of a
communication device 1H according to Modification 2 of
Embodiment 1. As illustrated in the diagram, the commu-
nication device 1H includes a high-frequency front end
module 2H, the RFIC 3, and the BBIC 4. The communica-
tion device 1H according to the present modification differs
from the communication device 1A according to Embodi-
ment 1 in the configuration of the high-frequency front end
module. Hereinafter, the communication device 1H accord-
ing to the present modification will be described focusing on
the differences from the communication device 1A accord-
ing to Embodiment 1.

[0144] As illustrated in FIG. 5, the high-frequency front
end module 2H includes the primary antenna 11 and the
secondary antenna 12, switch circuits 20, 50, 67, 68, 69, and
73, the transmission filters 31T and 32T, the reception filters
31R and 32R, a transmission/reception filter 38TR, the
transmission amplifiers 41 and 42, and a reception amplifier
51.

[0145] Furthermore, the secondary antenna 12, the switch
circuits 67, 68, 69, and 73, the transmission filter 32T, the
reception filter 32R, the transmission/reception filter 38TR,
the transmission amplifier 42, and the reception amplifier 51
constitute a sub-module SH.
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[0146] The transmission/reception filter 38TR is a filter
whose input terminal is connected to the switch circuit 73,
whose output terminal is connected to the switch circuit 69,
and which takes C-Rx as a pass band.

[0147] The reception amplifier 51 is an amplifier whose
input terminal is connected to a common terminal of the
switch circuit 68, and whose output terminal is connected to
the RFIC 3.

[0148] The switch circuit 67 has a common terminal
connected to the output terminal of the transmission ampli-
fier 42, one selection terminal connected to the input termi-
nal of the transmission filter 32T, and another selection
terminal connected to one selection terminal of the switch
circuit 69.

[0149] The switch circuit 68 has a common terminal
connected to the input terminal of the reception amplifier 51,
one selection terminal connected to the output terminal of
the reception filter 32R, and another selection terminal
connected to another selection terminal of the switch circuit
69.

[0150] The switch circuit 69 has a common terminal
connected to the transmission/reception filter 38TR.

[0151] The switch circuit 73 has a common terminal
connected to the terminal 2056, one selection terminal con-
nected to the output terminal of the transmission filter 32T
and the input terminal of the reception filter 32R, and
another selection terminal connected to the transmission/
reception filter 38TR.

[0152] An existing sub-module has a circuit configuration
of only reception systems, but in the high-frequency front
end module 2H according to the present modification, the
sub-module SH includes the transmission system circuit,
which makes it possible to execute two-uplink CA. That is,
the sub-module SH has the transmission filter 32T and the
reception filter 32R (duplexer) used in the case of frequency
division duplex (FDD) and the transmission/reception filter
38TR used in the case of time division duplex (TDD).

[0153] Note that, in the existing configuration, to the
switch circuit 73, a reception filter for the reception band
B-Rx is connected instead of the transmission filter 32T and
the reception filter 32R (duplexer), and a reception filter for
the reception band C-Rx is connected instead of the trans-
mission/reception filter 38TR, but by disposing the trans-
mission filter 32T and the reception filter 32R (duplexer) and
the transmission/reception filter 38TR, it is not necessary to
connect a duplicate reception filter to the switch circuit 73.
With this, miniaturization of the sub-module 5H and the
high-frequency front end module 2H is achieved.

[0154] According to the configuration described above,
the high-frequency front end module 2H can execute two-
uplink in which a signal in the transmission band (A-Tx)
included in Band A, and a signal in the transmission band
(B-Tx) included in Band B or a signal in the transmission
band (C-Tx) included in Band C are simultaneously trans-
mitted, and two-downlink in which a signal in the reception
band (A-Rx) included in Band A, and a signal in the
reception band (B-Rx) included in Band B or a signal in the
reception band (C-Rx) included in Band C are simultane-
ously received.
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Embodiment 2

2.1 Configurations of High-Frequency Front End Module
2C and Communication Device 1C

[0155] Although Embodiment 1 has described the con-
figurations of the communication device and the high-
frequency front end module for executing CA in two fre-
quency bands, the present embodiment describes the
configurations of a communication device and a high-
frequency front end module for executing CA of two fre-
quency bands among three frequency bands.

[0156] FIG. 6 is a circuit configuration diagram of a
communication device 1C according to Embodiment 2. As
illustrated in the diagram, the communication device 1C
includes a high-frequency front end module 2C, the RFIC 3,
and the BBIC 4. The communication device 1C according to
the present embodiment differs from the communication
device 1A according to Embodiment 1 in the configuration
of the high-frequency front end module. Hereinafter, the
communication device 1C according to the present embodi-
ment will be described focusing on the differences from the
communication device LA according to Embodiment 1.
[0157] As illustrated in FIG. 6, the high-frequency front
end module 2C includes a primary antenna 13 and a sec-
ondary antenna 14, switch circuits 20, 50, 61, and 62,
transmission filters 317T1, 32T1, 3212, and 33T2, reception
filters 31R1, 32R1, 33R1, 31R2, 32R2, and 33R2, and
transmission amplifiers 43 and 44.

[0158] According to the configuration described above,
the high-frequency front end module 2C can execute two-
uplink in which two signals among a signal in the first
transmission band (A-Tx) included in the first frequency
band (Band A), a signal in the second transmission band
(C-Tx) included in the second frequency band (Band C in
the present embodiment) which is different from the first
frequency band, and a signal in a third transmission band
(B-Tx) included in a third frequency band (Band B in the
present embodiment) which is different from the first fre-
quency band and the second frequency band are simultane-
ously transmitted, and two-downlink in which two signals
among a signal in the first reception band (A-Rx) included
in the first frequency band (Band A), a signal in the second
reception band (C-Rx) included in the second frequency
band (Band C), and a signal in a third reception band (B-Rx)
included in the third frequency band (Band B) which is
different from the first frequency band and the second
frequency band are simultaneously received.

[0159] The high-frequency front end module 2C accord-
ing to the present embodiment is different from the high-
frequency front end module 2A according to Embodiment 1
in a point that the configuration for transmitting/receiving
signals in three frequency bands is included. Hereinafter, the
high-frequency front end module 2C according to the pres-
ent embodiment will be described focusing on the differ-
ences from the high-frequency front end module 2A accord-
ing to Embodiment 1.

[0160] The primary antenna 13 is an antenna that is used
in preference to the secondary antenna 14 in terms of
antenna performance and the like, and is an antenna element
capable of transmitting and receiving signals in Band A,
Band B, and Band C. The secondary antenna 14 is an
antenna element capable of transmitting and receiving sig-
nals in Band A, Band B, and Band C.
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[0161] The switch circuit 61 is an SPDT type switch
circuit having a common terminal 61a and selection termi-
nals 61c¢ and 614. The common terminal 61a is connected to
an output terminal of the transmission amplifier 43. The
switch circuit 62 is an SPDT type switch circuit having a
common terminal 62a and selection terminals 62¢ and 62d.
The common terminal 62a is connected to an output termi-
nal of the transmission amplifier 44.

[0162] The transmission filter 31T1 is a first transmission
filter whose input terminal is connected to the selection
terminal 61c¢, whose output terminal is connected to the
switch circuit 20, and which takes A-Tx as a pass band.
[0163] The transmission filter 32T1 is a fifth transmission
filter whose input terminal is connected to the selection
terminal 61d, whose output terminal is connected to the
switch circuit 20, and which takes B-Tx as a pass band.
[0164] The reception filter 31R1 is a first reception filter
whose input terminal is connected to the switch circuit 20,
and which takes A-Rx as a pass band.

[0165] The reception filter 32R1 is a fifth reception filter
whose input terminal is connected to the switch circuit 20,
and which takes B-Rx as a pass band.

[0166] The reception filter 33R1 is a fourth reception filter
whose input terminal is connected to the switch circuit 20,
and which takes C-Rx as a pass band.

[0167] The transmission filter 32T2 is a sixth transmission
filter whose input terminal is connected to the selection
terminal 62¢, whose output terminal is connected to the
switch circuit 20, and which takes B-Tx as a pass band.
[0168] The transmission filter 33T2 is a second transmis-
sion filter whose input terminal is connected to the selection
terminal 62d, whose output terminal is connected to the
switch circuit 20, and which takes C-Tx as a pass band.
[0169] The reception filter 31R2 is a third reception filter
whose input terminal is connected to the switch circuit 20,
and which takes A-Rx as a pass band.

[0170] The reception filter 32R2 is a sixth reception filter
whose input terminal is connected to the switch circuit 20,
and which takes B-Rx as a pass band.

[0171] The reception filter 33R2 is a second reception
filter whose input terminal is connected to the switch circuit
20, and which takes C-Rx as a pass band.

[0172] The transmission filters 31T1 and 32T1 and the
reception filters 31R1, 32R1, and 33R1 constitute a first
multiplexer that can selectively transmit high-frequency
signals in Band A and Band B and receive high-frequency
signals in Band A, Band B, and Band C. Note that the first
multiplexer does not have a transmission filter which takes
C-Tx as a pass band.

[0173] The transmission filters 32T2 and 33T2 and the
reception filters 31R2, 32R2, and 33R2 constitute a second
multiplexer that can selectively transmit high-frequency
signals in Band B and Band C and receive high-frequency
signals in Band A, Band B, and Band C. Note that the second
multiplexer does not have a transmission filter which takes
A-Tx as a pass band.

[0174] The high-frequency front end module 2C described
above includes the primary antenna 13 and the secondary
antenna 14, the switch circuits 20, 61, and 62, the first
multiplexer, and the second multiplexer described above,
thereby making it possible to arbitrarily distribute high-
frequency signals in Band A, Band B, and Band C to the
primary antenna 13 and the secondary antenna 14 by switch-
ing the connection state of the switch circuits 20, 61, and 62,
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and execute CA of two-uplink two-downlink. Here, since the
first multiplexer does not have a transmission filter of Band
C and the second multiplexer does not have a transmission
filter of Band A, it is possible to provide the high-frequency
front end module 2C which is reduced in size and in which
CA of two-uplink two-downlink can be performed.

2.2 Connection State of High-Frequency Front End Module
2C

[0175] FIG. 7A is a circuit state diagram in a case of
two-uplink two-downlink of the high-frequency front end
module 2C according to Embodiment 2. This diagram
illustrates a circuit connection state in a case of two-uplink
of Band A and Band C and two-downlink of Band A and
Band C (mode 1: two-uplink two-downlink).

[0176] In the mode 1, as illustrated in FIG. 7A, by the
control unit, the terminal 20a and the terminal 20c¢ are
connected to each other, and the terminal 205 and the
terminal 204 are connected to each other, in the switch
circuit 20 (first connection state). Furthermore, the terminal
50a and the terminal 50c¢ are connected to each other, and the
terminal 5056 and the terminal 50d are connected to each
other, in the switch circuit 50.

[0177] Furthermore, by the control unit, the common
terminal 61a and the selection terminal 61¢ are connected to
each other in the switch circuit 61, and the common terminal
62a and the selection terminal 62d are connected to each
other in the switch circuit 62.

[0178] In this connection state, in the mode 1, a transmis-
sion signal in Band A is transmitted through the output
terminal 3a, the switch circuit 50, the transmission amplifier
43, the switch circuit 61, the first multiplexer, the switch
circuit 20, and the primary antenna 13, and a transmission
signal in Band C is transmitted through the output terminal
35, the switch circuit 50, the transmission amplifier 44, the
switch circuit 62, the second multiplexer, the switch circuit
20, and the secondary antenna 14. Furthermore, a reception
signal in Band A is received by the RFIC 3 through the
primary antenna 13, the switch circuit 20, and the first
multiplexer, and a reception signal in Band C is received by
the RFIC 3 through the secondary antenna 14, the switch
circuit 20, and the second multiplexer.

[0179] Alternatively, in the mode 1, as illustrated in FIG.
7A, by the control unit, the terminal 20a and the terminal
20d are connected to each other, and the terminal 205 and
the terminal 20c¢ are connected to each other, in the switch
circuit 20 (second connection state). Furthermore, the ter-
minal 50a and the terminal 504 are connected to each other,
and the terminal 505 and the terminal 50¢ are connected to
each other, in the switch circuit 50.

[0180] Furthermore, by the control unit, the common
terminal 61a and the selection terminal 61¢ are connected to
each other in the switch circuit 61, and the common terminal
62a and the selection terminal 62d are connected to each
other in the switch circuit 62.

[0181] In this connection state, in the mode 1, a transmis-
sion signal in Band C is transmitted through the output
terminal 3a, the switch circuit 50, the transmission amplifier
44, the switch circuit 62, the second multiplexer, the switch
circuit 20, and the primary antenna 13, and a transmission
signal in Band A is transmitted through the output terminal
35, the switch circuit 50, the transmission amplifier 43, the
switch circuit 61, the first multiplexer, the switch circuit 20,
and the secondary antenna 14. Furthermore, a reception
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signal in Band C is received by the RFIC 3 through the
primary antenna 13, the switch circuit 20, and the second
multiplexer, and a reception signal in Band A is received by
the RFIC 3 through the secondary antenna 14, the switch
circuit 20, and the first multiplexer.

[0182] Note that although not illustrated in FIG. 7A, a
circuit connection state in a case of two-uplink two-down-
link of Band B and Band C is as follows.

[0183] That is, by the control unit, the terminal 20a and the
terminal 20c¢ are connected to each other, and the terminal
2054 and the terminal 204 are connected to each other, in the
switch circuit 20 (first connection state). Furthermore, the
terminal 50a and the terminal 50¢ are connected to each
other, and the terminal 505 and the terminal 50d are con-
nected to each other, in the switch circuit 50.

[0184] Furthermore, by the control unit, the common
terminal 61a and the selection terminal 614 are connected to
each other in the switch circuit 61, and the common terminal
62a and the selection terminal 62d are connected to each
other in the switch circuit 62.

[0185] In this connection state, a transmission signal in
Band B is transmitted through the output terminal 3a, the
switch circuit 50, the transmission amplifier 43, the switch
circuit 61, the first multiplexer, the switch circuit 20, and the
primary antenna 13, and a transmission signal in Band C is
transmitted through the output terminal 35, the switch circuit
50, the transmission amplifier 44, the switch circuit 62, the
second multiplexer, the switch circuit 20, and the secondary
antenna 14. Furthermore, a reception signal in Band B is
received by the RFIC 3 through the primary antenna 13, the
switch circuit 20, and the first multiplexer, and a reception
signal in Band C is received by the RFIC 3 through the
secondary antenna 14, the switch circuit 20, and the second
multiplexer.

[0186] Alternatively, by the control unit, the terminal 20a
and the terminal 20d are connected to each other, and the
terminal 205 and the terminal 20¢ are connected to each
other, in the switch circuit 20 (second connection state).
Furthermore, the terminal 50a and the terminal 50d are
connected to each other, and the terminal 505 and the
terminal 50c¢ are connected to each other, in the switch
circuit 50.

[0187] Furthermore, by the control unit, the common
terminal 61a and the selection terminal 614 are connected to
each other in the switch circuit 61, and the common terminal
62a and the selection terminal 62d are connected to each
other in the switch circuit 62.

[0188] In this connection state, a transmission signal in
Band C is transmitted through the output terminal 3a, the
switch circuit 50, the transmission amplifier 44, the switch
circuit 62, the second multiplexer, the switch circuit 20, and
the primary antenna 13, and a transmission signal in Band B
is transmitted through the output terminal 35, the switch
circuit 50, the transmission amplifier 43, the switch circuit
61, the first multiplexer, the switch circuit 20, and the
secondary antenna 14. Furthermore, a reception signal in
Band C is received by the RFIC 3 through the primary
antenna 13, the switch circuit 20, and the second multi-
plexer, and a reception signal in Band B is received by the
RFIC 3 through the secondary antenna 14, the switch circuit
20, and the first multiplexer.

[0189] Furthermore, although not illustrated in FIG. 7A, a
circuit connection state in a case of two-uplink two-down-
link of Band A and Band B is as follows.
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[0190] That is, by the control unit, the terminal 20a and the
terminal 20c¢ are connected to each other, and the terminal
205 and the terminal 204 are connected to each other, in the
switch circuit 20 (first connection state). Furthermore, the
terminal 50a and the terminal 50c¢ are connected to each
other, and the terminal 505 and the terminal 50d are con-
nected to each other, in the switch circuit 50.

[0191] Furthermore, by the control unit, the common
terminal 61a and the selection terminal 61¢ are connected to
each other in the switch circuit 61, and the common terminal
62a and the selection terminal 62¢ are connected to each
other in the switch circuit 62.

[0192] In this connection state, a transmission signal in
Band A is transmitted through the output terminal 3a, the
switch circuit 50, the transmission amplifier 43, the switch
circuit 61, the first multiplexer, the switch circuit 20, and the
primary antenna 13, and a transmission signal in Band B is
transmitted through the output terminal 35, the switch circuit
50, the transmission amplifier 44, the switch circuit 62, the
second multiplexer, the switch circuit 20, and the secondary
antenna 14. Furthermore, a reception signal in Band A is
received by the RFIC 3 through the primary antenna 13, the
switch circuit 20, and the first multiplexer, and a reception
signal in Band B is received by the RFIC 3 through the
secondary antenna 14, the switch circuit 20, and the second
multiplexer.

[0193] Alternatively, by the control unit, the terminal 20a
and the terminal 20d are connected to each other, and the
terminal 205 and the terminal 20c¢ are connected to each
other, in the switch circuit 20 (second connection state).
Furthermore, the terminal 50a and the terminal 50d are
connected to each other, and the terminal 505 and the
terminal 50c¢ are connected to each other, in the switch
circuit 50.

[0194] Furthermore, by the control unit, the common
terminal 61a and the selection terminal 61¢ are connected to
each other in the switch circuit 61, and the common terminal
62a and the selection terminal 62¢ are connected to each
other in the switch circuit 62.

[0195] In this connection state, a transmission signal in
Band B is transmitted through the output terminal 3a, the
switch circuit 50, the transmission amplifier 44, the switch
circuit 62, the second multiplexer, the switch circuit 20, and
the primary antenna 13, and a transmission signal in Band A
is transmitted through the output terminal 35, the switch
circuit 50, the transmission amplifier 43, the switch circuit
61, the first multiplexer, the switch circuit 20, and the
secondary antenna 14. Furthermore, a reception signal in
Band B is received by the RFIC 3 through the primary
antenna 13, the switch circuit 20, and the second multi-
plexer, and a reception signal in Band A is received by the
RFIC 3 through the secondary antenna 14, the switch circuit
20, and the first multiplexer.

[0196] FIG. 7B is a circuit state diagram in a case of
one-uplink two-downlink of the high-frequency front end
module 2C according to Embodiment 2. This diagram
illustrates a circuit connection state in a case of one-uplink
of Band A and two-downlink of Band A and Band C (mode
2: one-uplink two-downlink).

[0197] In the mode 2, as illustrated in FIG. 7B, by the
control unit, the terminal 20a and the terminal 20c¢ are
connected to each other in the switch circuit 20. Further-
more, the terminal 50a and the terminal 50c¢ are connected
to each other in the switch circuit 50.
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[0198] Furthermore, by the control unit, the common
terminal 61a and the selection terminal 61¢ are connected to
each other in the switch circuit 61.

[0199] In this connection state, in the mode 2, a transmis-
sion signal in Band A is transmitted through the output
terminal 3a, the switch circuit 50, the transmission amplifier
43, the switch circuit 61, the first multiplexer, the switch
circuit 20, and the primary antenna 13, and reception signals
in Band A and Band C are received by the RFIC 3 through
the primary antenna 13, the switch circuit 20, and the first
multiplexer.

[0200] Alternatively, in the mode 2, one-uplink of Band C
and two-downlink of Band A and Band C (mode 2: one-
uplink two-downlink) can be performed. That is, by the
control unit, the terminal 205 and the terminal 20c¢ are
connected to each other in the switch circuit 20. Further-
more, the terminal 50a and the terminal 50d are connected
to each other in the switch circuit 50.

[0201] Furthermore, by the control unit, the common
terminal 62a and the selection terminal 624 are connected to
each other in the switch circuit 62.

[0202] In this connection state, in the mode 2, a transmis-
sion signal in Band C is transmitted through the output
terminal 3a, the switch circuit 50, the transmission amplifier
44, the switch circuit 62, the second multiplexer, the switch
circuit 20, and the primary antenna 13, and reception signals
in Band A and Band C are received by the RFIC 3 through
the primary antenna 13, the switch circuit 20, and the second
multiplexer.

[0203] Note that in both the above-described two types of
connection forms, the case of one-uplink two-downlink by
passing through the output terminal 3¢ and the primary
antenna 13 has been described as an example, but one-uplink
two-downlink by passing through the output terminal 35 and
the secondary antenna 14 is also possible.

[0204] Furthermore, although not illustrated in FIG. 7B, a
circuit connection state in a case of one-uplink of Band B
and two-downlink of Band B and Band C (mode 2: one-
uplink two-downlink) is as follows.

[0205] In the mode 2, as illustrated in FIG. 7B, by the
control unit, the terminal 20a and the terminal 20c¢ are
connected to each other in the switch circuit 20. Further-
more, the terminal 50a and the terminal 50c¢ are connected
to each other in the switch circuit 50.

[0206] Furthermore, by the control unit, the common
terminal 61a and the selection terminal 614 are connected to
each other in the switch circuit 61.

[0207] In this connection state, in the mode 2, a transmis-
sion signal in Band B is transmitted through the output
terminal 3a, the switch circuit 50, the transmission amplifier
43, the switch circuit 61, the first multiplexer, the switch
circuit 20, and the primary antenna 13, and reception signals
in Band B and Band C are received by the RFIC 3 through
the primary antenna 13, the switch circuit 20, and the first
multiplexer.

[0208] Alternatively, in the mode 2, one-uplink of Band C
and two-downlink of Band B and Band C (mode 2: one-
uplink two-downlink) can be performed. That is, by the
control unit, the terminal 205 and the terminal 20c¢ are
connected to each other in the switch circuit 20. Further-
more, the terminal 50a and the terminal 50d are connected
to each other in the switch circuit 50.
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[0209] Furthermore, by the control unit, the common
terminal 624 and the selection terminal 624 are connected to
each other in the switch circuit 62.

[0210] In this connection state, in the mode 2, a transmis-
sion signal in Band C is transmitted through the output
terminal 3a, the switch circuit 50, the transmission amplifier
44, the switch circuit 62, the second multiplexer, the switch
circuit 20, and the primary antenna 13, and reception signals
in Band B and Band C are received by the RFIC 3 through
the primary antenna 13, the switch circuit 20, and the second
multiplexer.

[0211] Note that in both the above-described two types of
connection forms, the case of one-uplink two-downlink by
passing through the output terminal 3¢ and the primary
antenna 13 has been described as an example, but one-uplink
two-downlink by passing through the output terminal 35 and
the secondary antenna 14 is also possible.

[0212] Furthermore, although not illustrated in FIG. 7B, a
circuit connection state in a case of one-uplink of Band A
and two-downlink of Band A and Band B (mode 2: one-
uplink two-downlink) is as follows.

[0213] In the mode 2, as illustrated in FIG. 7B, by the
control unit, the terminal 20a and the terminal 20c¢ are
connected to each other in the switch circuit 20. Further-
more, the terminal 50a and the terminal 50c¢ are connected
to each other in the switch circuit 50.

[0214] Furthermore, by the control unit, the common
terminal 61a and the selection terminal 61¢ are connected to
each other in the switch circuit 61.

[0215] In this connection state, in the mode 2, a transmis-
sion signal in Band A is transmitted through the output
terminal 3a, the switch circuit 50, the transmission amplifier
43, the switch circuit 61, the first multiplexer, the switch
circuit 20, and the primary antenna 13, and reception signals
in Band A and Band B are received by the RFIC 3 through
the primary antenna 13, the switch circuit 20, and the first
multiplexer.

[0216] Alternatively, in the mode 2, one-uplink of Band B
and two-downlink of Band A and Band B (mode 2: one-
uplink two-downlink) can be performed. That is, by the
control unit, the terminal 205 and the terminal 20c¢ are
connected to each other in the switch circuit 20. Further-
more, the terminal 50a and the terminal 504 are connected
to each other in the switch circuit 50.

[0217] Furthermore, by the control unit, the common
terminal 624 and the selection terminal 62¢ are connected to
each other in the switch circuit 62.

[0218] In this connection state, in the mode 2, a transmis-
sion signal in Band B is transmitted through the output
terminal 3a, the switch circuit 50, the transmission amplifier
44, the switch circuit 62, the second multiplexer, the switch
circuit 20, and the primary antenna 13, and reception signals
in Band A and Band B are received by the RFIC 3 through
the primary antenna 13, the switch circuit 20, and the second
multiplexer.

[0219] Alternatively, in the mode 2, by the control unit, the
terminal 20a and the terminal 20c¢ are connected to each
other in the switch circuit 20. Furthermore, the terminal 50a
and the terminal 50c¢ are connected to each other in the
switch circuit 50.

[0220] Furthermore, by the control unit, the common
terminal 61a and the selection terminal 61d are connected to
each other in the switch circuit 61.
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[0221] In this connection state, in the mode 2, a transmis-
sion signal in Band B is transmitted through the output
terminal 3a, the switch circuit 50, the transmission amplifier
43, the switch circuit 61, the first multiplexer, the switch
circuit 20, and the primary antenna 13, and reception signals
in Band A and Band B are received by the RFIC 3 through
the primary antenna 13, the switch circuit 20, and the first
multiplexer.

[0222] Note that, in all the above-described connection
forms of one-uplink two-downlink, the case of one-uplink
two-downlink by passing through the output terminal 3¢ and
the primary antenna 13 has been described as an example,
but one-uplink two-downlink by passing through the output
terminal 36 and the secondary antenna 14 is also possible.

2.3 Comparison of High-Frequency Front End Modules
According to Embodiment 2 and Comparative Example 2

[0223] FIG. 8 is a circuit configuration diagram of a
high-frequency front end module 503 according to Com-
parative Example 2. Note that the diagram also illustrates the
RFIC 3 connected to the high-frequency front end module
503 according to Comparative Example 2. As illustrated in
the diagram, the high-frequency front end module 503
includes a primary circuit 503a¢ and a secondary circuit
5035. The primary circuit 503¢ includes the primary antenna
13, a switch circuit 563, transmission filters 31T1, 32T1, and
33T1, the reception filters 31R1, 32R1, and 33R1, and the
transmission amplifier 43. The transmission filters 31T1,
32T1, and 33T1 and the reception filters 31R1, 32R1, and
33R1 constitute a first multiplexer. The secondary circuit
5035 includes the secondary antenna 14, a switch circuit
564, the transmission filters 31T2, 32T2, and 3312, the
reception filters 31R2, 32R2, and 33R2, and the transmis-
sion amplifier 44. The transmission filters 3112, 32T2, and
33T2 and the reception filters 31R2, 32R2, and 33R2
constitute a second multiplexer. The high-frequency front
end module 503 according to Comparative Example 2 is
different from the high-frequency front end module 2C
according to Embodiment 2 in the configurations of the first
multiplexer, the second multiplexer, and the switch circuit.
Hereinafter, the high-frequency front end module 503
according to Comparative Example 2 will be described
focusing on the differences from the high-frequency front
end module 2C according to Embodiment 2.

[0224] The switch circuit 563 is an SP3T (Single Pole 3
Throw) type switch circuit having a common terminal 563«
and selection terminals 563¢, 563d, and 563e. The common
terminal 563a is connected to the output terminal of the
transmission amplifier 43. The switch circuit 564 is an SP3T
type switch circuit having a common terminal 564a and
selection terminals 564¢, 564d, and 564e. The common
terminal 564a is connected to the output terminal of the
transmission amplifier 44.

[0225] The transmission filter 31T1 is a transmission filter
whose input terminal is connected to the selection terminal
563c¢, whose output terminal is connected to the primary
antenna 13, and which takes A-Tx as a pass band. The
transmission filter 32T1 is a transmission filter whose input
terminal is connected to the selection terminal 5634, whose
output terminal is connected to the primary antenna 13, and
which takes B-Tx as a pass band. The transmission filter
33T1 is a transmission filter whose input terminal is con-
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nected to the selection terminal 563¢, whose output terminal
is connected to the primary antenna 13, and which takes
C-Tx as a pass band.

[0226] The reception filter 31R1 is a reception filter whose
input terminal is connected to the primary antenna 13, and
which takes A-Rx as a pass band. The reception filter 32R1
is a reception filter whose input terminal is connected to the
primary antenna 13, and which takes B-Rx as a pass band.
The reception filter 33R1 is a reception filter whose input
terminal is connected to the primary antenna 13, and which
takes C-Rx as a pass band.

[0227] The transmission filter 31T2 is a transmission filter
whose input terminal is connected to the selection terminal
564c¢, whose output terminal is connected to the secondary
antenna 14, and which takes A-Tx as a pass band. The
transmission filter 32T2 is a transmission filter whose input
terminal is connected to the selection terminal 5644, whose
output terminal is connected to the secondary antenna 14,
and which takes B-Tx as a pass band. The transmission filter
33T2 is a transmission filter whose input terminal is con-
nected to the selection terminal 564e, whose output terminal
is connected to the secondary antenna 14, and which takes
C-Tx as a pass band.

[0228] The reception filter 31R2 is a reception filter whose
input terminal is connected to the secondary antenna 14, and
which takes A-Rx as a pass band. The reception filter 32R2
is a reception filter whose input terminal is connected to the
secondary antenna 14, and which takes B-Rx as a pass band.
The reception filter 33R2 is a reception filter whose input
terminal is connected to the secondary antenna 14, and
which takes C-Rx as a pass band.

[0229] According to the configuration described above,
the high-frequency front end module 503 can execute two-
uplink in which two signals among a signal in the first
transmission band (A-Tx) included in Band A, a signal in the
second transmission band (C-Tx) included in Band C, and a
signal in the third transmission band (B-Tx) included in
Band B are simultaneously transmitted, and two-downlink
in which two signals among a signal in the first reception
band (A-Rx) included in Band A, a signal in the second
reception band (C-Rx) included in Band C, and a signal in
the third reception band (B-Rx) included in Band B are
simultaneously received.

[0230] For example, in a state in which the common
terminal 5634 and the selection terminal 563¢ are connected
to each other and the common terminal 564a and the
selection terminal 564e are connected to each other, it is
possible to execute two-uplink two-downlink of Band A and
Band C. That is, a transmission signal in Band A is trans-
mitted through the output terminal 3a, the transmission
amplifier 43, the first multiplexer, and the primary antenna
13, and a transmission signal in Band C is transmitted
through the output terminal 35, the transmission amplifier
44, the second multiplexer, and the secondary antenna 14.
Furthermore, a reception signal in Band A is received by the
RFIC 3 through the primary antenna 13 and the first mul-
tiplexer, and a reception signal in Band C is received by the
RFIC 3 through the secondary antenna 14 and the second
multiplexer. Furthermore, in a state in which the common
terminal 5634 and the selection terminal 563¢ are connected
to each other and the common terminal 564a and the
selection terminal 564¢ are connected to each other as well,
it is possible to execute two-uplink two-downlink of Band A
and Band C.



US 2022/0182081 Al

[0231] Furthermore, in a state in which the common
terminal 563a and the selection terminal 563¢ are connected
to each other and the common terminal 564a and the
selection terminal 564d are connected to each other, or in a
state in which the common terminal 563a and the selection
terminal 5634 are connected to each other and the common
terminal 564a and the selection terminal 564¢ are connected
to each other, it is possible to execute two-uplink two-
downlink of Band A and Band B.

[0232] Furthermore, in a state in which the common
terminal 563a and the selection terminal 5634 are connected
to each other and the common terminal 564a and the
selection terminal 564e¢ are connected to each other, or in a
state in which the common terminal 563a and the selection
terminal 563¢ are connected to each other and the common
terminal 564a and the selection terminal 5644 are connected
to each other, it is possible to execute two-uplink two-
downlink of Band B and Band C.

[0233] In the high-frequency front end module 503
according to Comparative Example 2, in order to ensure
signal quality such as isolation and the like of high-fre-
quency signals in two bands among Band A, Band B, and
Band C simultaneously transmitted/received, two antenna
elements, such as the primary antenna 13 which is prefer-
entially used and the secondary antenna 14 which is sec-
ondarily used, are disposed. In this case, because of neces-
sity of making it possible to transmit/receive each of the
high-frequency signals in Band A, Band B, and Band C even
by any of the antennas, a transmission path and a reception
path of Band A, a transmission path and a reception path of
Band B, and a transmission path and a reception path of
Band C are connected to the primary antenna 13, and a
transmission path and a reception path of Band A, a trans-
mission path and a reception path of Band B, and a trans-
mission path and a reception path of Band C are connected
and disposed also to the secondary antenna 14. A filter for
selectively allowing a desired frequency band to pass there-
through is arranged in each signal path, and in the configu-
ration of the high-frequency front end module 503 according
to Comparative Example 2, it is necessary to connect six
filters to the primary antenna 13, and to similarly connect six
filters to the secondary antenna 14. That is, in the front end
module to which the primary antenna 13 and the secondary
antenna 14 are applied, in order to achieve two-uplink
two-downlink of two arbitrary frequency bands among Band
A, Band B, and Band C, a total of 12 filters are required, and
the circuit is enlarged.

[0234] In contrast, according to the high-frequency front
end module 2C according to the present embodiment, it is
possible to arbitrarily distribute high-frequency signals in
Band A, Band B, and Band C to the primary antenna 13 and
the secondary antenna 14 by switching the connection state
of the switch circuit 20, and execute CA of two-uplink
two-downlink. Therefore, in the first multiplexer connected
to one of the antennas, for example, the transmission filter of
Band C can be reduced. In the same manner, in the second
multiplexer connected to the other of the antennas, for
example, the transmission filter of Band A can be reduced.
That is, in the high-frequency front end module 2C accord-
ing to the present embodiment, a total of ten filters are
disposed, and two filters can be reduced as compared with
the configuration of the high-frequency front end module
503 according to Comparative Example 2.
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[0235] Inthe configuration of the high-frequency front end
module 2C according to the present embodiment, in com-
parison with the high-frequency front end module 503
according to Comparative Example 2, the one switch circuit
20 of the two-input two-output type is added, but the switch
circuit 20 is sufficiently smaller than the transmission filter
and the reception filter. Accordingly, it is possible to provide
the high-frequency front end module 2C which is reduced in
size and in which CA of two-uplink two-downlink can be
performed.

2.4 Configurations of High-Frequency Front End Module
2D and Communication Device 1D According to
Modification

[0236] FIG. 9 is a circuit configuration diagram of a
communication device 1D according to Modification of
Embodiment 2. As illustrated in the diagram, the commu-
nication device 1D includes a high-frequency front end
module 2D, the RFIC 3, and the BBIC 4. The communica-
tion device 1D according to the present modification differs
from the communication device 1C according to Embodi-
ment 2 in the configuration of the high-frequency front end
module. Hereinafter, the communication device 1D accord-
ing to the present modification will be described focusing on
the differences from the communication device 1C accord-
ing to Embodiment 2.

[0237] As illustrated in FIG. 9, the high-frequency front
end module 2D includes the primary antenna 13 and the
secondary antenna 14, the switch circuits 20, 62, and 50, the
transmission filters 31T1, 3212, and 33712, reception filters
31R1, 32R1, 31R2, and 35R2, and the transmission ampli-
fiers 43 and 44.

[0238] Note that the communication device 1D according
to the present modification is applied in a case where Band
A, Band B, and Band C have the following frequency
relationship. That is, the relationship is such that Band A
overlaps with neither Band B nor Band C in the frequency
band, and the reception band of Band B includes the
reception band of Band C.

[0239] According to the configuration described above,
the high-frequency front end module 2D can execute (1)
two-uplink two-downlink of Band A and Band B, and (2)
two-uplink two-downlink of Band A and Band C. Note that
since Band B includes Band C, two-uplink two-downlink of
Band B and Band C is not executed.

[0240] The high-frequency front end module 2D accord-
ing to the present modification is different from the high-
frequency front end module 2C according to Embodiment 2
in the configurations of the first multiplexer and the second
multiplexer. Hereinafter, the high-frequency front end mod-
ule 2D according to the present modification will be
described focusing on the differences from the high-fre-
quency front end module 2C according to Embodiment 2.

[0241] The switch circuit 62 is an SPDT type switch
circuit having the common terminal 62a and the selection
terminals 62¢ and 624. The common terminal 62a is con-
nected to the output terminal of the transmission amplifier
44.

[0242] The transmission filter 31T1 is a first transmission
filter whose input terminal is connected to the transmission
amplifier 43, whose output terminal is connected to the
switch circuit 20, and which takes A-Tx as a pass band.
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[0243] The reception filter 31R1 is a first reception filter
whose input terminal is connected to the switch circuit 20,
and which takes A-Rx as a pass band.

[0244] The reception filter 32R1 is a fifth reception filter
whose input terminal is connected to the switch circuit 20,
and which takes B-Rx and C-Rx as a pass band.

[0245] The transmission filter 32T2 is a sixth transmission
filter whose input terminal is connected to the selection
terminal 62¢, whose output terminal is connected to the
switch circuit 20, and which takes B-Tx as a pass band.
[0246] The transmission filter 33T2 is a second transmis-
sion filter whose input terminal is connected to the selection
terminal 62d, whose output terminal is connected to the
switch circuit 20, and which takes C-Tx as a pass band.
[0247] The reception filter 31R2 is a third reception filter
whose input terminal is connected to the switch circuit 20,
and which takes A-Rx as a pass band.

[0248] The reception filter 35R2 is a second reception
filter whose input terminal is connected to the switch circuit
20, and which takes, as a pass band, a band which includes
B-Rx and C-Rx.

[0249] The transmission filter 31T1 and the reception
filters 31R1 and 32R1 constitute a first multiplexer that can
selectively transmit a high-frequency signal in Band A and
receive high-frequency signals in Band A, Band B, and Band
C. Note that the first multiplexer does not have a transmis-
sion filter which takes B-Tx as a pass band and a transmis-
sion filter which takes C-Tx as a pass band.

[0250] The transmission filters 32T2 and 33T2 and the
reception filters 31R2 and 35R2 constitute a second multi-
plexer that can selectively transmit high-frequency signals in
Band B and Band C and receive high-frequency signals in
Band A, Band B, and Band C. Note that the second multi-
plexer does not have a transmission filter which takes A-Tx
as a pass band and a reception filter which takes C-Rx as a
pass band and does not take part of B-Rx as a pass band.
[0251] The high-frequency front end module 2D described
above includes the primary antenna 13 and the secondary
antenna 14, the switch circuits 20 and 62, the first multi-
plexer, and the second multiplexer described above, thereby
making it possible to arbitrarily distribute high-frequency
signals in Band A, Band B, and Band C to the primary
antenna 13 and the secondary antenna 14 by switching the
connection state of the switch circuits 20 and 62, and
execute two-uplink two-downlink of Band A and Band B,
and two-uplink two-downlink of Band A and Band C. Here,
since the first multiplexer does not have a transmission filter
of Band B, a transmission filter of Band C, and a reception
filter of Band C, and the second multiplexer does not have
a transmission filter of Band A and a reception filter dedi-
cated to Band C, it is possible to provide the high-frequency
front end module 2D which is reduced in size and in which
CA of two-uplink two-downlink in three bands including
two bands in an overlapping relationship can be performed.

2.5 Connection State of High-Frequency Front End Module
2D According to Modification

[0252] FIG. 10A is a circuit state diagram in a case of
two-uplink two-downlink of the high-frequency front end
module 2D according to Modification of Embodiment 2.
This diagram illustrates a circuit connection state in a case
of two-uplink of Band A and Band C and two-downlink of
Band A and Band C (mode 1: two-uplink two-downlink).
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[0253] In the mode 1, as illustrated in FIG. 10A, by the
control unit, the terminal 20a and the terminal 20c¢ are
connected to each other, and the terminal 205 and the
terminal 204 are connected to each other, in the switch
circuit 20 (first connection state). Furthermore, the terminal
50a and the terminal 50c¢ are connected to each other, and the
terminal 505 and the terminal 504 are connected to each
other, in the switch circuit 50.

[0254] Furthermore, by the control unit, the common
terminal 624 and the selection terminal 624 are connected to
each other in the switch circuit 62.

[0255] In this connection state, in the mode 1, a transmis-
sion signal in Band A is transmitted through the output
terminal 3a, the switch circuit 50, the transmission amplifier
43, the first multiplexer, the switch circuit 20, and the
primary antenna 13, and a transmission signal in Band C is
transmitted through the output terminal 35, the switch circuit
50, the transmission amplifier 44, the switch circuit 62, the
second multiplexer, the switch circuit 20, and the secondary
antenna 14. Furthermore, a reception signal in Band A is
received by the RFIC 3 through the primary antenna 13, the
switch circuit 20, and the first multiplexer, and a reception
signal in Band C is received by the RFIC 3 through the
secondary antenna 14, the switch circuit 20, and the second
multiplexer (reception filter 35R2).

[0256] Alternatively, in the mode 1, as illustrated in FIG.
10A, by the control unit, the terminal 20a and the terminal
20d are connected to each other, and the terminal 205 and
the terminal 20c¢ are connected to each other, in the switch
circuit 20 (second connection state). Furthermore, the ter-
minal 50a and the terminal 504 are connected to each other,
and the terminal 505 and the terminal 50c¢ are connected to
each other, in the switch circuit 50.

[0257] Furthermore, by the control unit, the common
terminal 624 and the selection terminal 624 are connected to
each other in the switch circuit 62.

[0258] In this connection state, in the mode 1, a transmis-
sion signal in Band C is transmitted through the output
terminal 3a, the switch circuit 50, the transmission amplifier
44, the switch circuit 62, the second multiplexer, the switch
circuit 20, and the primary antenna 13, and a transmission
signal in Band A is transmitted through the output terminal
35, the switch circuit 50, the transmission amplifier 43, the
first multiplexer, the switch circuit 20, and the secondary
antenna 14. Furthermore, a reception signal in Band C is
received by the RFIC 3 through the primary antenna 13, the
switch circuit 20, and the second multiplexer (reception
filter 35R2), and a reception signal in Band A is received by
the RFIC 3 through the secondary antenna 14, the switch
circuit 20, and the first multiplexer.

[0259] Furthermore, in the high-frequency front end mod-
ule 2D, two-uplink of Band A and Band B and two-downlink
of Band A and Band B (mode 1: two-uplink two-downlink)
can be performed.

[0260] That is, by the control unit, the terminal 20a and the
terminal 20c¢ are connected to each other, and the terminal
205 and the terminal 204 are connected to each other, in the
switch circuit 20 (first connection state). Furthermore, the
terminal 50a and the terminal 50c¢ are connected to each
other, and the terminal 505 and the terminal 50d are con-
nected to each other, in the switch circuit 50.

[0261] Furthermore, by the control unit, the common
terminal 624 and the selection terminal 62¢ are connected to
each other in the switch circuit 62.
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[0262] In this connection state, in the mode 1, a transmis-
sion signal in Band A is transmitted through the output
terminal 3a, the switch circuit 50, the transmission amplifier
43, the first multiplexer, the switch circuit 20, and the
primary antenna 13, and a transmission signal in Band B is
transmitted through the output terminal 35, the switch circuit
50, the transmission amplifier 44, the switch circuit 62
(through the selection terminal 62¢), the second multiplexer,
the switch circuit 20, and the secondary antenna 14. Fur-
thermore, a reception signal in Band A is received by the
RFIC 3 through the primary antenna 13, the switch circuit
20, and the first multiplexer, and a reception signal in Band
B is received by the RFIC 3 through the secondary antenna
14, the switch circuit 20, and the second multiplexer (recep-
tion filter 35R2).

[0263] Alternatively, by the control unit, the terminal 20a
and the terminal 20d are connected to each other, and the
terminal 205 and the terminal 20¢ are connected to each
other, in the switch circuit 20 (second connection state).
Furthermore, the terminal 50a and the terminal 50d are
connected to each other, and the terminal 505 and the
terminal 50c¢ are connected to each other, in the switch
circuit 50.

[0264] Furthermore, by the control unit, the common
terminal 624 and the selection terminal 62¢ are connected to
each other in the switch circuit 62.

[0265] In this connection state, in the mode 1, a transmis-
sion signal in Band B is transmitted through the output
terminal 3a, the switch circuit 50, the transmission amplifier
44, the switch circuit 62 (through the selection terminal
62¢), the second multiplexer, the switch circuit 20, and the
primary antenna 13, and a transmission signal in Band A is
transmitted through the output terminal 35, the switch circuit
50, the transmission amplifier 43, the first multiplexer, the
switch circuit 20, and the secondary antenna 14. Further-
more, a reception signal in Band B is received by the RFIC
3 through the primary antenna 13, the switch circuit 20, and
the second multiplexer (reception filter 35R2), and a recep-
tion signal in Band A is received by the RFIC 3 through the
secondary antenna 14, the switch circuit 20, and the first
multiplexer.

[0266] FIG. 10B is a circuit state diagram in a case of
one-uplink two-downlink of the high-frequency front end
module 2D according to Modification of Embodiment 2.
This diagram illustrates a circuit connection state in a case
of one-uplink of Band A and two-downlink of Band A and
Band B (mode 2: one-uplink two-downlink).

[0267] In the mode 2, as illustrated in FIG. 10B, by the
control unit, the terminal 20a and the terminal 20c¢ are
connected to each other in the switch circuit 20 (third
connection state). Furthermore, the terminal 50a and the
terminal 50¢ are connected to each other in the switch circuit
50.

[0268] In this connection state, in the mode 2, a transmis-
sion signal in Band A is transmitted through the output
terminal 3a, the switch circuit 50, the transmission amplifier
43, the first multiplexer, the switch circuit 20, and the
primary antenna 13, and reception signals in Band A and
Band B are received by the RFIC 3 through the primary
antenna 13, the switch circuit 20, and the first multiplexer.
[0269] Furthermore, in the above-described connection
state, one-uplink of Band A and two-downlink of Band A
and Band C (mode 2: one-uplink two-downlink) can also be
performed.
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[0270] That is, a transmission signal in Band A is trans-
mitted through the output terminal 3a, the switch circuit 50,
the transmission amplifier 43, the first multiplexer, the
switch circuit 20, and the primary antenna 13, and reception
signals in Band A and Band C are received by the RFIC 3
through the primary antenna 13, the switch circuit 20, and
the first multiplexer.

[0271] Furthermore, in the high-frequency front end mod-
ule 2D, one-uplink of Band B and two-downlink of Band A
and Band B (mode 2: one-uplink two-downlink) can be
performed.

[0272] That is, by the control unit, the terminal 205 and the
terminal 20c are connected to each other in the switch circuit
20 (fifth connection state). Furthermore, the terminal 50a
and the terminal 504 are connected to each other in the
switch circuit 50.

[0273] Furthermore, by the control unit, the common
terminal 624 and the selection terminal 62¢ are connected to
each other in the switch circuit 62.

[0274] In this connection state, in the mode 2, a transmis-
sion signal in Band B is transmitted through the output
terminal 3a, the switch circuit 50, the transmission amplifier
44, the switch circuit 62 (through the selection terminal
62c), the second multiplexer, the switch circuit 20, and the
primary antenna 13, and reception signals in Band A and
Band B are received by the RFIC 3 through the primary
antenna 13, the switch circuit 20, and the second multi-
plexer.

[0275] Furthermore, in the above-described connection
state, one-uplink of Band C and two-downlink of Band A
and Band C (mode 2: one-uplink two-downlink) can also be
performed.

[0276] That is, by the control unit, the terminal 205 and the
terminal 20c are connected to each other in the switch circuit
20 (fifth connection state). Furthermore, the terminal 50a
and the terminal 504 are connected to each other in the
switch circuit 50.

[0277] Furthermore, by the control unit, the common
terminal 624 and the selection terminal 624 are connected to
each other in the switch circuit 62.

[0278] That is, a transmission signal in Band C is trans-
mitted through the output terminal 3a, the switch circuit 50,
the transmission amplifier 44, the switch circuit 62, the
second multiplexer, the switch circuit 20, and the primary
antenna 13, and reception signals in Band A and Band C are
received by the RFIC 3 through the primary antenna 13, the
switch circuit 20, and the second multiplexer.

[0279] Note that in the above-described two types of
connection forms, the case of one-uplink two-downlink by
passing through the output terminal 3¢ and the primary
antenna 13 has been described as an example, but one-uplink
two-downlink by passing through the output terminal 35 and
the secondary antenna 14 is also possible.

[0280] The high-frequency front end module 2D accord-
ing to the present modification includes the primary antenna
13 and the secondary antenna 14, the switch circuit 20, the
first multiplexer, and the second multiplexer, thereby mak-
ing it possible to execute two-uplink two-downlink of two
bands of Band A and Band B, and two-uplink two-downlink
of two bands of Band A and Band C, by switching the
connection state of the switch circuit 20. By arbitrarily
distributing high-frequency signals in Band A and Band B to
the primary antenna 13 and the secondary antenna 14, and
arbitrarily distributing high-frequency signals in Band A and
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Band C to the primary antenna 13 and the secondary antenna
14, CA of two-uplink two-downlink can be performed.
Therefore, in the first multiplexer connected to one of the
antennas, the transmission filters of Band B and Band C can
be reduced. In the same manner, in the second multiplexer
connected to the other of the antennas, the transmission filter
of Band A can be reduced. That is, three or more filters can
be reduced as compared with the configuration of the
high-frequency front end module 503 according to Com-
parative Example 2.

[0281] Furthermore, in the configuration of the high-
frequency front end module 2D according to the present
modification, as compared with the high-frequency front end
module 2C according to Embodiment 2, it is possible to
further reduce three filters of the transmission filter of Band
B and the reception filter dedicated to Band C as the filters
constituting the first multiplexer, and the reception filter
dedicated to Band C as the second multiplexer. Furthermore,
in the case of one-uplink two-downlink, only one of the
primary antenna 13 and the secondary antenna 14 may be
used. Accordingly, it is possible to provide the high-fre-
quency front end module 2D which is further reduced in size
and in which CA of two-uplink two-downlink can be per-
formed and the CA operation of one-uplink two-downlink is
simplified.

Embodiment 3

3.1 Configurations of High-Frequency Front End Module 2E
and Communication Device 1E

[0282] Embodiment 1 has described the configurations of
the communication device and the high-frequency front end
module for executing CA in two frequency bands, and
Embodiment 2 has described the configurations of the
communication device and the high-frequency front end
module for executing CA in two frequency bands among
three frequency bands. In contrast, the present embodiment
describes the configurations of a communication device and
a high-frequency front end module for executing CA of two
frequency bands among four frequency bands.

[0283] FIG. 11 is a circuit configuration diagram of a
communication device 1E according to Embodiment 3. As
illustrated in the diagram, the communication device 1E
includes a high-frequency front end module 2E, the RFIC 3,
and the BBIC 4. The communication device 1E according to
the present embodiment differs from the communication
device 1C according to Embodiment 2 in the configuration
of the high-frequency front end module. Hereinafter, the
communication device 1E according to the present embodi-
ment will be described focusing on the differences from the
communication device 1C according to Embodiment 2.
[0284] As illustrated in FIG. 11, the high-frequency front
end module 2E includes a primary antenna 15 and a sec-
ondary antenna 16, switch circuits 20, 50, 63, 64, 71, and 72,
transmission filters 31T1, 34T1, 32T2, and 33T2, reception
filters 31R1, 32R1, 33R1, 34R1, 31R2, 32R2, 33R2, and
34R2, and transmission amplifiers 45 and 46.

[0285] According to the configuration described above,
the high-frequency front end module 2E can execute (1)
two-uplink in which a transmission signal in a first trans-
mission band (B66-Tx) included in a first frequency band
(Band 66) and a transmission signal in a second transmission
band (B25-Tx) included in a second frequency band (Band
25) are simultaneously transmitted, (2) two-downlink in
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which a reception signal in a first reception band (B66-Rx)
included in the first frequency band (Band 66) and a recep-
tion signal in a second reception band (B25-Rx) included in
the second frequency band (Band 25) are simultaneously
received, (3) two-uplink in which a transmission signal in a
third transmission band (B1-Tx) included in a third fre-
quency band (Band 1) and a transmission signal in a fourth
transmission band (B3-Tx) included in a fourth frequency
band (Band 3) are simultaneously transmitted, and (4)
two-downlink in which a reception signal in a third recep-
tion band (B1-Rx) included in the third frequency band
(Band 1) and a reception signal in a fourth reception band
(B3-Rx) included in the fourth frequency band (Band 3) are
simultaneously received.

[0286] Note that in the present embodiment, a working
example in which each of the four frequency bands is
allocated to a specific band of LTE (Long Term Evolution)
is described. Note that Band 66 has a transmission band
(about 1710-1780 MHz) and a reception band (about 2110-
2200 MHz). Band 25 has a transmission band (about 1850-
1915 MHz) and a reception band (about 1930-1995 MHz).
Band 1 has a transmission band (about 1920-1980 MHz) and
a reception band (about 2110-2170 MHz). Band 3 has a
transmission band (about 1710-1785 MHz) and a reception
band (about 1805-1880 MHz).

[0287] In the frequency allocation described above, a
relationship in which the transmission band of Band 3
includes the transmission band of Band 66 is established,
and a relationship in which the reception band of Band 66
includes the reception band of Band 1 is established. In the
four frequency bands, there is no other overlapping and
inclusion relationship.

[0288] By the relationship of the frequency band, the
high-frequency front end module 2E according to the pres-
ent embodiment is configured such that two-uplink of Band
66 and Band 3 is not executed, and two-downlink of Band
66 and Band 1 is not executed.

[0289] The high-frequency front end module 2E according
to the present embodiment is different from the high-fre-
quency front end module 2C according to Embodiment 2 in
a point that the configuration for transmitting/receiving
signals in four frequency bands is included. Hereinafter, the
high-frequency front end module 2E according to the pres-
ent embodiment will be described focusing on the differ-
ences from the high-frequency front end module 2C accord-
ing to Embodiment 2.

[0290] The primary antenna 15 is an antenna that is used
in preference to the secondary antenna 16 in terms of
antenna performance and the like, and is an antenna element
capable of transmitting and receiving signals in Band 66,
Band 25, Band 1, and Band 3. The secondary antenna 16 is
an antenna element capable of transmitting and receiving
signals in Band 66, Band 25, Band 1, and Band 3.

[0291] The switch circuit 63 is an SPDT type switch
circuit having a common terminal 63a and selection termi-
nals 63¢ and 63d. The common terminal 63a is connected to
an output terminal of the transmission amplifier 45. The
switch circuit 64 is an SPDT type switch circuit having a
common terminal 64a and selection terminals 64c and 64d.
The common terminal 64a is connected to an output termi-
nal of the transmission amplifier 46.

[0292] The switch circuit 71 is an SPDT type switch
circuit having a common terminal 71¢ and selection termi-
nals 71a and 715. The common terminal 71c is connected to
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the terminal 20a of the switch circuit 20. The switch circuit
72 is an SPDT type switch circuit having a common terminal
72¢ and selection terminals 72a and 72b. The common
terminal 72¢ is connected to the terminal 205 of the switch
circuit 20.

[0293] The transmission filter 31T1 is a first transmission
filter whose input terminal is connected to the selection
terminal 63¢, whose output terminal is connected to the
selection terminal 71a, and which takes B66-Tx as a pass
band.

[0294] The transmission filter 34T1 is a seventh transmis-
sion filter whose input terminal is connected to the selection
terminal 63d, whose output terminal is connected to the
selection terminal 715, and which takes B3-Tx as a pass
band.

[0295] The reception filter 31R1 is a first reception filter
whose input terminal is connected to the selection terminal
71a, and which takes B66-Rx as a pass band.

[0296] The reception filter 32R1 is a fourth reception filter
whose input terminal is connected to the selection terminal
71a, and which takes B25-Rx as a pass band.

[0297] The reception filter 33R1 is a fifth reception filter
whose input terminal is connected to the selection terminal
715, and which takes B1-Rx as a pass band.

[0298] The reception filter 34R1 is a seventh reception
filter whose input terminal is connected to the selection
terminal 715, and which takes B3-Rx as a pass band.
[0299] The transmission filter 32T2 is a second transmis-
sion filter whose input terminal is connected to the selection
terminal 64c¢, whose output terminal is connected to the
selection terminal 72a, and which takes B25-Tx as a pass
band.

[0300] The transmission filter 33T2 is a sixth transmission
filter whose input terminal is connected to the selection
terminal 64d, whose output terminal is connected to the
selection terminal 726, and which takes B1-Tx as a pass
band.

[0301] The reception filter 31R2 is a third reception filter
whose input terminal is connected to the selection terminal
72a, and which takes B66-Rx as a pass band.

[0302] The reception filter 32R2 is a second reception
filter whose input terminal is connected to the selection
terminal 72a, and which takes B25-Rx as a pass band.
[0303] The reception filter 33R2 is a sixth reception filter
whose input terminal is connected to the selection terminal
72b, and which takes B1-Rx as a pass band.

[0304] The reception filter 34R2 is an eighth reception
filter whose input terminal is connected to the selection
terminal 725, and which takes B3-Rx as a pass band.
[0305] The transmission filters 31T1 and 34T1 and the
reception filters 31R1, 32R1, 33R1, and 34R1 constitute a
first multiplexer that can selectively transmit high-frequency
signals in Band 66 and Band 3 and receive high-frequency
signals in Band 66, Band 25, Band 1, and Band 3. Note that
the first multiplexer does not have a transmission filter
which takes B25-Tx as a pass band and a transmission filter
which takes B1-Tx as a pass band.

[0306] The transmission filters 32T2 and 33T2 and the
reception filters 31R2, 32R2, 33R2, and 34R2 constitute a
second multiplexer that can selectively transmit high-fre-
quency signals in Band 25 and Band 1 and receive high-
frequency signals in Band 66, Band 25, Band 1, and Band
3.
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[0307] Note that the second multiplexer does not have a
transmission filter which takes B66-Tx as a pass band and a
transmission filter which takes B3-Tx as a pass band.
[0308] The high-frequency front end module 2E described
above includes the primary antenna 15 and the secondary
antenna 16, the switch circuits 20, 63, 64, 71, and 72, the first
multiplexer, and the second multiplexer described above,
thereby making it possible to arbitrarily distribute high-
frequency signals in Band 66, Band 25, Band 1, and Band
3 to the primary antenna 15 and the secondary antenna 16 by
switching the connection state of the switch circuits 20, 63,
64, 71, and 72, and execute CAs of two-uplink two-down-
link cited in (1)-(4) described above. Here, since the first
multiplexer does not have the transmission filter of Band 25
and the transmission filter of Band 1, and the second
multiplexer does not have the transmission filter of Band 66
and the transmission filter of Band 3, it is possible to provide
the high-frequency front end module 2E which is reduced in
size and in which CA of two-uplink two-downlink can be
performed.

3.2 Connection State of High-Frequency Front End Module
2E

[0309] FIG. 12A is a circuit state diagram in a case of
two-uplink two-downlink of the high-frequency front end
module 2E according to Embodiment 3. This diagram illus-
trates a circuit connection state in a case of two-uplink of
Band 66 and Band 25 and two-downlink of Band 66 and
Band 25 (mode 1: two-uplink two-downlink).

[0310] In the mode 1, as illustrated in FIG. 12A, by the
control unit, the terminal 20a and the terminal 20c¢ are
connected to each other, and the terminal 205 and the
terminal 204 are connected to each other, in the switch
circuit 20 (first connection state). Furthermore, the terminal
50a and the terminal 50c¢ are connected to each other, and the
terminal 5056 and the terminal 50d are connected to each
other, in the switch circuit 50.

[0311] Furthermore, by the control unit, the common
terminal 63a and the selection terminal 63¢ are connected to
each other in the switch circuit 63, and the common terminal
64a and the selection terminal 64¢ are connected to each
other in the switch circuit 64.

[0312] In this connection state, in the mode 1, a transmis-
sion signal in Band 66 is transmitted through the output
terminal 3a, the switch circuit 50, the transmission amplifier
45, the switch circuit 63, the first multiplexer, the switch
circuit 71, the switch circuit 20, and the primary antenna 15,
and a transmission signal in Band 25 is transmitted through
the output terminal 35, the switch circuit 50, the transmis-
sion amplifier 46, the switch circuit 64, the second multi-
plexer, the switch circuit 72, the switch circuit 20, and the
secondary antenna 16. Furthermore, a reception signal in
Band 66 is received by the RFIC 3 through the primary
antenna 15, the switch circuit 20, the switch circuit 71, and
the first multiplexer, and a reception signal in Band 25 is
received by the RFIC 3 through the secondary antenna 16,
the switch circuit 20, the switch circuit 72, and the second
multiplexer.

[0313] Alternatively, in the mode 1, as illustrated in FIG.
12A, by the control unit, the terminal 20a and the terminal
20d are connected to each other, and the terminal 205 and
the terminal 20c¢ are connected to each other, in the switch
circuit 20 (second connection state). Furthermore, the ter-
minal 50a and the terminal 504 are connected to each other,
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and the terminal 505 and the terminal 50¢ are connected to
each other, in the switch circuit 50.

[0314] Furthermore, by the control unit, the common
terminal 63a and the selection terminal 63¢ are connected to
each other in the switch circuit 63, and the common terminal
64a and the selection terminal 64¢ are connected to each
other in the switch circuit 64.

[0315] In this connection state, in the mode 1, a transmis-
sion signal in Band 25 is transmitted through the output
terminal 3a, the switch circuit 50, the transmission amplifier
46, the switch circuit 64, the second multiplexer, the switch
circuit 72, the switch circuit 20, and the primary antenna 15,
and a transmission signal in Band 66 is transmitted through
the output terminal 35, the switch circuit 50, the transmis-
sion amplifier 45, the switch circuit 63, the first multiplexer,
the switch circuit 71, the switch circuit 20, and the secondary
antenna 16. Furthermore, a reception signal in Band 25 is
received by the RFIC 3 through the primary antenna 15, the
switch circuit 20, the switch circuit 72, and the second
multiplexer, and a reception signal in Band 66 is received by
the RFIC 3 through the secondary antenna 16, the switch
circuit 20, the switch circuit 71, and the first multiplexer.

[0316] FIG. 12B is a circuit state diagram in a case of
two-uplink two-downlink of the high-frequency front end
module 2E according to Embodiment 3. This diagram illus-
trates a circuit connection state in a case of two-uplink of
Band 1 and Band 3 and two-downlink of Band 1 and Band
3 (mode 1: two-uplink two-downlink).

[0317] In the mode 1, as illustrated in FIG. 12B, by the
control unit, the terminal 20a and the terminal 20c¢ are
connected to each other, and the terminal 205 and the
terminal 20d are connected to each other, in the switch
circuit 20 (first connection state). Furthermore, the terminal
50a and the terminal 50c¢ are connected to each other, and the
terminal 504 and the terminal 50d are connected to each
other, in the switch circuit 50.

[0318] Furthermore, by the control unit, the common
terminal 63a and the selection terminal 634 are connected to
each other in the switch circuit 63, and the common terminal
64a and the selection terminal 64d are connected to each
other in the switch circuit 64.

[0319] In this connection state, in the mode 1, a transmis-
sion signal in Band 1 is transmitted through the output
terminal 3a, the switch circuit 50, the transmission amplifier
45, the switch circuit 63, the first multiplexer, the switch
circuit 71, the switch circuit 20, and the primary antenna 15,
and a transmission signal in Band 3 is transmitted through
the output terminal 35, the switch circuit 50, the transmis-
sion amplifier 46, the switch circuit 64, the second multi-
plexer, the switch circuit 72, the switch circuit 20, and the
secondary antenna 16. Furthermore, a reception signal in
Band 1 is received by the RFIC 3 through the primary
antenna 15, the switch circuit 20, the switch circuit 71, and
the first multiplexer, and a reception signal in Band 3 is
received by the RFIC 3 through the secondary antenna 16,
the switch circuit 20, the switch circuit 72, and the second
multiplexer.

[0320] Alternatively, in the mode 1, as illustrated in FIG.
12B, by the control unit, the terminal 20a and the terminal
20d are connected to each other, and the terminal 205 and
the terminal 20c¢ are connected to each other, in the switch
circuit 20 (second connection state). Furthermore, the ter-
minal 50a and the terminal 504 are connected to each other,
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and the terminal 505 and the terminal 50c¢ are connected to
each other, in the switch circuit 50.

[0321] Furthermore, by the control unit, the common
terminal 63a and the selection terminal 634 are connected to
each other in the switch circuit 63, and the common terminal
64a and the selection terminal 64d are connected to each
other in the switch circuit 64.

[0322] In this connection state, in the mode 1, a transmis-
sion signal in Band 3 is transmitted through the output
terminal 3a, the switch circuit 50, the transmission amplifier
46, the switch circuit 64, the second multiplexer, the switch
circuit 72, the switch circuit 20, and the primary antenna 15,
and a transmission signal in Band 1 is transmitted through
the output terminal 35, the switch circuit 50, the transmis-
sion amplifier 45, the switch circuit 63, the first multiplexer,
the switch circuit 71, the switch circuit 20, and the secondary
antenna 16. Furthermore, a reception signal in Band 3 is
received by the RFIC 3 through the primary antenna 15, the
switch circuit 20, the switch circuit 72, and the second
multiplexer, and a reception signal in Band 1 is received by
the RFIC 3 through the secondary antenna 16, the switch
circuit 20, the switch circuit 71, and the first multiplexer.
[0323] FIG. 12C is a circuit state diagram in a case of
one-uplink two-downlink of the high-frequency front end
module 2E according to Embodiment 3. This diagram illus-
trates a circuit connection state in a case of one-uplink of
Band 66 and two-downlink of Band 66 and Band 25 (mode
2: one-uplink two-downlink).

[0324] In the mode 2, as illustrated in FIG. 12C, by the
control unit, the terminal 20a and the terminal 20c¢ are
connected to each other in the switch circuit 20 (third
connection state). Furthermore, the terminal 50a and the
terminal 50¢ are connected to each other in the switch circuit
50.

[0325] Furthermore, by the control unit, the common
terminal 63a and the selection terminal 63¢ are connected to
each other in the switch circuit 63.

[0326] In this connection state, in the mode 2, a transmis-
sion signal in Band 66 is transmitted through the output
terminal 3a, the switch circuit 50, the transmission amplifier
45, the switch circuit 63, the first multiplexer, the switch
circuit 71, the switch circuit 20, and the primary antenna 15,
and reception signals in Band 66 and Band 25 are received
by the RFIC 3 through the primary antenna 15, the switch
circuit 20, the switch circuit 71, and the first multiplexer.
[0327] Note that in the above-described connection form,
the case of one-uplink two-downlink by passing through the
output terminal 3a and the primary antenna 15 has been
described as an example, but one-uplink two-downlink by
passing through the output terminal 35 and the secondary
antenna 16 is also possible.

[0328] Alternatively, in the mode 2, one-uplink of Band 25
and two-downlink of Band 66 and Band 25 (mode 2:
one-uplink two-downlink) can be performed. That is, by the
control unit, the terminal 205 and the terminal 20c¢ are
connected to each other in the switch circuit 20 (fifth
connection state). Furthermore, the terminal 50a and the
terminal 504 are connected to each other in the switch circuit
50.

[0329] Furthermore, by the control unit, the common
terminal 64a and the selection terminal 64¢ are connected to
each other in the switch circuit 64.

[0330] In this connection state, in the mode 2, a transmis-
sion signal in Band 25 is transmitted through the output
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terminal 3a, the switch circuit 50, the transmission amplifier
46, the switch circuit 64, the second multiplexer, the switch
circuit 72, the switch circuit 20, and the primary antenna 15,
and reception signals in Band 66 and Band 25 are received
by the RFIC 3 through the primary antenna 15, the switch
circuit 20, the switch circuit 72, and the second multiplexer.
[0331] Note that in both the above-described two types of
connection forms, the case of one-uplink two-downlink by
passing through the output terminal 3¢ and the primary
antenna 15 has been described as an example, but one-uplink
two-downlink by passing through the output terminal 35 and
the secondary antenna 16 is also possible.

[0332] Furthermore, although not illustrated in FIG. 12C,
a circuit connection state in a case of one-uplink of Band 3
and two-downlink of Band 1 and Band 3 (mode 2: one-
uplink two-downlink) is as follows.

[0333] That is, by the control unit, the terminal 20a and the
terminal 20c are connected to each other in the switch circuit
20 (third connection state). Furthermore, the terminal 50a
and the terminal 50c¢ are connected to each other in the
switch circuit 50.

[0334] Furthermore, by the control unit, the common
terminal 63a and the selection terminal 634 are connected to
each other in the switch circuit 63.

[0335] In this connection state, in the mode 2, a transmis-
sion signal in Band 3 is transmitted through the output
terminal 3a, the switch circuit 50, the transmission amplifier
45, the switch circuit 63, the first multiplexer, the switch
circuit 71, the switch circuit 20, and the primary antenna 15,
and reception signals in Band 1 and Band 3 are received by
the RFIC 3 through the primary antenna 15, the switch
circuit 20, the switch circuit 71, and the first multiplexer.
[0336] Alternatively, in the mode 2, one-uplink of Band 1
and two-downlink of Band 1 and Band 3 (mode 2: one-
uplink two-downlink) can be performed. That is, by the
control unit, the terminal 205 and the terminal 20c¢ are
connected to each other in the switch circuit 20 (fifth
connection state). Furthermore, the terminal 50a and the
terminal 504 are connected to each other in the switch circuit
50.

[0337] Furthermore, by the control unit, the common
terminal 64a and the selection terminal 644 are connected to
each other in the switch circuit 64.

[0338] In this connection state, in the mode 2, a transmis-
sion signal in Band 1 is transmitted through the output
terminal 3a, the switch circuit 50, the transmission amplifier
46, the switch circuit 64, the second multiplexer, the switch
circuit 72, the switch circuit 20, and the primary antenna 15,
and reception signals in Band 1 and Band 3 are received by
the RFIC 3 through the primary antenna 15, the switch
circuit 20, the switch circuit 72, and the second multiplexer.
[0339] Note that in both the above-described two types of
connection forms, the case of one-uplink two-downlink by
passing through the output terminal 3¢ and the primary
antenna 15 has been described as an example, but one-uplink
two-downlink by passing through the output terminal 35 and
the secondary antenna 16 is also possible.

3.3 Comparison of High-Frequency Front End Modules
According to Embodiment 3 and Comparative Example 3

[0340] FIG. 13 is a circuit configuration diagram of a
high-frequency front end module 504 according to Com-
parative Example 3. Note that the diagram also illustrates the
RFIC 3 connected to the high-frequency front end module
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504 according to Comparative Example 3. As illustrated in
the diagram, the high-frequency front end module 504
includes a primary circuit 504a and a secondary circuit
5045. The primary circuit 504a includes the primary antenna
15, switch circuits 565 and 71, the transmission filters 31T1,
32T1, 33T1, and 34T1, the reception filters 31R1, 32R1,
33R1, and 34R1, and the transmission amplifier 45. The
transmission filters 31T1, 32T1, 33T1, and 34T1 and the
reception filters 31R1, 32R1, 33R1, and 34R1 constitute a
first multiplexer. The secondary circuit 5044 includes the
secondary antenna 16, switch circuits 566 and 72, transmis-
sion filters 31T2, 3272, 33T2, and 34712, the reception filters
31R2, 32R2, 33R2, and 34R2, and the transmission ampli-
fier 46. The transmission filters 3112, 3212, 3312, and 3412
and the reception filters 31R2, 32R2, 33R2, and 34R2
constitute a second multiplexer. The high-frequency front
end module 504 according to Comparative Example 3 is
different from the high-frequency front end module 2E
according to Embodiment 3 in the configurations of the first
multiplexer, the second multiplexer, and the switch circuit.
Hereinafter, the high-frequency front end module 504
according to Comparative Example 3 will be described
focusing on the differences from the high-frequency front
end module 2E according to Embodiment 3.

[0341] The switch circuit 565 is an SP4T (Single Pole 4
Throw) type switch circuit having a common terminal and
four selection terminals. The common terminal is connected
to the output terminal of the transmission amplifier 45. The
switch circuit 566 is an SP4T type switch circuit having a
common terminal and four selection terminals. The common
terminal is connected to the output terminal of the transmis-
sion amplifier 46.

[0342] The switch circuit 71 is an SPDT type switch
circuit having the common terminal 71¢ and the selection
terminals 71a and 715. The common terminal 71¢ is con-
nected to the primary antenna 15. The switch circuit 72 is an
SPDT type switch circuit having the common terminal 72¢
and the selection terminals 72a and 72b. The common
terminal 72¢ is connected to the secondary antenna 16.
[0343] The transmission filter 31T1 is a transmission filter
whose input terminal is connected to the selection terminal
of'the switch circuit 565, whose output terminal is connected
to the selection terminal 71a, and which takes B66-Tx as a
pass band. The transmission filter 32T1 is a transmission
filter whose input terminal is connected to the selection
terminal of the switch circuit 565, whose output terminal is
connected to the selection terminal 71a, and which takes
B25-Tx as a pass band. The transmission filter 33T1 is a
transmission filter whose input terminal is connected to the
selection terminal of the switch circuit 565, whose output
terminal is connected to the selection terminal 7154, and
which takes B1-Tx as a pass band. The transmission filter
34T1 is a transmission filter whose input terminal is con-
nected to the selection terminal of the switch circuit 565,
whose output terminal is connected to the selection terminal
71b, and which takes B3-Tx as a pass band.

[0344] The reception filter 31R1 is a reception filter whose
input terminal is connected to the selection terminal 71a, and
which takes B66-Rx as a pass band. The reception filter
32R1 is a reception filter whose input terminal is connected
to the selection terminal 71a, and which takes B25-Rx as a
pass band. The reception filter 33R1 is a reception filter
whose input terminal is connected to the selection terminal
71b, and which takes B1-Rx as a pass band. The reception
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filter 34R1 is a reception filter whose input terminal is
connected to the selection terminal 715, and which takes
B3-Rx as a pass band.

[0345] The transmission filter 31T2 is a transmission filter
whose input terminal is connected to the selection terminal
of'the switch circuit 566, whose output terminal is connected
to the selection terminal 72a, and which takes B66-Tx as a
pass band. The transmission filter 32T2 is a transmission
filter whose input terminal is connected to the selection
terminal of the switch circuit 566, whose output terminal is
connected to the selection terminal 72a, and which takes
B25-Tx as a pass band. The transmission filter 33T2 is a
transmission filter whose input terminal is connected to the
selection terminal of the switch circuit 566, whose output
terminal is connected to the selection terminal 7254, and
which takes B1-Tx as a pass band. The transmission filter
3472 is a transmission filter whose input terminal is con-
nected to the selection terminal of the switch circuit 566,
whose output terminal is connected to the selection terminal
72b, and which takes B3-Tx as a pass band.

[0346] The reception filter 31R2 is a reception filter whose
input terminal is connected to the selection terminal 724, and
which takes B66-Rx as a pass band. The reception filter
32R2 is a reception filter whose input terminal is connected
to the selection terminal 72a, and which takes B25-Rx as a
pass band. The reception filter 33R2 is a reception filter
whose input terminal is connected to the selection terminal
72b, and which takes B1-Rx as a pass band. The reception
filter 34R2 is a reception filter whose input terminal is
connected to the selection terminal 724, and which takes
B3-Rx as a pass band.

[0347] According to the configuration described above,
the high-frequency front end module 504 can execute (1)
two-uplink in which a transmission signal in B66-Tx
included in Band 66 and a transmission signal in B25-Tx
included in Band 25 are simultaneously transmitted, (2)
two-downlink in which a reception signal in B66-Rx
included in Band 66 and a reception signal in B25-Rx
included in Band 25 are simultaneously received, (3) two-
uplink in which a transmission signal in B1-Tx included in
Band 1 and a transmission signal in B3-Tx included in Band
3 are simultaneously transmitted, and (4) two-downlink in
which a reception signal in B1-Rx included in Band 1 and
a reception signal in B3-Rx included in Band 3 are simul-
taneously received.

[0348] In the high-frequency front end module 504
according to Comparative Example 3, in order to ensure
signal quality such as isolation and the like of high-fre-
quency signals in Band 66 and Band 25 simultaneously
transmitted/received, and signal quality such as isolation and
the like of high-frequency signals in Band 1 and Band 3
simultaneously transmitted/received, two antenna elements,
such as the primary antenna 15 which is preferentially used
and the secondary antenna 16 which is secondarily used, are
disposed. In this case, because of necessity of making it
possible to transmit/receive each of the high-frequency
signals in Band 66, Band 25, Band 1, and Band 3 even by
any of the antennas, transmission paths and reception paths
of all bands are connected to the primary antenna 15, and
transmission paths and reception paths of all bands are
connected and disposed also to the secondary antenna 16. A
filter for selectively allowing a desired frequency band to
pass therethrough is arranged in each signal path, and in the
configuration of the high-frequency front end module 504
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according to Comparative Example 3, it is necessary to
connect eight filters to the primary antenna 15, and to
similarly connect eight filters to the secondary antenna 16.
That is, in the front end module to which the primary
antenna 15 and the secondary antenna 16 are applied, in
order to achieve two-uplink two-downlink of two arbitrary
frequency bands among Band 66, Band 25, Band 1, and
Band 3, a total of 16 filters are required, and the circuit is
enlarged.

[0349] In contrast, according to the high-frequency front
end module 2E according to the present embodiment, it is
possible to arbitrarily distribute high-frequency signals in
Band 66, Band 25, Band 1, and Band 3 to the primary
antenna 15 and the secondary antenna 16 by switching the
connection state of the switch circuit 20, and execute CA of
two-uplink two-downlink. Therefore, in the first multiplexer
connected to one of the antennas, for example, the trans-
mission filter of Band 25 and the transmission filter of Band
1 can be reduced. In the same manner, in the second
multiplexer connected to the other of the antennas, for
example, the transmission filter of Band 66 and the trans-
mission filter of Band 3 can be reduced. That is, four or more
filters can be reduced as compared with the configuration of
the high-frequency front end module 504 according to
Comparative Example 3.

[0350] Inthe configuration of the high-frequency front end
module 2E according to the present embodiment, in com-
parison with the high-frequency front end module 504
according to Comparative Example 3, the one switch circuit
20 of the two-input two-output type is added, but the switch
circuit 20 is sufficiently smaller than the transmission filter
and the reception filter. Accordingly, it is possible to provide
the high-frequency front end module 2E which is reduced in
size and in which CA of two-uplink two-downlink can be
performed.

3.4 Configurations of High-Frequency Front End Module 2F
and Communication Device 1F According to Modification 1

[0351] FIG. 14 is a circuit configuration diagram of a
communication device 1F according to Modification 1 of
Embodiment 3. As illustrated in the diagram, the commu-
nication device 1F includes a high-frequency front end
module 2F, the RFIC 3, and the BBIC 4. The communication
device 1F according to the present modification differs from
the communication device 1E according to Embodiment 3 in
the configuration of the high-frequency front end module.
Hereinafter, the communication device 1F according to the
present modification will be described focusing on the
differences from the communication device 1E according to
Embodiment 3.

[0352] As illustrated in FIG. 14, the high-frequency front
end module 2F includes the primary antenna 15 and the
secondary antenna 16, switch circuits 20, 50, 65, 66, and 72,
transmission filters 37T1, 31T2, 32T2, 3312, and 34712,
reception filters 36R1, 34R1, 32R1, 31R2, 32R2, 33R2, and
34R2, and transmission amplifiers 47 and 48.

[0353] Note that in the communication device 1F accord-
ing to the present modification, in frequency band allocation,
a relationship in which the transmission band of Band 3
includes the transmission band of Band 66 is established,
and a relationship in which the reception band of Band 66
includes the reception band of Band 1 is established. In the
four frequency bands, there is no other overlapping and
inclusion relationship.
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[0354] According to the configuration described above,
the high-frequency front end module 2F can execute (1)
two-uplink in which a transmission signal in B66-Tx
included in Band 66 and a transmission signal in B25-Tx
included in Band 25 are simultaneously transmitted, (2)
two-downlink in which a reception signal in B66-Rx
included in Band 66 and a reception signal in B25-Rx
included in Band 25 are simultaneously received, (3) two-
uplink in which a transmission signal in B1-Tx included in
Band 1 and a transmission signal in B3-Tx included in Band
3 are simultaneously transmitted, and (4) two-downlink in
which a reception signal in B1-Rx included in Band 1 and
a reception signal in B3-Rx included in Band 3 are simul-
taneously received. Note that two-uplink of Band 66 and
Band 3 is not executed, and two-uplink of Band 66 and Band
1 is not executed.

[0355] The high-frequency front end module 2F according
to the present modification is different from the high-
frequency front end module 2E according to Embodiment 3
in the configurations of the first multiplexer, the second
multiplexer, and the switch circuit. Hereinafter, the high-
frequency front end module 2F according to the present
modification will be described focusing on the differences
from the high-frequency front end module 2E according to
Embodiment 3.

[0356] The switch circuit 65 is an SP3T type switch circuit
having a common terminal 654 and selection terminals 65c¢,
65d, and 65e. The common terminal 654 is connected to an
output terminal of the transmission amplifier 47. The switch
circuit 66 is an SPDT type switch circuit having a common
terminal 66a and selection terminals 66¢c and 66d4. The
common terminal 66a is connected to an output terminal of
the transmission amplifier 48.

[0357] The switch circuit 72 is an SPDT type switch
circuit having the common terminal 72¢ and the selection
terminals 72a and 72b. The common terminal 72¢ is con-
nected to the terminal 205 of the switch circuit 20.

[0358] The transmission filter 37T1 is a first transmission
filter whose input terminal is connected to the selection
terminal 65¢, whose output terminal is connected to the
terminal 20qa, and which takes, as a pass band, B3-Tx which
includes B66-Tx.

[0359] The reception filter 36R1 is a first reception filter
whose input terminal is connected to the terminal 20a, and
which takes, as a pass band, B66-Rx which includes B1-Rx.

[0360] The reception filter 34R1 is a seventh reception
filter whose input terminal is connected to the terminal 20a,
and which takes B3-Rx as a pass band.

[0361] The reception filter 32R1 is a fourth reception filter
whose input terminal is connected to the terminal 20a, and
which takes B25-Rx as a pass band.

[0362] The transmission filter 31T2 is a transmission filter
whose input terminal is connected to the selection terminal
65d, whose output terminal is connected to the selection
terminal 72a, and which takes B66-Tx as a pass band.

[0363] The transmission filter 32T2 is a second transmis-
sion filter whose input terminal is connected to the selection
terminal 66¢, whose output terminal is connected to the
selection terminal 72a, and which takes B25-Tx as a pass
band.

[0364] The transmission filter 33T2 is a sixth transmission
filter whose input terminal is connected to the selection
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terminal 66d, whose output terminal is connected to the
selection terminal 726, and which takes B1-Tx as a pass
band.

[0365] The transmission filter 3412 is an eighth transmis-
sion filter whose input terminal is connected to the selection
terminal 65e¢, whose output terminal is connected to the
selection terminal 726, and which takes B3-Tx as a pass
band.

[0366] The reception filter 31R2 is a third reception filter
whose input terminal is connected to the selection terminal
72a, and which takes B66-Rx as a pass band.

[0367] The reception filter 32R2 is a second reception
filter whose input terminal is connected to the selection
terminal 72a, and which takes B25-Rx as a pass band.
[0368] The reception filter 33R2 is a sixth reception filter
whose input terminal is connected to the selection terminal
72b, and which takes B1-Rx as a pass band.

[0369] The reception filter 34R2 is an eighth reception
filter whose input terminal is connected to the selection
terminal 72b, and which takes B3-Rx as a pass band.
[0370] The transmission filters 37T1 and 31T2 and the
reception filters 36R1, 34R1, and 32R1 constitute a first
multiplexer that can selectively transmit high-frequency
signals in Band 3 and Band 66 and receive high-frequency
signals in Band 66, Band 25, Band 1, and Band 3. Note that
the first multiplexer does not have a transmission filter
which takes B25-Tx as a pass band and a transmission filter
which takes B1-Tx as a pass band. Furthermore, a transmis-
sion filter which takes B3-Tx as a pass band and a trans-
mission filter which takes B66-Tx as a pass band are made
as one transmission filter, and a reception filter which takes
B1-Rx as a pass band and a reception filter which takes
B66-Rx as a pass band are made as one reception filter.
[0371] The transmission filters 3212, 33T2, and 3412 and
the reception filters 31R2, 32R2, 33R2, and 34R2 constitute
a second multiplexer that can selectively transmit high-
frequency signals in Band 25, Band 1, and Band 3 and
receive high-frequency signals in Band 66, Band 25, Band
1, and Band 3. Note that the transmission filters 31T2 and
32712 and the reception filters 31R2 and 32R2 constitute a
first quadplexer of Band 66 and Band 25, and the transmis-
sion filters 33 T2 and 34712 and the reception filters 33R2 and
34R2 constitute a second quadplexer of Band 1 and Band 3.
[0372] According to the configuration described above,
the high-frequency front end module 2F can execute (1)
two-uplink in which a transmission signal in the first trans-
mission band (B66-Tx) included in the first frequency band
(Band 66) and a transmission signal in the second transmis-
sion band (B25-Tx) included in the second frequency band
(Band 25) are simultaneously transmitted, (2) two-downlink
in which a reception signal in the first reception band
(B66-Rx) included in the first frequency band (Band 66) and
a reception signal in the second reception band (B25-Rx)
included in the second frequency band (Band 25) are simul-
taneously received, (3) two-uplink in which a transmission
signal in B1-Tx included in Band 1 and a transmission signal
in B3-Tx included in Band 3 are simultaneously transmitted,
and (4) two-downlink in which a reception signal in B1-Rx
included in Band 1 and a reception signal in B3-Rx included
in Band 3 are simultaneously received.

[0373] The high-frequency front end module 2F described
above includes the primary antenna 15 and the secondary
antenna 16, the switch circuits 20, 65, 66, and 72, the first
multiplexer, and the second multiplexer described above,
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thereby making it possible to arbitrarily distribute high-
frequency signals in Band 66, Band 25, Band 1, and Band
3 to the primary antenna 15 and the secondary antenna 16 by
switching the connection state of the switch circuits 20, 65,
66, and 72, and execute two-uplink two-downlink of Band
66 and Band 25, and two-uplink two-downlink of Band 1
and Band 3. Here, the first multiplexer does not have a
transmission filter of Band 25 and a transmission filter of
Band 1. Furthermore, instead of individually having the
transmission filter of Band 66, the transmission filter of
Band 3 and the transmission filter of Band 66 are made as
one transmission filter, and the reception filter of Band 1 and
the reception filter of Band 66 are made as one reception
filter. Furthermore, the second multiplexer does not have a
transmission filter of Band 66. Therefore, four filters can be
reduced as compared with the configuration of the high-
frequency front end module 504 according to Comparative
Example 3. Accordingly, in comparison with the high-
frequency front end module 504 according to Comparative
Example 3, it is possible to provide the high-frequency front
end module 2F which is reduced in size and in which CA of
two-uplink two-downlink in four bands including three
bands in the overlapping relationship can be performed.

[0374] Note that in the high-frequency front end module
2F according to the present modification, the first
quadplexer and the second quadplexer, the switch circuits
65, 66, 72, 20, and 50, and the transmission amplifiers 47
and 48 constitute a front end module 100A supporting
multi-band of Band 66, Band 25, Band 1, and Band 3. The
front end module 100A is a basic circuit capable of selecting
one band among the above-described four bands by switch-
ing the switch circuits 65, 66, and 72.

[0375] The high-frequency front end module 2F according
to the present modification is capable of supporting two-
uplink two-downlink of Band 66 and Band 25 and two-
uplink two-downlink of Band 1 and Band 3 by adding a
multiplexer 100B constituted by the transmission filter 37T1
and the reception filters 36R1, 34R1, and 32R1 to the basic
front end module 100A described above.

3.5 Connection State of High-Frequency Front End Module
2F According to Modification 1

[0376] FIG. 15A is a circuit state diagram in a case of
two-uplink two-downlink of the high-frequency front end
module 2F according to Modification 1 of Embodiment 3.
This diagram illustrates a circuit connection state in a case
of two-uplink of Band 66 and Band 25 and two-downlink of
Band 66 and Band 25 (mode 1: two-uplink two-downlink).

[0377] In the mode 1, as illustrated in FIG. 15A, by the
control unit, the terminal 20a and the terminal 20c¢ are
connected to each other, and the terminal 205 and the
terminal 20d are connected to each other, in the switch
circuit 20 (first connection state). Furthermore, the terminal
50a and the terminal 50c¢ are connected to each other, and the
terminal 504 and the terminal 50d are connected to each
other, in the switch circuit 50.

[0378] Furthermore, by the control unit, the common
terminal 65a and the selection terminal 65¢ are connected to
each other in the switch circuit 65, the common terminal 66a
and the selection terminal 66¢ are connected to each other in
the switch circuit 66, and the common terminal 72¢ and the
selection terminal 72a are connected to each other in the
switch circuit 72.
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[0379] In this connection state, in the mode 1, a transmis-
sion signal in Band 66 is transmitted through the output
terminal 3a, the switch circuit 50, the transmission amplifier
47, the switch circuit 65, the first multiplexer, the switch
circuit 20, and the primary antenna 15, and a transmission
signal in Band 25 is transmitted through the output terminal
35, the switch circuit 50, the transmission amplifier 48, the
switch circuit 66, the second multiplexer, the switch circuit
72, the switch circuit 20, and the secondary antenna 16.
Furthermore, a reception signal in Band 66 is received by the
RFIC 3 through the primary antenna 15, the switch circuit
20, and the first multiplexer, and a reception signal in Band
25 is received by the RFIC 3 through the secondary antenna
16, the switch circuit 20, the switch circuit 72, and the
second multiplexer.

[0380] Alternatively, in the mode 1, as illustrated in FIG.
15A, by the control unit, the terminal 20a and the terminal
20d are connected to each other, and the terminal 205 and
the terminal 20c¢ are connected to each other, in the switch
circuit 20 (second connection state). Furthermore, the ter-
minal 50a and the terminal 504 are connected to each other,
and the terminal 505 and the terminal 50¢ are connected to
each other, in the switch circuit 50.

[0381] Furthermore, by the control unit, the common
terminal 65a and the selection terminal 65¢ are connected to
each other in the switch circuit 65, the common terminal 66a
and the selection terminal 66¢ are connected to each other in
the switch circuit 66, and the common terminal 72¢ and the
selection terminal 72a are connected to each other in the
switch circuit 72.

[0382] In this connection state, in the mode 1, a transmis-
sion signal in Band 25 is transmitted through the output
terminal 3a, the switch circuit 50, the transmission amplifier
48, the switch circuit 66, the second multiplexer, the switch
circuit 72, the switch circuit 20, and the primary antenna 15,
and a transmission signal in Band 66 is transmitted through
the output terminal 35, the switch circuit 50, the transmis-
sion amplifier 47, the switch circuit 65, the first multiplexer,
the switch circuit 20, and the secondary antenna 16. Fur-
thermore, a reception signal in Band 25 is received by the
RFIC 3 through the primary antenna 15, the switch circuit
20, the switch circuit 72, and the second multiplexer, and a
reception signal in Band 66 is received by the RFIC 3
through the secondary antenna 16, the switch circuit 20, and
the first multiplexer.

[0383] FIG. 15B is a circuit state diagram in a case of
two-uplink two-downlink of the high-frequency front end
module 2F according to Modification 1 of Embodiment 3.
This diagram illustrates a circuit connection state in a case
of two-uplink of Band 1 and Band 3 and two-downlink of
Band 1 and Band 3 (mode 1: two-uplink two-downlink).

[0384] In the mode 1, as illustrated in FIG. 15B, by the
control unit, the terminal 20a and the terminal 20c¢ are
connected to each other, and the terminal 205 and the
terminal 204 are connected to each other, in the switch
circuit 20 (first connection state). Furthermore, the terminal
50a and the terminal 50c¢ are connected to each other, and the
terminal 5056 and the terminal 50d are connected to each
other, in the switch circuit 50.

[0385] Furthermore, by the control unit, the common
terminal 65a and the selection terminal 65¢ are connected to
each other in the switch circuit 65, the common terminal 66a
and the selection terminal 664 are connected to each other in
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the switch circuit 66, and the common terminal 72¢ and the
selection terminal 726 are connected to each other in the
switch circuit 72.

[0386] In this connection state, in the mode 1, a transmis-
sion signal in Band 3 is transmitted through the output
terminal 3a, the switch circuit 50, the transmission amplifier
47, the switch circuit 65, the first multiplexer, the switch
circuit 20, and the primary antenna 15, and a transmission
signal in Band 1 is transmitted through the output terminal
35, the switch circuit 50, the transmission amplifier 48, the
switch circuit 66, the second multiplexer, the switch circuit
72, the switch circuit 20, and the secondary antenna 16.
Furthermore, a reception signal in Band 3 is received by the
RFIC 3 through the primary antenna 15, the switch circuit
20, and the first multiplexer, and a reception signal in Band
1 is received by the RFIC 3 through the secondary antenna
16, the switch circuit 20, the switch circuit 72, and the
second multiplexer.

[0387] Alternatively, in the mode 1, as illustrated in FIG.
15B, by the control unit, the terminal 20a¢ and the terminal
20d are connected to each other, and the terminal 205 and
the terminal 20c¢ are connected to each other, in the switch
circuit 20 (second connection state). Furthermore, the ter-
minal 50a and the terminal 504 are connected to each other,
and the terminal 505 and the terminal 50c¢ are connected to
each other, in the switch circuit 50.

[0388] Furthermore, by the control unit, the common
terminal 654 and the selection terminal 65¢ are connected to
each other in the switch circuit 65, the common terminal 66a
and the selection terminal 664 are connected to each other in
the switch circuit 66, and the common terminal 72¢ and the
selection terminal 726 are connected to each other in the
switch circuit 72.

[0389] In this connection state, in the mode 1, a transmis-
sion signal in Band 1 is transmitted through the output
terminal 3a, the switch circuit 50, the transmission amplifier
48, the switch circuit 66, the second multiplexer, the switch
circuit 72, the switch circuit 20, and the primary antenna 15,
and a transmission signal in Band 3 is transmitted through
the output terminal 35, the switch circuit 50, the transmis-
sion amplifier 47, the switch circuit 65, the first multiplexer,
the switch circuit 20, and the secondary antenna 16. Fur-
thermore, a reception signal in Band 1 is received by the
RFIC 3 through the primary antenna 15, the switch circuit
20, the switch circuit 72, and the second multiplexer, and a
reception signal in Band 3 is received by the RFIC 3 through
the secondary antenna 16, the switch circuit 20, and the first
multiplexer.

[0390] That is, in the high-frequency front end module 2F
according to Modification 1, in addition to the fact that (1)
two-uplink two-downlink of a high-frequency signal in the
first frequency band (Band 66) and a high-frequency signal
in the second frequency band (Band 25) can be executed, it
is possible to execute two-uplink two-downlink of a high-
frequency signal in Band 1 and a high-frequency signal in
Band 3.

[0391] Furthermore, the high-frequency front end module
2F according to the present modification is applied also to
the one-uplink two-downlink, in the same manner as the
high-frequency front end module 2E according to Embodi-
ment 3. That is, by switching the switch circuits 20, 50, 65,
66, and 72, it is possible to achieve (1) one-uplink of Band
66 and two-downlink of Band 66 and Band 25, (2) one-
uplink of Band 25 and two-downlink of Band 66 and Band
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25, (3) one-uplink of Band 1 and two-downlink of Band 1
and Band 3, and (4) one-uplink of Band 3 and two-downlink
of Band 1 and Band (mode 2: one-uplink two-downlink).

3.6 Configurations of High-Frequency Front End Module
2G and Communication Device 1G According to
Modification 2

[0392] FIG. 16 is a circuit configuration diagram of a
communication device 1G according to Modification 2 of
Embodiment 3. As illustrated in the diagram, the commu-
nication device 1G includes a high-frequency front end
module 2G, the RFIC 3, and the BBIC 4. The communica-
tion device 1G according to the present modification differs
from the communication device 1F according to Modifica-
tion 1 of Embodiment 3 in the configuration of the high-
frequency front end module. Hereinafter, the communica-
tion device 1G according to the present modification will be
described focusing on the differences from the communica-
tion device 1F according to Modification 1 of Embodiment
3.

[0393] As illustrated in FIG. 16, the high-frequency front
end module 2G includes the primary antenna 15 and the
secondary antenna 16, the switch circuits 20, 50, 66, and 72,
the transmission filters 3711, 32T2, and 33T2, the reception
filters 36R1, 34R1, 32R1, 31R2, 32R2, 33R2, and 34R2, and
the transmission amplifiers 47 and 48.

[0394] Note that in the communication device 1G accord-
ing to the present modification, in frequency band allocation,
a relationship in which the transmission band of Band 3
includes the transmission band of Band 66 is established,
and a relationship in which the reception band of Band 66
includes the reception band of Band 1 is established. In the
four frequency bands, there is no other overlapping and
inclusion relationship.

[0395] According to the configuration described above,
the high-frequency front end module 2G can execute (1)
two-uplink in which a transmission signal in the first trans-
mission band (B66-Tx) included in the first frequency band
(Band 66) and a transmission signal in the second transmis-
sion band (B25-Tx) included in the second frequency band
(Band 25) are simultaneously transmitted, and (2) two-
downlink in which a reception signal in the first reception
band (B66-Rx) included in the first frequency band (Band
66) and a reception signal in the second reception band
(B25-Rx) included in the second frequency band (Band 25)
are simultaneously received. Furthermore, Band 1 may be
taken as the first frequency band, and Band 3 may be taken
as the second frequency band, it is possible to execute (3)
two-uplink in which a transmission signal in the first trans-
mission band (B1-Tx) included in the first frequency band
(Band 1) and a transmission signal in the second transmis-
sion band (B3-Tx) included in the second frequency band
(Band 3) are simultaneously transmitted, and (4) two-down-
link in which a reception signal in the first reception band
(B1-Rx) included in the first frequency band (Band 1) and a
reception signal in the second reception band (B3-Rx)
included in the second frequency band (Band 3) are simul-
taneously received. Note that two-uplink of Band 66 and
Band 3 is not executed, and two-downlink of Band 66 and
Band 1 is not executed.

[0396] The high-frequency front end module 2G accord-
ing to the present modification is different from the high-
frequency front end module 2F according to Modification 1
of Embodiment 3 in the configuration of the second multi-
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plexer and in a point that the switch circuit 65 is removed.
Hereinafter, the high-frequency front end module 2G
according to the present modification will be described
focusing on the differences from the high-frequency front
end module 2F according to Modification 1 of Embodiment
3.

[0397] The transmission filter 37T1 is a transmission filter
whose input terminal is connected to the transmission ampli-
fier 47, whose output terminal is connected to the terminal
20a, and which takes, as a pass band, B3-Tx which includes
B66-Tx.

[0398] The transmission filter 3711 and the reception
filters 36R1, 34R1, and 32R1 constitute a first multiplexer
that can selectively transmit high-frequency signals in Band
3 and Band 66 and receive high-frequency signals in Band
66, Band 25, Band 1, and Band 3. Note that the first
multiplexer does not have a transmission filter which takes
B25-Tx as a pass band and a transmission filter which takes
B1-Tx as a pass band. Furthermore, a transmission filter
which takes B3-Tx as a pass band and a transmission filter
which takes B66-Tx as a pass band are made as one
transmission filter, and a reception filter which takes B1-Rx
as a pass band and a reception filter which takes B66-Rx as
a pass band are made as one reception filter.

[0399] The transmission filters 32T2 and 33T2 and the
reception filters 31R2, 32R2, 33R2, and 34R2 constitute a
second multiplexer that can selectively transmit high-fre-
quency signals in Band 1 and Band 25 and receive high-
frequency signals in Band 66, Band 25, Band 1, and Band
3. Note that the second multiplexer does not have a trans-
mission filter which takes B66-Tx as a pass band and a
transmission filter which takes B3-Tx as a pass band.
[0400] Therefore, six filters can be reduced as compared
with the configuration of the high-frequency front end
module 504 according to Comparative Example 3.

[0401] The high-frequency front end module 2G accord-
ing to the present modification has a configuration in which
simplification and miniaturization of the circuit is prioritized
without ensuring the basic function of the front end module
100A as compared with the high-frequency front end mod-
ule 2F according to Modification 1. Accordingly, in com-
parison with the high-frequency front end module 504
according to Comparative Example 3 and the high-fre-
quency front end module 2F according to Modification 1 of
Embodiment 3, it is possible to provide the high-frequency
front end module 2G which is reduced in size and in which
CA of two-uplink two-downlink in four bands including
three bands in an overlapping relationship can be performed.

3.7 Connection State of High-Frequency Front End Module
2G According to Modification 2

[0402] FIG. 17A is a circuit state diagram in a case of
one-uplink two-downlink of the high-frequency front end
module 2G according to Modification 2 of Embodiment 3.
This diagram illustrates a circuit connection state in a case
of one-uplink of Band 1 and two-downlink of Band 1 and
Band 3 (mode 2: one-uplink two-downlink).

[0403] In the mode 2, as illustrated in FIG. 17A, by the
control unit, the terminal 205 and the terminal 20c¢ are
connected to each other in the switch circuit 20 (fifth
connection state). Furthermore, the terminal 50a and the
terminal 504 are connected to each other in the switch circuit
50.
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[0404] Furthermore, by the control unit, the common
terminal 664 and the selection terminal 664 are connected to
each other in the switch circuit 66, and the common terminal
72¢ and the selection terminal 726 are connected to each
other in the switch circuit 72.

[0405] In this connection state, in the mode 2, a transmis-
sion signal in Band 1 is transmitted through the output
terminal 3a, the switch circuit 50, the transmission amplifier
48, the switch circuit 66, the second multiplexer, the switch
circuit 72, the switch circuit 20, and the primary antenna 15,
and reception signals in Band 1 and Band 3 are received by
the RFIC 3 through the primary antenna 15, the switch
circuit 20, the switch circuit 72, and the second multiplexer.
[0406] Note that in the above-described connection form,
the case of one-uplink two-downlink by passing through the
output terminal 3a and the primary antenna 15 has been
described as an example, but one-uplink two-downlink by
passing through the output terminal 35 and the secondary
antenna 16 is also possible.

[0407] FIG. 17B is a circuit state diagram in a case of
one-uplink two-downlink of the high-frequency front end
module 2G according to Modification 2 of Embodiment 3.
This diagram illustrates a circuit connection state in a case
of one-uplink of Band 3 and two-downlink of Band 1 and
Band 3 (mode 2: one-uplink two-downlink).

[0408] In the mode 2, as illustrated in FIG. 17B, by the
control unit, the terminal 20a and the terminal 20c¢ are
connected to each other in the switch circuit 20 (third
connection state). Furthermore, the terminal 50a and the
terminal 50¢ are connected to each other in the switch circuit
50.

[0409] In this connection state, in the mode 2, a transmis-
sion signal in Band 3 is transmitted through the output
terminal 3a, the switch circuit 50, the transmission amplifier
47, the first multiplexer, the switch circuit 20, and the
primary antenna 15, and reception signals in Band 1 and
Band 3 are received by the RFIC 3 through the primary
antenna 15, the switch circuit 20, and the first multiplexer.
[0410] Note that in the above-described connection form,
the case of one-uplink two-downlink by passing through the
output terminal 3a and the primary antenna 15 has been
described as an example, but one-uplink two-downlink by
passing through the output terminal 35 and the secondary
antenna 16 is also possible.

[0411] FIG. 17C is a circuit state diagram in a case of
one-uplink two-downlink of the high-frequency front end
module 2G according to Modification 2 of Embodiment 3.
This diagram illustrates a circuit connection state in a case
of one-uplink of Band 25 and two-downlink of Band 66 and
Band 25 (mode 2: one-uplink two-downlink).

[0412] In the mode 2, as illustrated in FIG. 17C, by the
control unit, the terminal 205 and the terminal 20c¢ are
connected to each other in the switch circuit 20 (fifth
connection state). Furthermore, the terminal 50a and the
terminal 504 are connected to each other in the switch circuit
50.

[0413] Furthermore, by the control unit, the common
terminal 664 and the selection terminal 66¢ are connected to
each other in the switch circuit 66, and the common terminal
72¢ and the selection terminal 72a are connected to each
other in the switch circuit 72.

[0414] In this connection state, in the mode 2, a transmis-
sion signal in Band 25 is transmitted through the output
terminal 3a, the switch circuit 50, the transmission amplifier
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48, the switch circuit 66, the second multiplexer, the switch
circuit 72, the switch circuit 20, and the primary antenna 15,
and reception signals in Band 66 and Band 25 are received
by the RFIC 3 through the primary antenna 15, the switch
circuit 20, the switch circuit 72, and the second multiplexer.
[0415] Note that in the above-described connection form,
the case of one-uplink two-downlink by passing through the
output terminal 3a and the primary antenna 15 has been
described as an example, but one-uplink two-downlink by
passing through the output terminal 35 and the secondary
antenna 16 is also possible.

[0416] FIG. 17D is a circuit state diagram in a case of
one-uplink two-downlink of the high-frequency front end
module 2G according to Modification 2 of Embodiment 3.
This diagram illustrates a circuit connection state in a case
of one-uplink of Band 66 and two-downlink of Band 66 and
Band 25 (mode 2: one-uplink two-downlink).

[0417] In the mode 2, as illustrated in FIG. 17D, by the
control unit, the terminal 20a and the terminal 20c¢ are
connected to each other in the switch circuit 20 (third
connection state). Furthermore, the terminal 50a and the
terminal 50¢ are connected to each other in the switch circuit
50.

[0418] In this connection state, in the mode 2, a transmis-
sion signal in Band 66 is transmitted through the output
terminal 3a, the switch circuit 50, the transmission amplifier
47, the first multiplexer, the switch circuit 20, and the
primary antenna 15, and reception signals in Band 66 and
Band 25 are received by the RFIC 3 through the primary
antenna 15, the switch circuit 20, and the first multiplexer.
[0419] Note that in the above-described connection form,
the case of one-uplink two-downlink by passing through the
output terminal 3a and the primary antenna 15 has been
described as an example, but one-uplink two-downlink by
passing through the output terminal 35 and the secondary
antenna 16 is also possible.

[0420] FIG. 17E is a circuit state diagram in a case of
two-uplink two-downlink of the high-frequency front end
module 2G according to Modification 2 of Embodiment 3.
This diagram illustrates a circuit connection state in a case
of two-uplink of Band 1 and Band 3 and two-downlink of
Band 1 and Band 3 (mode 1: two-uplink two-downlink).
[0421] In the mode 1, as illustrated in FIG. 17E, by the
control unit, the terminal 20a and the terminal 20c¢ are
connected to each other, and the terminal 205 and the
terminal 20d are connected to each other, in the switch
circuit 20 (first connection state). Furthermore, the terminal
50a and the terminal 50c¢ are connected to each other, and the
terminal 505 and the terminal 504 are connected to each
other, in the switch circuit 50.

[0422] Furthermore, by the control unit, the common
terminal 664 and the selection terminal 664 are connected to
each other in the switch circuit 66, and the common terminal
72¢ and the selection terminal 726 are connected to each
other in the switch circuit 72.

[0423] In this connection state, in the mode 1, a transmis-
sion signal in Band 3 is transmitted through the output
terminal 3a, the switch circuit 50, the transmission amplifier
47, the first multiplexer, the switch circuit 20, and the
primary antenna 15, and a transmission signal in Band 1 is
transmitted through the output terminal 35, the switch circuit
50, the transmission amplifier 48, the switch circuit 66, the
second multiplexer, the switch circuit 72, the switch circuit
20, and the secondary antenna 16. Furthermore, a reception
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signal in Band 3 is received by the RFIC 3 through the
primary antenna 15, the switch circuit 20, and the first
multiplexer, and a reception signal in Band 1 is received by
the RFIC 3 through the secondary antenna 16, the switch
circuit 20, the switch circuit 72, and the second multiplexer.

[0424] Alternatively, in the mode 1, as illustrated in FIG.
17E, by the control unit, the terminal 20a and the terminal
20d are connected to each other, and the terminal 205 and
the terminal 20c¢ are connected to each other, in the switch
circuit 20 (second connection state). Furthermore, the ter-
minal 50a and the terminal 504 are connected to each other,
and the terminal 505 and the terminal 50¢ are connected to
each other, in the switch circuit 50.

[0425] Furthermore, by the control unit, the common
terminal 66a and the selection terminal 664 are connected to
each other in the switch circuit 66, and the common terminal
72¢ and the selection terminal 724 are connected to each
other in the switch circuit 72.

[0426] In this connection state, in the mode 1, a transmis-
sion signal in Band 1 is transmitted through the output
terminal 3a, the switch circuit 50, the transmission amplifier
48, the switch circuit 66, the second multiplexer, the switch
circuit 72, the switch circuit 20, and the primary antenna 15,
and a transmission signal in Band 3 is transmitted through
the output terminal 35, the switch circuit 50, the transmis-
sion amplifier 47, the first multiplexer, the switch circuit 20,
and the secondary antenna 16. Furthermore, a reception
signal in Band 1 is received by the RFIC 3 through the
primary antenna 15, the switch circuit 20, the switch circuit
72, and the second multiplexer, and a reception signal in
Band 3 is received by the RFIC 3 through the secondary
antenna 16, the switch circuit 20, and the first multiplexer.

[0427] FIG. 17F is a circuit state diagram in a case of
two-uplink two-downlink of the high-frequency front end
module 2G according to Modification 2 of Embodiment 3.
This diagram illustrates a circuit connection state in a case
of two-uplink of Band 66 and Band 25 and two-downlink of
Band 66 and Band 25 (mode 1: two-uplink two-downlink).

[0428] In the mode 1, as illustrated in FIG. 17F, by the
control unit, the terminal 20a and the terminal 20c¢ are
connected to each other, and the terminal 205 and the
terminal 204 are connected to each other, in the switch
circuit 20 (first connection state). Furthermore, the terminal
50a and the terminal 50c¢ are connected to each other, and the
terminal 5056 and the terminal 50d are connected to each
other, in the switch circuit 50.

[0429] Furthermore, by the control unit, the common
terminal 66a and the selection terminal 66¢ are connected to
each other in the switch circuit 66, and the common terminal
72¢ and the selection terminal 72a are connected to each
other in the switch circuit 72.

[0430] In this connection state, in the mode 1, a transmis-
sion signal in Band 66 is transmitted through the output
terminal 3a, the switch circuit 50, the transmission amplifier
47, the first multiplexer, the switch circuit 20, and the
primary antenna 15, and a transmission signal in Band 25 is
transmitted through the output terminal 35, the switch circuit
50, the transmission amplifier 48, the switch circuit 66, the
second multiplexer, the switch circuit 72, the switch circuit
20, and the secondary antenna 16. Furthermore, a reception
signal in Band 66 is received by the RFIC 3 through the
primary antenna 15, the switch circuit 20, and the first
multiplexer, and a reception signal in Band 25 is received by
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the RFIC 3 through the secondary antenna 16, the switch
circuit 20, the switch circuit 72, and the second multiplexer.

[0431] Alternatively, in the mode 1, as illustrated in FIG.
17F, by the control unit, the terminal 20a and the terminal
20d are connected to each other, and the terminal 205 and
the terminal 20c¢ are connected to each other, in the switch
circuit 20 (second connection state). Furthermore, the ter-
minal 50a and the terminal 504 are connected to each other,
and the terminal 505 and the terminal 50¢ are connected to
each other, in the switch circuit 50.

[0432] Furthermore, by the control unit, the common
terminal 66a and the selection terminal 66¢ are connected to
each other in the switch circuit 66, and the common terminal
72¢ and the selection terminal 72a are connected to each
other in the switch circuit 72.

[0433] In this connection state, in the mode 1, a transmis-
sion signal in Band 25 is transmitted through the output
terminal 3a, the switch circuit 50, the transmission amplifier
48, the switch circuit 66, the second multiplexer, the switch
circuit 72, the switch circuit 20, and the primary antenna 15,
and a transmission signal in Band 66 is transmitted through
the output terminal 35, the switch circuit 50, the transmis-
sion amplifier 47, the first multiplexer, the switch circuit 20,
and the secondary antenna 16. Furthermore, a reception
signal in Band 25 is received by the RFIC 3 through the
primary antenna 15, the switch circuit 20, the switch circuit
72, and the second multiplexer, and a reception signal in
Band 66 is received by the RFIC 3 through the secondary
antenna 16, the switch circuit 20, and the first multiplexer.

OTHER EMBODIMENTS

[0434] Although the high-frequency front end modules
and the communication devices according to the embodi-
ments have been described above using the embodiments
and the modifications thereof, the high-frequency front end
module and the communication device according to the
present disclosure are not limited to the above-described
embodiments and the modifications thereof. The present
disclosure also encompasses other embodiments that are
implemented by combining desired constituent elements in
the above-described embodiments and modifications
thereof, modifications obtained by adding various changes
to the above-described embodiments and modifications
thereof, which are conceived by those skilled in the art,
without departing from the gist of the present disclosure, and
various apparatuses incorporating the high-frequency front
end module and the communication device according to the
present disclosure.

[0435] Note that, the above-described embodiments and
modifications thereof have described the configuration of
two-uplink two-downlink in which a high-frequency signal
in the first frequency band and a high-frequency signal in the
second frequency band are simultaneously used as an
example, but the configurations of the high-frequency front
end module and the communication device according to the
present disclosure can also be applied to the configuration of
uplink and/or downlink (for example, three-uplink three-
downlink) in which three or more different frequency bands
are simultaneously used. That is, the present disclosure also
includes a high-frequency front end module or a communi-
cation device including the configuration for executing
uplink and/or downlink in which three or more different
frequency bands are simultaneously used, the configuration
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of the high-frequency front end module or the communica-
tion device according to the above-described embodiments
and modification thereof.

[0436] For example, in the high-frequency front end mod-
ules and the communication devices according to the above-
described embodiments and modifications thereof, other
high-frequency circuit elements, wirings, and the like may
be inserted between the paths connecting the respective
circuit elements and signal paths disclosed in the drawings.

INDUSTRIAL APPLICABILITY

[0437] The present disclosure can be widely used for
communication apparatuses, such as mobile phones, as a
multi-band/multi-mode compatible front end module that
adopts a carrier aggregation system.

[0438] While preferred embodiments of the disclosure
have been described above, it is to be understood that
variations and modifications will be apparent to those skilled
in the art without departing from the scope and spirit of the
disclosure. The scope of the disclosure, therefore, is to be
determined solely by the following claims.

What is claimed is:

1. A high-frequency front end module configured to
perform simultaneous transmission of a first signal in a first
transmission band included in a first frequency band and a
second signal in a second transmission band included in a
second frequency band which is different from the first
frequency band, and configured to perform simultaneous
reception of a third signal in a first reception band included
in the first frequency band and a fourth signal in a second
reception band included in the second frequency band, the
high-frequency front end module comprising:

a primary antenna terminal and a secondary antenna

terminal;

a first multiplexer and a second multiplexer; and

a first switch circuit having a first terminal, a second

terminal, a third terminal, and a fourth terminal,
wherein the first multiplexer comprises:
a first transmission filter having a pass band comprising
the first transmission band, and
a first reception filter having a pass band comprising the
first reception band, and
wherein the first multiplexer does not comprise a trans-
mission filter having a pass band comprising the second
transmission band,

wherein the second multiplexer comprises:

a second transmission filter having a pass band com-
prising the second transmission band, and

a second reception filter having a pass band comprising
the second reception band,

wherein the second multiplexer does not comprise a

transmission filter having a pass band comprising the
first transmission band, and

wherein a band extending from minimum pass band

frequency to a maximum pass band frequency of the
filters of the first multiplexer at least partially overlaps
aband extending from a minimum pass band frequency
to a maximum pass band frequency of the filters of the
second multiplexer, wherein the first terminal is con-
nected to the primary antenna terminal,

wherein the second terminal is connected to the secondary

antenna terminal,



US 2022/0182081 Al

wherein the third terminal is connected to an output
terminal of the first transmission filter and to an input
terminal of the first reception filter, and

wherein the fourth terminal is connected to an output

terminal of the second transmission filter and to an
input terminal of the second reception filter.

2. The high-frequency front end module according to
claim 1, further comprising:

a first amplifier having a first output terminal; and

a switch circuit having a common terminal and a plurality

of selection terminals,

wherein the common terminal is connected to the first

output terminal.

3. The high-frequency front end module according to
claim 1, further comprising:

a switch circuit having a common terminal and a plurality

of selection terminals,

wherein the common terminal is connected to the third

terminal.

4. The high-frequency front end module according to
claim 1, wherein, in the first switch circuit:

conduction between the third terminal and the first ter-

minal and conduction between the third terminal and
the second terminal are exclusively switched, and
conduction between the fourth terminal and the first
terminal and conduction between the fourth terminal
and the second terminal are exclusively switched.

5. The high-frequency front end module according to
claim 1,

wherein the first multiplexer does not comprise a recep-

tion filter having a pass band comprising the second
reception band, and

wherein the second multiplexer does not comprise a

reception filter having a pass band comprising the first
reception band.

6. The high-frequency front end module according to
claim 5, wherein, when the simultaneous transmission and
the simultaneous reception are performed in the first fre-
quency band and the second frequency band, and when only
one of the first signal in the first transmission band or the
second signal in the second transmission band is transmitted
and simultaneous reception in the first frequency band and
the second frequency band are performed,

then a first connection state in which the third terminal

and the first terminal are conductive to each other and
the fourth terminal and the second terminal are con-
ductive to each other, or a second connection state in
which the third terminal and the second terminal are
conductive to each other and the fourth terminal and the
first terminal are conductive to each other is selected.

7. The high-frequency front end module according to
claim 1,

wherein the first multiplexer further comprises a fourth

reception filter having a pass band comprising the
second reception band, and

wherein the second multiplexer further comprises a third

reception filter having a pass band comprising the first
reception band.

8. The high-frequency front end module according to
claim 7,

wherein, simultaneous transmission and simultaneous

reception are performed in the first frequency band and
the second frequency band, a first connection state in
which the third terminal and the first terminal are
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conductive to each other and the fourth terminal and the
second terminal are conductive to each other, or a
second connection state in which the third terminal and
the second terminal are conductive to each other and
the fourth terminal and the first terminal are conductive
to each other is selected,
when transmission in the first frequency band is per-
formed and the first signal in the first reception band
and the second signal in the second reception band are
simultaneously received, a third connection state in
which the third terminal and the first terminal are
conductive to each other, or a fourth connection state in
which the third terminal and the second terminal are
conductive to each other is selected, and
when transmission in the second frequency band is per-
formed and the first signal in the first reception band
and the second signal in the second reception band are
simultaneously received, a fifth connection state in
which the fourth terminal and the first terminal are
conductive to each other, or a sixth connection state in
which the fourth terminal and the second terminal are
conductive to each other is selected.
9. The high-frequency front end module according to
claim 1, further comprising:
a second switch circuit having a fifth terminal, a sixth
terminal, a seventh terminal, and an eighth terminal,
a first amplifier having a first output terminal connected to
a first input terminal of the first transmission filter, and
a second amplifier having a second output terminal con-
nected to a second input terminal of the second trans-
mission filter,
wherein the fifth terminal is connected to a first input
terminal of the first amplifier,
wherein the sixth terminal is connected to a second input
terminal of the second amplifier,
wherein a signal for the primary antenna is inputted to the
seventh terminal,
wherein a signal for the secondary antenna is inputted to
the eighth terminal, and
wherein in the second switch circuit:
conduction between the seventh terminal and the fifth
terminal is selected when conduction between the
third terminal and the first terminal is selected,
conduction between the eighth terminal and the fifth
terminal is selected when conduction between the
third terminal and the second terminal is selected,
conduction between the seventh terminal and the sixth
terminal is selected when conduction between the
fourth terminal and the first terminal is selected, and
conduction between the eighth terminal and the sixth
terminal is selected when conduction between the
fourth terminal and the second terminal is selected.
10. The high-frequency front end module according to
claim 7,
wherein the high-frequency front end module is config-
ured to perform simultaneous transmission of two first
transmission signals among a plurality of transmission
signals in the first transmission band included in the
first frequency band, a second transmission signal in
the second transmission band included in the second
frequency band which is different from the first fre-
quency band, and a third transmission signal in a third
transmission band included in a third frequency band
which is different from the first frequency band and the
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second frequency band, and simultaneous reception of
two first reception signals among a plurality of recep-
tion signals in the first reception band included in the
first frequency band, a second reception signal in the
second reception band included in the second fre-
quency band, and a third reception signal in a third
reception band included in the third frequency band,
wherein the first multiplexer further comprises:
a fifth transmission filter having a pass band comprising
the third transmission band, and
a fifth reception filter having a pass band comprising
the third reception band, and
wherein the second multiplexer further comprises:
a sixth transmission filter having a pass band compris-
ing the third transmission band, and
a sixth reception filter having a pass band comprising
the third reception band.
11. The high-frequency front end module according to

claim 1,

wherein, among a first transmission signal in the first
transmission band included in the first frequency band,
a second transmission signal in the second transmission
band included in the second frequency band which is
different from the first frequency band, and a third
transmission signal in a third transmission band
included in a third frequency band which is different
from the first frequency band and the second frequency
band, the high-frequency front end module is config-
ured to perform simultaneous transmission of the first
transmission signal in the first transmission band and
the second transmission signal in the second transmis-
sion band, and simultaneous transmission of the first
transmission signal in the first transmission band and
the third transmission signal in the third transmission
band are executed,

wherein among a first reception signal in the first recep-
tion band included in the first frequency band, a second
reception signal in the second reception band included
in the second frequency band, and a third reception
signal in a third reception band which is included in the
third frequency band and includes the second reception
band, the high-frequency front end module is config-
ured to perform simultaneous reception of the first
reception signal in the first reception band and the
second reception signal in the second reception band,
and simultaneous reception of the first reception signal
in the first reception band and the third reception signal
in the third reception band are executed,

wherein the first multiplexer further comprises a fourth
reception filter having a pass band comprising the third
reception band,

wherein the second multiplexer further comprises a third
reception filter having a pass band comprising the first
reception band, and a sixth transmission filter having a
pass band comprising the third transmission band, and

wherein the pass band of the second reception filter
further comprises the third reception band.

12. The high-frequency front end module according to

claim 1,

wherein the high-frequency front end module is config-
ured to perform simultaneous transmission and simul-
taneous reception of the first frequency band and the
second frequency band, and is configured to simulta-
neously transmit and simultaneously receive a fourth
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high-frequency signal in a fourth frequency band which
is different from the first frequency band and the second
frequency band, and a fifth high-frequency signal in a
fifth frequency band which is different from the first
frequency band, the second frequency band, and the
fourth frequency band,

wherein the first frequency band is a band 66 of LTE
(Long Term Evolution),

wherein the second frequency band is a band 25 of LTE,

wherein the fourth frequency band is a band 1 of LTE, and

wherein the fifth frequency band is a band 3 of LTE.

13. The high-frequency front end module according to
claim 1,

wherein the high-frequency front end module is config-
ured to perform simultaneous transmission and simul-
taneous reception of the first frequency band and the
second frequency band, and is configured to simulta-
neously transmit and simultaneously receive a fourth
high-frequency signal in a fourth frequency band which
is different from the first frequency band and the second
frequency band, and a fifth high-frequency signal in a
fifth frequency band which is different from the first
frequency band, the second frequency band, and the
fourth frequency band,

wherein the first frequency band is a band 1 of LTE,

wherein the second frequency band is a band 3 of LTE,

wherein the fourth frequency band is a band 66 of LTE,
and

wherein the fifth frequency band is a band 25 of LTE.

14. The high-frequency front end module according to
claim 9, further comprising:

a transmission amplifier;

a reception amplifier;

a third switch circuit having a common terminal con-
nected to an input terminal of the reception amplifier;
and

a fourth switch circuit having a common terminal con-
nected to an output terminal of the transmission ampli-
fier.

15. The high-frequency front end module according to

claim 9, further comprising:

a first transmission amplifier;

a second transmission amplifier; and

a third switch circuit having a common terminal, a first
selection terminal, and a second selection terminal,
wherein the common terminal is connected to an output
terminal of the first transmission amplifier.

16. The high-frequency front end module according to
claim 15, wherein the fifth terminal of the second switch
circuit is connected to an input of the second transmission
amplifier.

17. A communication device comprising:

the high-frequency front end module according to claim
1; and

an RF signal processing circuit configured to process a
high-frequency signal transmitted and received by the
high-frequency front end module.

18. A communication device comprising:

the high-frequency front end module according to claim
15; and

an RF signal processing circuit configured to process a
high-frequency signal transmitted and received by the
high-frequency front end module,
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wherein the RF signal processing circuit is connected to

an input of the second transmission amplifier.

19. The communication device according to claim 18,
wherein the RF signal processing circuit is connected to the
input of the second transmission amplifier via the sixth
terminal and the seventh terminal, or via the sixth terminal
and the eighth terminal.

20. The communication device according to claim 17,
wherein the RF signal processing circuit is connected to the
seventh terminal and the eighth terminal.
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