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A multiplexer includes first and second filters connected to
an antenna connecting terminal. The first filter includes a
first series arm resonator and a first parallel arm resonator.
Each of the first series arm resonator and the first parallel
arm resonator includes a bottom electrode, a top electrode,
and a piezoelectric layer. At least one of resonators forming
the first series arm resonator and the first parallel arm reso-
nator is constituted by plural series-divided resonators. The
second filter includes plural second series arm resonators
and a second parallel arm resonator. Each of the plural sec-
ond series arm resonators and the second parallel arm reso-
nator includes a bottom electrode, a top electrode, and a
piezoelectric layer. Among the plural second series arm
resonators, the top electrodes or the bottom electrodes of
two adjacent second series arm resonators are formed by
one electrode.
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MULTIPLEXER, RADIO-FREQUENCY
MODULE, AND COMMUNICATION
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation application of
PCT International Application No. PCT/JP2021/036990
filed on Oct. 6, 2021, designating the United States of Amer-
ica, which is based on and claims priority to Japanese Patent
Application No. 2020-183515 filed on Nov. 2, 2020. The
entire disclosures of the above-identified applications,
including the specifications, drawings, and claims are incor-
porated herein by reference in their entirety.

BACKGROUND
1. Field of the Disclosure

[0002] The present disclosure relates to a multiplexer, a
radio-frequency module, and a communication apparatus.

2. Description of the Related Art

[0003] Tt is desirable that a multiband- and multimode-
support radio-frequency circuit send and receive multiple
radio-frequency signals with a small loss and a high
isolation.

[0004] U.S. Pat. Application Publication No. 2016/
0127015 discloses a receiver module (multiplexer) in
which multiple filters whose pass bands are different from
each other are connected to an antenna via a switch.

SUMMARY

[0005] The recent versions of 3GPP (Third Generation
Partnership Project) specify simultaneous transmission of
radio-frequency signals of multiple bands including 5G
(5th generation) - NR (New Radio) bands. Combinations
of bands to be simultaneously transmitted thus become
diversified. It is anticipated that there will be more cases in
which signal distortion occurs depending on the frequency
to be used and the quality of a sending signal or a received
signal is degraded. Examples of major modes of signal dis-
tortion that degrade the quality of a sending signal or a
received signal are the second-, third-, and fourth-order dis-
tortion modes. It is thus desirable to reduce the occurrence
of unwanted waves of multiple major distortion modes (sec-
ond-, third-, and fourth-order distortion modes) rather than
to reduce unwanted waves of a single specific distortion
mode to suppress the degradation of the quality of a sending
signal or a received signal.

[0006] Tt is an aspect of the present disclosure to provide a
multiplexer, a radio-frequency module, and a communica-
tion apparatus that are capable of reducing the occurrence
of unwanted waves of multiple major distortion modes.
[0007] According to an aspect of the disclosure, there is
provided a multiplexer including first and second filters.
The first filter is connected to a common terminal and has
a first pass band including a first band which is sized to pass
a signal. The second filter is connected to the common term-
inal and has a second pass band including a second band
which is sized to pass another signal. The first filter includes
a first series arm resonator and a first parallel arm resonator.
The first series arm resonator is disposed on a first series arm
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path which connects the common terminal and a first radio-
frequency input terminal that receives a first sending signal
of the first band. The first parallel arm resonator is disposed
on a first parallel arm path which connects the first series
arm path and a ground. Each of the first series arm resonator
and the first parallel arm resonator includes a first support
substrate, a first bottom electrode disposed above the first
support substrate, a first top electrode disposed above the
first bottom electrode, and a first piezoelectric layer dis-
posed between the first bottom electrode and the first top
electrode. At least one of resonators forming the first series
arm resonator and the first parallel arm resonator is consti-
tuted by plural series-divided resonators connected in series
with each other. The second filter includes plural second
series arm resonators and a second parallel arm resonator.
The plural second series arm resonators are disposed on a
second series arm path which connects the common term-
inal and a second radio-frequency input terminal that
receives a second sending signal of the second band. The
second parallel arm resonator is disposed on a second par-
allel arm path which connects the second series arm path
and a ground. Each of the plural second series arm resona-
tors and the second parallel arm resonator includes a second
support substrate, a second bottom electrode disposed above
the second support substrate, a second top electrode dis-
posed above the second bottom electrode, and a second
piezoelectric layer disposed between the second bottom
electrode and the second top electrode. Regarding two adja-
cent second series arm resonators of the plural second series
arm resonators, the second top electrode or the second bot-
tom electrode of one second series arm resonator and the
second top electrode or the second bottom electrode of the
other second series arm resonator are formed by one
electrode.

[0008] According to an aspect of the disclosure, there is
provided a multiplexer including first and second filters.
The first filter is connected to a common terminal and has
a first pass band including a first band which is sized to pass
a signal. The second filter is connected to the common term-
inal and has a second pass band including a second band
which is sized to pass another signal. The first filter includes
a first series arm resonator and a first parallel arm resonator.
The first series arm resonator is disposed on a first series arm
path which connects the common terminal and a first radio-
frequency input terminal that receives a first sending signal
of the first band. The first parallel arm resonator is disposed
on a first parallel arm path which connects the first series
arm path and a ground. Each of the first series arm resonator
and the first parallel arm resonator includes a first support
substrate, a first bottom electrode disposed above the first
support substrate, a first top electrode disposed above the
first bottom electrode, and a first piezoelectric layer dis-
posed between the first bottom electrode and the first top
electrode. At least one of resonators forming the first series
arm resonator and the first parallel arm resonator is consti-
tuted by plural series-divided resonators connected in series
with each other. The second filter includes a second series
arm resonator and plural second parallel arm resonators. The
second series arm resonator is disposed on a second series
arm path which connects the common terminal and a second
radio-frequency input terminal that receives a second send-
ing signal of the second band. The plural second parallel
arm resonators are disposed on individual second parallel
arm paths, each of which connects the second series arm
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path and a ground. Each of the second series arm resonator
and the plural second parallel arm resonators includes a sec-
ond support substrate, a second bottom electrode disposed
above the second support substrate, a second top electrode
disposed above the second bottom electrode, and a second
piezoelectric layer disposed between the second bottom
electrode and the second top electrode. Regarding two sec-
ond parallel arm resonators of the plural second parallel arm
resonators, one second parallel arm resonator being directly
connected to one end of the second series arm resonator, the
other second parallel arm resonator being directly connected
to the other end of the second series arm resonator, the sec-
ond top electrodes or the second bottom electrodes of the
two second parallel arm resonators are formed by one
electrode.

[0009] According to an aspect of the disclosure, there is
provided a multiplexer including first and second filters.
The first filter is connected to a common terminal and has
a first pass band including a first band sized to send a signal.
The second filter is connected to the common terminal and
has a second pass band including a second band which is
sized to pass another signal. The first filter includes a first
series arm resonator and a first parallel arm resonator. The
first series arm resonator is disposed on a first series arm
path which connects the common terminal and a first
radio-frequency input terminal that receives a first sending
signal of the first band. The first parallel arm resonator is
disposed on a first parallel arm path which connects the
first series arm path and a ground. Each of the first series
arm resonator and the first parallel arm resonator includes
a first support substrate, a first bottom electrode disposed
above the first support substrate, a first top electrode dis-
posed above the first bottom electrode, and a first piezoelec-
tric layer disposed between the first bottom electrode and the
first top electrode. At least one of resonators forming the
first series arm resonator and the first parallel arm resonator
is constituted by plural series-divided resonators connected
in series with each other. The second filter includes a second
series arm resonator and a second parallel arm resonator.
The second series arm resonator is disposed on a second
series arm path which connects the common terminal and
a second radio-frequency input terminal that receives a sec-
ond sending signal of the second band. The second parallel
arm resonator is disposed on a second parallel arm path
which connects the second series arm path and a ground.
At least one of resonators forming the second series arm
resonator and the second parallel arm resonator is consti-
tuted by plural parallel-divided resonators connected in par-
allel with each other. Each of the plural parallel-divided
resonators includes a second support substrate, a second bot-
tom electrode disposed above the second support substrate,
a second top electrode disposed above the second bottom
electrode, and a second piezoelectric layer disposed
between the second bottom electrode and the second top
electrode. The second top electrode of one of the plural par-
allel-divided resonators and the second bottom electrode of
another one of the plural parallel-divided resonators are con-
nected to each other.

[0010] According to aspects of the disclosure, it is possi-
ble to provide a multiplexer, a radio-frequency module, and
a communication apparatus that are capable of reducing the
occurrence of unwanted (sometimes referred to as “a prede-
termined wave”) waves of multiple major distortion modes.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a circuit block diagram of a multiplexer, a
radio-frequency module, and a communication apparatus
according to a first embodiment;

[0012] FIG. 2A is a schematic perspective view illustrat-
ing a first example of the structure of a filter according to the
first embodiment;

[0013] FIG. 2B is a schematic perspective view illustrat-
ing a second example of the structure of a filter according to
the first embodiment;

[0014] FIG. 3 is a circuit diagram illustrating the structure
of a first filter according to the first embodiment;

[0015] FIG. 4 includes two subparts: subpart FIG. 4(a) is a
circuit diagram of a second filter according to the first embo-
diment, and subpart FIG. 4(b) illustrates the multilayer
structure of adjacent series arm resonators;

[0016] FIG. 5 includes two subparts: subpart FIG. 5(a) is a
circuit diagram of the second filter according to a modified
example of the first embodiment, and subpart FIG. 5(b)
illustrates the multilayer structure of parallel-divided
resonators;

[0017] FIG. 6 is a circuit block diagram of a multiplexer, a
radio-frequency module, and a communication apparatus
according to a second embodiment;

[0018] FIG. 7A illustrates a propagation state of a sending
signal and an unwanted wave of the fourth-order distortion
mode in the radio-frequency module of the second
embodiment;

[0019] FIG. 7B illustrates a propagation state of a sending
signal and an unwanted wave of the third-order distortion
mode in the radio-frequency module of the second
embodiment;

[0020] FIG. 8 is a circuit diagram of a multiplexer accord-
ing to a modified example of the second embodiment; and
[0021] FIG. 9 is a schematic plan view illustrating the
arrangement layout of acoustic wave filters and power
amplifiers of the radio-frequency module according to the
second embodiment.

DESCRIPTION OF THE EMBODIMENTS

[0022] Embodiments of the disclosure will be described
below in detail with reference to the accompanying draw-
ings. Embodiments described below illustrate general or
specific examples. Numerical values, configurations, mate-
rials, components, and positions and connection states of the
components illustrated in the following embodiments are
only examples and are not intended to limit the invention.
[0023] The drawings are only schematically shown and
are not necessarily precisely illustrated. For the sake of
representation, the drawings are illustrated in an exagger-
ated manner or with omissions or the ratios of components
in the drawings are adjusted. The configurations, positional
relationships, and ratios of components in the drawings may
be different from those of the actual components. In the
drawings, substantially identical components are designated
by like reference numeral, and it may be possible that an
explanation of such components be not repeated or be
merely simplified.

[0024] In the disclosure, “A is connected to B” includes,
not only the meaning that A is directly connected to B using
a connecting terminal and/or a wiring conductor, but also the
meaning that A is electrically connected to B via another
circuit element. “Being connected between A and B”
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means that “being connected to both A and B on a path
which connects A and B”.

First Embodiment

1.1 Circuit Configurations of Multiplexer 10, Radio-
Frequency Module 1, and Communication Apparatus 5

[0025] FIG. 1 is a circuit block diagram of a multiplexer
10, a radio-frequency module 1, and a communication appa-
ratus 5 according to a first embodiment. As illustrated in
FIG. 1, the communication apparatus S includes the radio-
frequency module 1, an antenna 2, a radio-frequency (RF)
signal processing circuit 3, and a baseband signal processing
circuit 4. Hereinafter, the radio-frequency (RF) signal pro-
cessing circuit 3 will be called a radio-frequency integrated
circuit (RFIC) 3, and the baseband signal processing circuit
4 will be called a baseband integrated circuit (BBIC) 4. The
radio-frequency module 1 transmits a radio-frequency sig-
nal between the antenna 2 and the RFIC 3. The detailed
circuit configuration of the radio-frequency module 1 will
be discussed later.

[0026] The antenna 2 is connected to an antenna connect-
ing terminal 100 of the radio-frequency module 1. The
antenna 2 sends a radio-frequency signal output from the
radio-frequency module 1 and also receives a radio-fre-
quency signal from an external source and outputs it to the
radio-frequency module 1.

[0027] The RFIC 3 is an example of a signal processing
circuit that processes a radio-frequency signal. The RFIC 3
will be discussed below more specifically. The RFIC 3 per-
forms signal processing, such as down-conversion, on a
radio-frequency received signal which is received via a
receive path of the radio-frequency module 1 and outputs
the resulting received signal to the BBIC 4. The RFIC 3
also performs signal processing, such as up-conversion, on
a sending signal received from the BBIC 4 and outputs the
resulting radio-frequency sending signal to a sending path of
the radio-frequency module 1. The RFIC 3 includes a con-
troller that controls components, such as a switch and ampli-
fiers, of the radio-frequency module 1. All or some of the
functions of the RFIC 3 as the controller may be installed in
a source outside the RFIC 3, such as in the BBIC 4 or the
radio-frequency module 1.

[0028] The BBIC 4 is a baseband signal processing circuit
that performs signal processing by using an intermediate-
frequency (IF) band, which is lower than a radio-frequency
signal transmitted by the radio-frequency module 1. Exam-
ples of signals to be processed by the BBIC 4 are image
signals for displaying images and/or audio signals for per-
forming communication via a speaker.

[0029] The antenna 2 and the BBIC 4 are not essential
components for the communication apparatus 5 of the first
embodiment.

[0030] The detailed circuit configuration of the radio-fre-
quency module 1 will now be discussed below. As illu-
strated in FIG. 1, the radio-frequency module 1 includes
the multiplexer 10, power amplifiers 21 and 22, and radio-
frequency input terminals 110 and 120.

[0031] The radio-frequency input terminals 110 and 120
are terminals for receiving a radio-frequency sending signal
from the outside of the radio-frequency module 1.

[0032] The multiplexer 10 is disposed between the
antenna 2 and the RFIC 3. The multiplexer 10 separates
received signals input from the antenna 2 from each other
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and combines sending signals input from the RFIC 3. The
multiplexer 10 includes filters 11 and 12, a switch 15, and
the antenna connecting terminal 100.

[0033] The antenna connecting terminal 100 is an example
of a common terminal and is connected to the antenna 2 and
to the switch 15.

[0034] The filter 11 is an example of a first filter. The filter
11 is connected to the antenna connecting terminal 100 via
the switch 15 and has a first pass band including a first band
which can be used for sending a signal.

[0035] The filter 12 is an example of a second filter. The
filter 12 is connected to the antenna connecting terminal 100
via the switch 15 and has a second pass band including a
second band which can be used for sending a signal.

[0036] The first band and the second band each refer to a
frequency band defined by a standardizing body (such as
3GPP and Institute of Electrical and Electronics Engineers
(IEEE)) for a communication system to be constructed using
aradio access technology (RAT). In the first embodiment, as
the communication system, a long term evolution (LTE)
system, a 5G-NR system, and a wireless local area network
(WLAN) system, for example, may be used. However, the
communication system is not limited to these types of
systems.

[0037] The switch 15 has two single pole single throw
(SPST) switch elements. A terminal 15a is connected to
the antenna connecting terminal 100. A terminal 155 is con-
nected to the filter 11, while a terminal 15¢ is connected to
the filter 12. With this configuration, based on a control sig-
nal from the RFIC 3, for example, the switch 15 selectively
connects or disconnects the antenna connecting terminal
100 to or from the filter 11 and selectively connects or dis-
connects the antenna connecting terminal 100 to or from the
filter 12. The number of switch elements of the switch 15 is
suitably set in accordance with the number of filters of the
multiplexer 10.

[0038] The power amplifier 21 is an example of a first
power amplifier. The power amplifier 21 is connected
between the filter 11 and the radio-frequency input terminal
110 and is able to amplify a sending signal of the first band
input from the radio-frequency input terminal 110.

[0039] The power amplifier 22 is an example of a second
power amplifier. The power amplifier 22 is connected
between the filter 12 and the radio-frequency input terminal
120 and is able to amplify a sending signal of the second
band input from the radio-frequency input terminal 120.
[0040] In the multiplexer 10, the provision of the switch
15 may be omitted. In this case, the filters 11 and 12 may be
directly connected to the antenna connecting terminal 100.
[0041] An impedance matching circuit may be inserted
between the filter 11 and the power amplifier 21 and/or
between the filter 12 and the power amplifier 22. An impe-
dance matching circuit may be inserted between the antenna
connecting terminal 100 and the filter 11 and/or between the
antenna connecting terminal 100 and the filter 12.

1.2 Structure of BAW Resonator

[0042] The structure of acoustic wave resonators forming
the filters 11 and 12 will be discussed below.

[0043] Each of the filters 11 and 12 is an example of a bulk
acoustic wave (BAW) filter and includes one or more BAW
resonators.
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[0044] FIG. 2A is a schematic perspective view illustrat-
ing a first example (filter 13A) of the structure of the filter 11
or 12 of the first embodiment. In FIG. 2A, one of one or
more BAW resonators forming the filter 13A is shown.
Each of one or more BAW resonators forming the filter
13A is a solidly mounted resonator (SMR). As illustrated
in FIG. 2A, the BAW resonator, which is an SMR (herein-
after called the SMR BAW resonator), includes a silicon (Si)
substrate 116, a bottom electrode 111, a top electrode 113, a
piezoelectric layer 112, low acoustic impedance films 114,
and high acoustic impedance films 115, for example. The Si
substrate 116 is an example of a support substrate. An
acoustic multilayer film constituted by the low acoustic
impedance films 114 and the high acoustic impedance
films 115 alternately stacked on each other is disposed
above the Si substrate 116. The bottom electrode 111 is dis-
posed above the acoustic multilayer film. The top electrode
113 is disposed above the bottom electrode 111. The piezo-
electric layer 112 is disposed between the bottom electrode
111 and the top electrode 113. With this structure, by utiliz-
ing Bragg reflection of the acoustic multilayer film disposed
between the Si substrate 116 and a set of the bottom elec-
trode 111, the top electrode 113, and the piezoelectric layer
112, the SMR BAW resonator traps BAWSs above the acous-
tic multilayer film.

[0045] With the above-described configuration, when a
radio-frequency signal is input between the bottom elec-
trode 111 and the top electrode 113, a potential difference
is generated between the bottom electrode 111 and the top
electrode 113. This causes the piezoelectric layer 112 to dis-
tort so as to generate a BAW in the stacking direction of the
bottom electrode 111, the piezoelectric layer 112, and the
top electrode 113. The film thickness of the piezoelectric
layer 112 and the wavelength of the pass band of the filter
13A are preset to correspond to each other. This allows a
radio-frequency signal only having target frequency compo-
nents to pass through the filter 13A.

[0046] FIG. 2B is a schematic perspective view illustrat-
ing a second example (filter 13B) of the structure of the filter
11 or 12 of the first embodiment. In FIG. 2B, one of one or
more BAW resonators forming the filter 13B is shown. Each
of one or more BAW resonators forming the filter 13B is a
film bulk acoustic resonator (FBAR). As illustrated in FIG.
2B, the BAW resonator, which is an FBAR (hereinafter
called the FBAR BAW resonator), includes a Si substrate
116, a bottom electrode 111, a top electrode 113, and a
piezoelectric layer 112, for example. The Si substrate 116
is an example of the support substrate. The bottom electrode
111 is disposed above the Si substrate 116. The top electrode
113 is disposed above the bottom electrode 111. The piezo-
electric layer 112 is disposed between the bottom electrode
111 and the top electrode 113. The filter 13B also has a cav-
ity 117 formed in the Si substrate 116. With this structure, a
BAW to be excited between the bottom electrode 111 and
the top electrode 113 is generated in the stacking direction of
the bottom electrode 111, the piezoelectric layer 112, and the
top electrode 113.

[0047] With the above-described configuration, when a
radio-frequency signal is input between the bottom elec-
trode 111 and the top electrode 113, a potential difference
is generated between the bottom electrode 111 and the top
electrode 113. This causes the piezoelectric layer 112 to dis-
tort so as to generate a BAW in the stacking direction of the
bottom electrode 111, the piezoelectric layer 112, and the
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top electrode 113. The film thickness of the piezoelectric
layer 112 and the wavelength of the pass band of the filter
13B are preset to correspond to each other. This allows a
radio-frequency signal only having target frequency compo-
nents to pass through the filter 13B.

1.3 Structures of Filters 11 and 12

[0048] If the first pass band of the filter 11 is positioned at
alower frequency side than the second pass band of the filter
12, the acoustic wave resonator of the filter 11 may desirably
be an FBAR, while the acoustic wave resonator of the filter
12 may desirably be an SMR.

[0049] The level of unwanted waves of higher-order
modes that occur in the FBAR is lower than that in the
SMR. Forming the filter 11 having a pass band on the
lower frequency side by using the FBAR can thus reduce
unwanted waves of higher-order modes that may occur in
the pass band of the filter 12 on the higher frequency side.
The filter 11 can allow the piezoelectric layer 112 of the
FBAR to freely vibrate because of the provision of the cav-
ity 117, thereby enhancing the resonance Q factor and redu-
cing the insertion loss. It is thus possible to reduce the inser-
tion loss of the filters 11 and 12, thereby implementing the
small-loss multiplexer 10.

[0050] There may be a case in which, depending on the
band to be used, it is desirable to improve the communica-
tion performance of the communication apparatus 5 by
using a high power mode, which can increase transmit
power. The high power mode is a mode in which commu-
nication is performed by using, for example, Power Class 3
(maximum output power is +23 dBm) or Power Class 2,
whose output power is higher than Power Class 3. When
the radio-frequency module 1 is operated in the high
power mode, heat generation in the radio-frequency module
11s increased. It is thus desirable to enhance heat dissipation
of circuit components mounted on the radio-frequency mod-
ule 1.

[0051] The filters 11 and 12 forming the multiplexer 10 of
the first embodiment are constituted by BAW resonators
having higher heat dissipation characteristics than surface
acoustic wave (SAW) resonators. The multiplexer 10 can
thus improve the heat dissipation characteristics.

[0052] Additionally, in the SMR, a heat dissipation path
via the Si substrate 116 is formed because of the presence
of the acoustic multilayer film. The SMR thus exhibits
higher heat dissipation characteristics than the FBAR.
[0053] From this point of view, a filter for allowing a send-
ing signal of the high power mode to pass therethrough is
desirably constituted by the SMR. Examples of the band
using the high power mode are n41, n77, n78, and n79 for
5G-NR.

[0054] The filters 11 and 12 may be formed using the same
chip or the same package. To put it more specifically, “filters
11 and 12 being formed using the same chip” means that the
filters 11 and 12 are formed on the single continuous Si sub-
strate 116 or use the single continuous piezoelectric layer
112.

[0055] The circuit configurations of the filters 11 and 12
will now be explained below.

[0056] FIG. 3 is a circuit diagram illustrating the structure
of a filter 11A according to the first embodiment. The filter
11A, which is an example of the first filter, includes series-
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divided resonators 41a and 415, series arm resonators 42
and 43, and parallel arm resonators 51 and 52.

[0057] Each of the series-divided resonators 41a and 415
and the series arm resonators 42 and 43 is an example of a
first series arm resonator and is disposed on a first series arm
path connecting the terminal 15h and the radio-frequency
input terminal 110. Each of the parallel arm resonators 51
and 52 is an example of a first parallel arm resonator and the
parallel arm resonators 51 and 52 are disposed on individual
first parallel arm paths each connecting the first series arm
path and a ground. The series-divided resonators 41a and
415 are resonators obtained by dividing one series arm reso-
nator in series. No circuit element is connected to a node of
each of the series-divided resonators 41a and 415.

[0058] The series-divided resonators 41a and 415, the ser-
ies arm resonators 42 and 43, and the parallel arm resonators
51 and 52 forming the filter 11A are all FBARs or all SMRs.
Each of the series-divided resonators 41a and 415, the series
arm resonators 42 and 43, and the parallel arm resonators 51
and 52 includes a Si substrate 116 (first support substrate), a
bottom electrode 111 (first bottom electrode) disposed above
the Si substrate 116, a top electrode 113 (first top electrode)
disposed above the bottom electrode 111, and a piezoelectric
layer 112 (first piezoelectric layer) disposed between the
bottom electrode 111 and the top electrode 113.

[0059] The filter 11A constituted by BAW resonators is
capable of reducing the occurrence of unwanted waves of
the third-order distortion mode. While power is concen-
trated on the electrode fingers of comb-shaped electrodes
of a SAW resonator, power is distributed over the entirety
of the piezoelectric layer of a BAW resonator, which makes
it difficult to cause nonlinear distortion. A BAW resonator is
thus capable of reducing unwanted waves of the odd-order
distortion modes rather than those of the even-order distor-
tion modes. In the filter 11A, since one of the series arm
resonators is constituted by the series-divided resonators
41a and 415, the electrode area of each of the series-divided
resonators 41a and 415 is four times as large as that of the
other series arm resonators. This can reduce the power den-
sity of the series-divided resonators 41a and 41b. A radio-
frequency signal to be output from the filter 11A toward the
terminal 1556 is thus less likely to become nonlinear, thereby
making it possible to effectively reduce a leakage of
unwanted waves of the third-order distortion mode from
the filter 11A.

[0060] In the filter 11A, instead of forming one series arm
resonator by the series-divided resonators 41a and 415, one
parallel arm resonator may be formed by two series-divided
resonators.

[0061] In this case, in the filter 11A, since one parallel arm
resonator is constituted by two series-divided resonators, the
electrode area of each of the series-divided resonators is four
times as large as that of the other parallel arm resonators.
This can reduce the power density of the series-divided reso-
nators. A radio-frequency signal to be output from the filter
11A toward the terminal 155 is thus less likely to become
nonlinear, thereby making it possible to effectively reduce a
leakage of unwanted waves of the third-order distortion
mode from the filter 11A.

[0062] The series-divided resonators 41a and 415 are con-
nected to the terminal 155 at positions closer to the terminal
15b than the series arm resonators 42 and 43 and the parallel
arm resonators 51 and 52.
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[0063] This can reduce the power density of a resonator
connected at the closest position to the terminal 155. A
radio-frequency signal to be output from the filter 11A
toward the terminal 155 is thus less likely to become non-
linear, thereby making it possible to effectively reduce a
leakage of unwanted waves of distortion modes from the
filter 11A.

[0064] Subpart FIG. 4(a) of FIG. 4 is a circuit diagram of a
filter 12A according to the first embodiment. Subpart FIG. 4
(b) of FIG. 4 illustrates the multilayer structure of series arm
resonators 45 and 46 adjacent to each other. The filter 12A 1s
an example of the second filter and includes series arm reso-
nators 45, 46, and 47 and parallel arm resonators 55 and 56.
[0065] Each of the series arm resonators 45 through 47 is
an example of a second series arm resonator and is disposed
on a second series arm path connecting the terminal 15¢ and
the radio-frequency input terminal 120. Each of the parallel
arm resonators S5 and 56 is an example of a second parallel
arm resonator and the parallel arm resonators 55 and 56 are
disposed on individual second parallel arm paths connecting
the second series arm path and a ground.

[0066] The series arm resonators 45 through 47 and the
parallel arm resonators 55 and 56 forming the filter 12A
are all FBARs or all SMRs. Each of the series arm resona-
tors 45 through 47 and the parallel arm resonators 55 and 56
includes a Si substrate 116 (second support substrate), a bot-
tom electrode 111 (second bottom electrode) disposed above
the Si substrate 116, a top electrode 113 (second top elec-
trode) disposed above the bottom electrode 111, and a piezo-
electric layer 112 (second piezoelectric layer) disposed
between the bottom electrode 111 and the top electrode 113.
[0067] As illustrated in subpart FIG. 4(b) of FIG. 4, the
bottom electrodes 111 of the series arm resonators 45 and
46 which are directly connected to each other on the second
series arm path are directly connected to each other. In other
words, the bottom electrodes 111 of the series arm resona-
tors 45 and 46 directly connected to each other on the sec-
ond series arm path are formed by one electrode. With this
configuration, the crystal forming the piezoelectric layer 112
formed between the bottom electrode 111 and the top elec-
trode 113 is oriented on the bottom electrode 111 along the ¢
axis (direction from the bottom electrode 111 to the top elec-
trode 113), for example. In the filter 12A, for example, a
radio-frequency signal in the series arm resonator 45 flows
in a direction from the top electrode 113 to the bottom elec-
trode 111, while a radio-frequency signal in the series arm
resonator 46 flows in a direction from the bottom electrode
111 to the top electrode 113. That is, the polarization direc-
tion for the flowing of a radio-frequency signal in the series
arm resonator 45 is opposite to that in the series arm reso-
nator 46. The series arm resonators 45 and 46 can thus pro-
pagate an acoustic wave by canceling out distortions of
even-order distortion modes occurring between the series
arm resonators 45 and 46 each other. The filter 12A is thus
able to effectively reduce a leakage of unwanted waves of
the second- and fourth-order distortion modes from the filter
12A.

[0068] The series arm resonators 45 and 46 having the
above-described electrode configuration are connected to
the terminal 15¢ at positions closer to the terminal 15¢
than the series arm resonator 47.

[0069] It is thus possible to effectively reduce a leakage of
unwanted waves of the second- and fourth-order distortion
modes that are generated in a resonator connected to the
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terminal 15c¢ at a position closer to the terminal 15¢ than the
other resonators.

[0070] In the multiplexer 10 according to the first embodi-
ment, the filter 11 A is capable of effectively reducing a leak-
age of unwanted waves of the third-order distortion mode,
while the filter 12A is capable of effectively reducing a leak-
age of unwanted waves of the second- and fourth-order dis-
tortion modes. The multiplexer 10 is thus able to reduce the
occurrence of unwanted waves of multiple major distortion
modes.

[0071] In the above-described configuration of the filter
12A, instead of forming the bottom electrodes 111 of the
series arm resonators 45 and 46 directly connected to each
other on the second series arm path by using one electrode,
the top electrodes 113 of the series arm resonators 45 and 46
may be formed by using one electrode.

[0072] Alternatively, in the filter 12A, the bottom electro-
des 111 or the top electrodes 113 of the series arm resonators
46 and 47 directly connected to each other on the second
series arm path may be formed by using one electrode.
[0073] Alternatively, in the filter 12A, the top electrode
113 or the bottom electrode 111 of the parallel arm resonator
55 directly connected to one end of the series arm resonator
46 and that of the parallel arm resonator 56 directly con-
nected to the other end of the series arm resonator 46 may
be formed by using one electrode. In this case, the top elec-
trodes 113 or the bottom electrodes 111 of the parallel arm
resonators 55 and 56 directly connected to each other are
connected to a ground.

[0074] With this configuration, in the filter 12A, for exam-
ple, a radio-frequency signal in the parallel arm resonator 55
flows in a direction from the top electrode 113 to the bottom
electrode 111, while a radio-frequency signal in the parallel
arm resonator 56 flows in a direction from the bottom elec-
trode 111 to the top electrode 113. That is, the polarization
direction for the flowing of a radio-frequency signal in the
parallel arm resonator S5 is opposite to that in the parallel
arm resonator 56. The parallel arm resonators 55 and 56 can
thus propagate an acoustic wave by canceling out distortions
of even-order distortion modes occurring between the paral-
lel arm resonators 55 and 56 each other. The filter 12A is
thus able to effectively reduce a leakage of unwanted waves
of the second- and fourth-order distortion modes from the
filter 12A.

[0075] The parallel arm resonators 55 and 56 having the
above-described electrode configuration may be connected
to the terminal 15¢ at positions closer to the terminal 15¢
than the other parallel arm resonators.

[0076] This makes it possible to effectively reduce a leak-
age of unwanted waves of the second- and fourth-order dis-
tortion modes from a resonator connected to the terminal
15c¢ at a position closer to the terminal 15¢ than the other
resonators.

[0077] Subpart FIG. 5(a) of FIG. § is a circuit diagram of a
filter 12B according to a modified example of the first embo-
diment. Subpart FIG. 5(b) of FIG. § illustrates the multilayer
structure of parallel-divided resonators 45a and 45b. The
filter 12B is an example of the second filter and includes
the parallel-divided resonators 45a and 45b, series arm reso-
nators 46 and 47, and parallel arm resonators 55 and 56.
[0078] Each of the parallel-divided resonators 45a¢ and
45b and the series arm resonators 46 and 47 is an example
of the second series arm resonator and is disposed on the
second series arm path connecting the terminal 15¢ and the
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radio-frequency input terminal 120. Each of the parallel arm
resonators 55 and 56 is an example of the second parallel
arm resonator and the parallel arm resonators 55 and 56 are
disposed on individual second parallel arm paths connecting
the second series arm path and a ground. The parallel-
divided resonators 45a and 455 are resonators obtained by
dividing one series arm resonator in parallel.

[0079] The parallel-divided resonators 45a and 45b, the
series arm resonators 46 and 47, and the parallel arm reso-
nators 55 and 56 forming the filter 12B are all FBARSs or all
SMRs. Each of the parallel-divided resonators 45a and 455,
the series arm resonators 46 and 47, and the parallel arm
resonators 55 and 56 includes a Si substrate 116 (second
support substrate), a bottom electrode 111 (second bottom
electrode) disposed above the Si substrate 116, a top elec-
trode 113 (second top electrode) disposed above the bottom
electrode 111, and a piezoelectric layer 112 (second piezo-
electric layer) disposed between the bottom electrode 111
and the top electrode 113.

[0080] As illustrated in subpart FIG. 5(b) of FIG. 5, the
top electrode 113 of the parallel-divided resonator 454 and
the bottom electrode 111 of the parallel-divided resonator
45b are connected to each other. The bottom electrode 111
of the parallel-divided resonator 45a and the top electrode
113 of the parallel-divided resonator 455 are also connected
to each other. With this configuration, the crystal forming
the piezoelectric layer 112 formed between the bottom elec-
trode 111 and the top electrode 113 is oriented on the bottom
electrode 111 along the ¢ axis (direction from the bottom
electrode 111 to the top electrode 113), for example. In the
filter 12B, for example, a radio-frequency signal in the par-
allel-divided resonator 454 flows in a direction from the bot-
tom electrode 111 to the top electrode 113, while a radio-
frequency signal in the parallel-divided resonator 45h
flows in a direction from the top electrode 113 to the bottom
electrode 111. That is, the polarization direction for the
flowing of a radio-frequency signal in the parallel-divided
resonator 45a is opposite to that in the parallel-divided reso-
nator 45b. The parallel-divided resonators 45a and 45b can
thus propagate an acoustic wave by canceling out distortions
of even-order distortion modes occurring between the paral-
lel-divided resonators 45a and 45b each other. The filter 12B
is thus able to effectively reduce a leakage of unwanted
waves of the second- and fourth-order distortion modes
from the filter 12B.

[0081] In the multiplexer 10 according to the modified
example of the first embodiment, the filter 11A is capable
of effectively reducing a leakage of unwanted waves of the
third-order distortion mode, while the filter 12B is capable
of effectively reducing a leakage of unwanted waves of the
second- and fourth-order distortion modes. The multiplexer
10 of the modified example is thus able to reduce the occur-
rence of unwanted waves of multiple major distortion
modes.

[0082] The parallel-divided resonators 45a and 45b are
connected to the terminal 15¢ at positions closer to the term-
inal 15¢ than the series arm resonators 46 and 47 and the
parallel arm resonators 55 and 56.

[0083] It is thus possible to effectively reduce a leakage of
unwanted waves of the second- and fourth-order distortion
modes that are generated in a resonator connected to the
terminal 15¢ at a position closer to the terminal 15¢ than
the other resonators.
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[0084] In the above-described configuration of the filter
12B, at least one of the series arm resonators 46 and 47
and the parallel arm resonators 55 and 56 may be constituted
by two parallel-divided resonators, and the top electrode 113
of one of the parallel-divided resonators and the bottom
electrode 111 of the other one of the parallel-divided reso-
nators may be connected to each other.

[0085] This enables the filter 12B to effectively reduce a
leakage of unwanted waves of the second- and fourth-order
distortion modes from the filter 12B.

[0086] In the multiplexer 10 according to the first embodi-
ment, the relative dielectric constant of the piezoelectric
layer 112 (first piezoelectric layer) of a BAW resonator
forming the filter 11A may be lower than that of the piezo-
electric layer 112 (second piezoelectric layer) of a BAW
resonator forming the filter 12A. An example of the first
piezoelectric layer having a lower relative dielectric con-
stant than the second piezoelectric layer is a piezoelectric
layer containing aluminum nitride. An example of the sec-
ond piezoelectric layer having a higher relative dielectric
constant than the first piezoelectric layer is a piezoelectric
layer containing lithium niobate or lithium tantalate.

[0087] Dividing a BAW resonator of the filter 11A in ser-
ies can increase the area of the BAW resonator, thereby
enhancing the electric power handling capability. On the
other hand, increasing the relative dielectric constant of the
piezoelectric layer 112 of the filter 12A to a higher level than
that of the filter 11A can decrease the area of the BAW reso-
nator forming the filter 12A. With this configuration, the
multiplexer 10 can reduce the occurrence of unwanted
waves of multiple major distortion modes without making
the total area of the filters 11A and 12A large.

Second Embodiment

[0088] In a multiplexer according to a second embodi-
ment, more filters are connected to the same antenna con-
necting terminal 100 than those in the multiplexer 10
according to the first embodiment.

2.1 Circuit Configurations of Multiplexer 10A, Radio-
Frequency Module 1A, and Communication Apparatus SA

[0089] FIG. 6 is a circuit block diagram of a multiplexer
10A, a radio-frequency module 1A, and a communication
apparatus 5A according to the second embodiment. As illu-
strated in FIG. 6, the communication apparatus SA includes
the radio-frequency module 1A, an antenna 2, an RFIC 3,
and a BBIC 4. The communication apparatus SA according
to the second embodiment is different from the communica-
tion apparatus § according to the first embodiment only in
the configuration of the radio-frequency module 1A. The
configuration of the radio-frequency module 1A will be dis-
cussed below.

[0090] As illustrated in FIG. 6, the radio-frequency mod-
ule 1A includes the multiplexer 10A, power amplifiers 21
and 22, a low-noise amplifier 31, radio-frequency input
terminals 110 and 120, and a radio-frequency output term-
inal 130. The radio-frequency module 1A of the second
embodiment is different from the radio-frequency module
1 of the first embodiment in that the configuration of the
multiplexer 10A is different and that the radio-frequency
output terminal 130 and the low-noise amplifier 31 are
added. The multiplexer 10A of the second embodiment
will be described below with reference to FIG. 6 mainly
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by referring to the points different from the multiplexer 10
of the first embodiment while omitting an explanation of the
components configured similarly to those of the multiplexer
10.

[0091] The radio-frequency output terminal 130 is a term-
inal for outputting a radio-frequency received signal to the
outside of the radio-frequency module 1A.

[0092] The multiplexer 10A includes filters 11, 12, and 13,
a switch 16, and an antenna connecting terminal 100.
[0093] The filter 13 is an example of a third filter. The
filter 13 is connected to the antenna connecting terminal
100 via the switch 16 and has a third pass band including a
third band.

[0094] The third band refers to a frequency band defined
by a standardizing body (such as 3GPP and IEEE) for a
communication system to be constructed using a RAT. In
the second embodiment, as the communication system, an
LTE system, a 5G-NR system, and a WLAN system, for
example, may be used. However, the communication system
is not limited to these types of systems.

[0095] The switch 16 has three SPST switch elements.
One of the terminals of each of the switch elements is con-
nected to the antenna connecting terminal 100. The other
respective terminals of the switch elements are connected
to the filters 11, 12, and 13. With this configuration, based
on a control signal from the RFIC 3, for example, the switch
16 selectively connects or disconnects the antenna connect-
ing terminal 100 to or from the filter 11, selectively connects
or disconnects the antenna connecting terminal 100 to or
from the filter 12, and selectively connects or disconnects
the antenna connecting terminal 100 to or from the filter
13. The number of switch elements of the switch 16 is sui-
tably set in accordance with the number of filters of the mul-
tiplexer 10A.

[0096] The low-noise amplifier 31 is connected between
the filter 13 and the radio-frequency output terminal 130.
The low-noise amplifier 31 is able to amplify a received
signal input from the antenna connecting terminal 100 and
output from the filter 13.

[0097] In the multiplexer 10A, the provision of the switch
16 may be omitted. In this case, the filters 11, 12, and 13
may be directly connected to the antenna connecting term-
inal 100.

[0098] An impedance matching circuit may be inserted
between the filter 13 and the low-noise amplifier 31. An
impedance matching circuit may be inserted between the
antenna connecting terminal 100 and the filter 13.

[0099] The filter 13 may be any one of a SAW filter, a
BAW filter, an LC resonance filter using an inductor and a
capacitor, a hybrid filter using an acoustic wave resonator,
an inductor, and a capacitor, and a dielectric filter. The filter
13 may be a filter other than these types of filters.

2.2 Signal Distortion Resistance of Multiplexer 10A

[0100] In the radio-frequency module 1A, when a first
sending signal (frequency f1) of the first band output from
the power amplifier 21 and a second sending signal (fre-
quency 12) of the second band output from the power ampli-
fier 22 are being transmitted simultaneously, the sending
signal from one of the amplifiers 21 and 22 may leak to
the other one of the amplifiers 22 and 21 (or the correspond-
ing filter 12 or 11). Then, the sending signal from the ampli-
fier 21 or 22 having leaked to the other amplifier 22 or 21 (or
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the filter 12 or 11) and the sending signal of the other ampli-
fier 22 or 21 (or the filter 12 or 11) are mixed in the filter 12
or 11 and the amplifier 22 or 21, thereby causing the occur-
rence of intermodulation distortion (hereinafter may simply
be called IMD). Additionally, the first sending signal output
from the power amplifier 21 causes the occurrence of har-
monic distortion (hereinafter may simply be called HD) due
to the nonlinear operation of the power amplifier 21 and the
filter 11. The second sending signal output from the power
amplifier 22 also causes the occurrence of HD due to the
nonlinear operation of the power amplifier 22 and the filter
12. The IMD and the HD will collectively be called
unwanted waves of distortion modes. Among unwanted
waves of distortion modes, the power level of unwanted
waves of the second-, third-, and fourth-order distortion
modes are higher than that of unwanted waves of the other
orders.

[0101] If a signal having the frequency of an unwanted
wave of one of major distortion modes, that is, the second-
, third-, and fourth-order distortion modes, flows into the
signal path of the radio-frequency module 1A, the radio-fre-
quency module 1A fails to satisfy a predetermined level of
the signal quality or the receive sensitivity of the radio-fre-
quency module 1A is lowered.

[0102] To address unwanted waves of the above-described
major distortion modes, the multiplexer 10A has the follow-
ing characteristics.

[0103] The filter 11 is capable of reducing the occurrence
of unwanted waves of the third-order distortion mode. The
filter 12 is capable of reducing the occurrence of unwanted
waves of the second- and fourth-order distortion modes.

2.3 Signal Propagation State of Radio-Frequency Module
1A

[0104] FIG. 7A illustrates a propagation state of a sending
signal and an unwanted wave of the fourth-order distortion
mode in the radio-frequency module 1A of the second
embodiment. More specifically, FIG. 7A illustrates a state
in which the first sending signal (frequency fl) output
from the power amplifier 21 flows into the filter 12 or the
power amplifier 22 via the switch 16, thereby generating
IMD4 (2x£1-2x12), together with the second sending signal
(frequency f2) output from the power amplifier 22. The fre-
quency of IMD4 is included in the second pass band of the
filter 12. An unwanted wave of IMD4 is thus output from the
antenna connecting terminal 100, together with the second
sending signal. As described above, however, the filter 12
constituted by one or more BAW resonators is capable of
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reducing the occurrence of unwanted waves of the second-
and fourth-order distortion modes. The above-described
unwanted wave of IMD4 is thus less likely to output from
the filter 12.

[0105] FIG. 7B illustrates a propagation state of a sending
signal and an unwanted wave of the third-order distortion
mode in the radio-frequency module 1A of the second
embodiment. More specifically, FIG. 7B illustrates a state
in which the second sending signal (frequency f2) output
from the power amplifier 22 flows into the filter 11 or the
power amplifier 21 via the switch 16, thereby generating
IMD3 (2x12-f1), together with the first sending signal (fre-
quency fl1) output from the power amplifier 21. The fre-
quency of IMD3 is included in the third pass band of the
filter 13. An unwanted wave of IMD3 thus flows into the
low-noise amplifier 31 via the switch 16 and the filter 13.
As described above, however, the filter 11 constituted by
one or more BAW resonators is capable of reducing the
occurrence of unwanted waves of the third-order distortion
mode. The above-described unwanted wave of IMD3 is thus
less likely to output from the filter 11.

[0106] That is, in the multiplexer 10A according to the
second embodiment, the frequency of an unwanted wave
of the second- or fourth-order distortion mode, which is gen-
erated when the first sending signal of the first band and the
second sending signal of the second band are simulta-
neously transmitted, is included in at least one of the first
pass band, second pass band, and third pass band. Addition-
ally, the frequency of an unwanted wave of the third-order
distortion mode, which is generated when the first sending
signal of the first band and the second sending signal of the
second band are simultaneously transmitted, is included in
at least one of the first pass band, second pass band, and
third pass band.

[0107] Nevertheless, the multiplexer 10A includes the fil-
ter 12 having a higher capability to reduce the occurrence of
unwanted waves of the second- and fourth-order distortion
modes than the filter 11 and also includes the filter 11 having
a higher capability to reduce the occurrence of unwanted
waves of the third-order distortion mode than the filter 12.
The multiplexer 10A can thus smoothen and reduce
unwanted waves of multiple major (second-, third-, and
fourth-order) distortion modes.

[0108] Table 1 illustrates examples of the combination of
the first band, second band, and third band (or fourth band)
and IMD2, IMD3, and IMD4 that are generated in accor-
dance with the combination of the first band, second band,
and third band (or fourth band).

TABLE 1
Second
First band band 2 Third band or
Example fl GHz GHz fourth band IMD?2 (GHz) IMD3 (GHz) IMD4 (GHz)

1 n46 5.55 n77 n78 B3 ®B3-Rx(fl-2) ®B3-Rx(2f2-f1)  en77/n78(2f1-2f2) 3.7
3.7 1.85(5.55-3.7) 1.85(2%3.7-5.55)  (2x5.55-2x3.7) end6
(3f2-f1) 5.55(3x3.7-

5.55)

2 n46 5.8 n77 3.85 B2 oB2-Rx(fl-2) oB2-Tx(22-f1) on77(2f1-212) 3.9

1.95(5.8-3.85) 1.9(2x3.85-5.8)  (2x5.8-2x3.85) end6
(3f2-f1) 5.75(3x3.85-

5.8)
3 n77 3.84 n4l1 2.5 n46 ond6 (2f1-f2) 5.18  endl (2f1-2f2) 2.68

(2x3.84-2.5)  (2x3.84-2x2.5) en77
(3£2-f1) 3.66(3%2.5-

3.84)
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TABLE 1-continued
Second
First band band 2 Third band or
Example fl GHz GHz fourth band IMD?2 (GHz) IMD3 (GHz) IMD4 (GHz)
4 nd4l 2.5 n40 2.4 n79 on40(2f2-f1) 2.3 on79(32-f1) 4.7
(2x2.4-2.5) en4l (3x2.4-2.5)
(2f1-£2) 2.6(2x2.5-
2.4)
5 n79 4.8 n77 n78  WLAN n40 ond0(22-f1) 2.4 on40(2f1-212) 2.4
3.6 (2%3.6-4.8) (2x4.8-2x3.6)
eWLAN(2{1-f2) eWLAN(3f2-f1) 6.0
6.0(2x4.8-3.6) (3%3.6-4.8)
6 n46 5.26 n77 4.2 WLAN B1 eWLAN(2{1-12) eBIRx(2f1-2{2) 2.12
6.32(2x5.26-4.2) (2x5.26-2x4.2)
7 n46 5.78 n79 4.9 WLAN n77 on77(22-f1) 4.02  eB1Tx(2f1-212) 1.76
B1 (2x4.9-5.78) (2x5.78-2x4.9)
O WLAN(2f1-2)
6.66(2%5.78-4.9)
8 n96 6.28 n46 5.2 n77 Bl on77(212-f1) 412  eBIRx(2f1-212) 2.16

(2x5.2-6.28)

(2%6.28-2x5.2)

[0109] Inexample 1 shown in Table 1, the first band is 5G-
NR n46 (5.150 to 5.925 GHz), the second band is SG-NR
n77 (3.3 to 4.2 GHz) or 5G-NR n78 (3.3 to 3.8 GHz), and
the third band is LTE Band 3. In example 1, when the first
sending signal and the second sending signal are simulta-
neously transmitted, IMD2, IMD3, and IMD4 are generated.
The frequency of IMD2 is included in the third band. The
frequency of IMD3 is included in the third band. The fre-
quencies of IMD4 are included in the first band and the sec-
ond band.

[0110] In example 2 shown in Table 1, the first band is 5G-
NR n46, the second band is 5G-NR n77, and the third band
is LTE Band 2. In example 2, when the first sending signal
and the second sending signal are simultaneously trans-
mitted, IMD2, IMD3, and IMD4 are generated. The fre-
quency of IMD?2 is included in the third band. The fre-
quency of IMD3 is included in the third band. The
frequencies of IMD4 are included in the first band and the
second band.

[0111] In example 3 shown in Table 1, the first band is 5G-
NR n77, the second band is 5G-NR n4l (2.496 to
2.690 GHz), and the third band is 5G-NR n46. In example
3, when the first sending signal and the second sending sig-
nal are simultaneously transmitted, IMD3 and IMD4 are
generated. The frequency of IMD3 is included in the third
band. The frequencies of IMD4 are included in the first band
and the second band.

[0112] In example 4 shown in Table 1, the first band is 5G-
NR n41, the second band is 5G-NR n40 (2.3 to 2.4 GHz),
and the third band is 5G-NR n79 (4.4 to 5.0 GHz). In exam-
ple 4, when the first sending signal and the second sending
signal are simultaneously transmitted, IMD3 and IMD4 are
generated. The frequencies of IMD3 are included in the first
band and the second band. The frequency of IMD4 is
included in the third band.

[0113] Inexample 5 shown in Table 1, the first band is 5G-
NR n79, the second band is 5G-NR n77 or 5G-NR n78, and
the third band is 5G-NR n40 or WLAN. In example 5, when
the first sending signal and the second sending signal are
simultaneously transmitted, IMD3 and IMD4 are generated.
The frequency of IMD3 is included in the third band. The
frequency of IMD4 is included in the third band.

[0114] In addition to the filters 11, 12, and 13, the multi-
plexer 10A of the second embodiment may include a fourth
filter connected to the antenna connecting terminal 100 and
having a fourth pass band including a fourth band. The fre-
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quency of an unwanted wave of the second- or fourth-order
distortion mode, which is generated when the first sending
signal of the first band and the second sending signal of the
second band are simultaneously transmitted, may be
included in at least one of the first pass band, second pass
band, third pass band, and fourth pass band. The frequency
of an unwanted wave of the third-order distortion mode,
which is generated when the first sending signal of the first
band and the second sending signal of the second band are
simultaneously transmitted, may be included in at least one
of the first pass band, second pass band, third pass band, and
fourth pass band.

[0115] With the above-described configuration, too, the
multiplexer 10A can reduce unwanted waves of multiple
major (second-, third-, and fourth-order) distortion modes.
[0116] In the above-described configuration, in example 6
shown in Table 1, the first band is 5G-NR n46, the second
band is 5G-NR n77 or 5G-NR n78, the third band is WLAN,
and the fourth band is LTE Band 1. In example 6, when the
first sending signal and the second sending signal are simul-
taneously transmitted, IMD3 and IMD4 are generated. The
frequency of IMD3 is included in the third band. The fre-
quency of IMD4 is included in the fourth band.

[0117] Inexample 7 shown in Table 1, the first band is 5G-
NR n46, the second band 1s 5G-NR n79, the third band is
WLAN or 5G-NR n77, and the fourth band 1s LTE Band 1.
In example 7, when the first sending signal and the second
sending signal are simultaneously transmitted, IMD3 and
IMD4 are generated. The frequency of IMD3 is included
in the third band. The frequency of IMD4 is included in
the fourth band.

[0118] Inexample 8 shown in Table 1, the first band is 5G-
NR n96 (5.925 to 6.425 GHz), the second band is 5G-NR
n46, the third band is 5G-NR n77, and the fourth band is
LTE Band 1. In example 8, when the first sending signal
and the second sending signal are simultaneously trans-
mitted, IMD3 and IMD4 are generated. The frequency of
IMD3 is included in the third band. The frequency of
IMD4 is included in the fourth band.

2.4 SMR BAW Filter

[0119] The structure of a multiplexer 10B according to a
modified example of the second embodiment whose first fil-
ter (filter 13A) is constituted by one or more SMR BAW
resonators will now be discussed below.
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[0120] FIG. 8 is a circuit diagram of the multiplexer 10B
according to a modified example of the second embodiment.
As illustrated in FIG. 8, the multiplexer 10B includes filters
13A, 12, and 13, a switch 16, and an antenna connecting
terminal 100. The multiplexer 10B of the modified example
of the second embodiment is different from the multiplexer
10A of the second embodiment only in the configuration of
the filter 13A (first filter), which is a BAW filter. The multi-
plexer 10B of the modified example will be described below
with reference to FIG. 8 mainly by referring to the points
different from the multiplexer 10A of the second embodi-
ment while omitting an explanation of the components con-
figured similarly to those of the multiplexer 10A.

[0121] The filter 13A, which is an example of the first fil-
ter, includes a capacitor element 40, series arm resonators 42
and 43, series-divided resonators 51a and 515, and a parallel
arm resonator 52.

[0122] Each of the series arm resonators 42 and 43 is an
example of the first series arm resonator and is disposed on a
first series arm path connecting a first selection terminal of
the switch 16 and the radio-frequency input terminal 110.
Each of the series-divided resonators Sla and 515 is an
example of the first parallel arm resonator. The series-
divided resonators 51a and 515 are resonators obtained by
dividing one parallel arm resonator in series and are dis-
posed on a first parallel arm path connecting the first series
arm path and a ground. The parallel arm resonator 52 is an
example of the first parallel arm resonator and is disposed on
another first parallel arm path connecting the first series arm
path and a ground. Each of the series arm resonators 42 and
43, the series-divided resonators S1a and 515, and the par-
allel arm resonator 52 is an SMR.

[0123] The capacitor element 40 is connected between the
first selection terminal of the switch 16 and resonators (ser-
ies arm resonator 42 and series-divided resonator Sla),
which are connected to the first selection terminal of the
switch 16 at positions closer to the first selection terminal
than the series arm resonator 43, the series-divided resonator
51b, and the parallel arm resonator 52.

[0124] The capacitor element 40, which has a lower non-
linearity than acoustic wave resonators, is disposed most
closely to the antenna connecting terminal 100. Arranging
the capacitor element 40 in this manner can effectively
reduce a leakage of unwanted waves of distortion modes
from the filter 13A toward the antenna connecting terminal
100.

[0125] Ifthe filter 12 is an SMR, a capacitor element of the
filter 12 may be connected between a second selection term-
inal of the switch 16 and a resonator which is connected to
the second selection terminal at a position closer to the sec-
ond selection terminal than the other resonators forming the
second series arm resonators and the second parallel arm
resonators of the filter 12.

[0126] This makes it possible to effectively reduce a leak-
age of unwanted waves of distortion modes from the filter
12 toward the antenna connecting terminal 100.

2.5 Layout of Radio-Frequency Module 1A

[0127] The arrangement layout of circuit components
forming the radio-frequency module 1A will be discussed
below.

[0128] FIG. 9 is a schematic plan view illustrating the
arrangement layout of the filter 13A (first filter), the filter
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13B (second filter), and the power amplifiers 21 and 22 of
the radio-frequency module 1A according to the second
embodiment.

[0129] As illustrated in FIG. 9, the radio-frequency mod-
ule 1A includes a module laminate 60 in addition to the
components of the radio-frequency module 1A shown in
FIG. 6.

[0130] The module laminate 60 is a substrate used for
mounting the filters 13A and 13B and the power amplifiers
21 and 22 on its main surface. Examples of the module lami-
nate 60 are a low temperature co-fired ceramics (LTCC)
substrate, a high temperature co-fired ceramics (HTCC)
substrate, a component-embedded board, a substrate having
a redistribution layer (RDL), and a printed substrate, each of
which has a multilayer structure constituted by plural dielec-
tric layers.

[0131] The filter 13A is an example of the first filter, and
the BAW resonator forming the filter 13A is an SMR. The
filter 13B is an example of the second filter, and the BAW
resonator forming the filter 13B is an FBAR.

[0132] As illustrated in FIG. 9, when the main surface of
the module laminate 60 is viewed from above, the distance
Db between the filter 13A and the power amplifier 22 is
smaller than the distance Ds between the filter 13B and the
power amplifier 22.

[0133] The heat dissipation characteristics of the filter 13B
constituted by an FBAR are lower than those of the filter
13A constituted by an SMR. That is, when a sending signal
is transmitted, the temperature is more likely to rise in the
filter 13B than in the filter 13A. With the above-described
layout of the radio-frequency module 1A, the distance
between the filter 13B and the power amplifier 22 is rela-
tively large, thereby making it possible to regulate a tem-
perature rise of the filter 13B responding to a temperature
rise of the radio-frequency module 1A caused by heat gen-
erated in the power amplifier 22 to a smaller level. The
radio-frequency module 1A is thus able to achieve signal
transmission with a smaller loss by suppressing the degrada-
tion of the characteristics caused by a temperature rise.
[0134] The filters 13A and 13B may be stacked on each
other in the same package. This can reduce the size of the
radio-frequency module 1A. In this case, when the package
1$ seen in cross section, the distance of the filter 13B to the
power amplifier 22 is larger than that of the filter 13A to the
power amplifier 22, thereby making it possible to regulate a
temperature rise in the filter 13B to a smaller level. Alterna-
tively, the filter 13A is placed at a position closer to the sur-
face to be mounted on the module laminate 60 than the filter
13B is, so that the distance of the filter 13B to the power
amplifier 22 becomes larger than that of the filter 13A to
the power amplifier 22. This can regulate a temperature
rise in the filter 13B to a smaller level.

[0135] In the modified example of the second embodi-
ment, the first filter is constituted by an SMR, while the
second filter is constituted by an FBAR. Alternatively, the
first filter may be constituted by an FBAR, while the second
filter may be constituted by an SMR. In this case, when the
main surface of the module laminate 60 is viewed from
above, the distance Db between the second filter and the
power amplifier 22 is smaller than the distance Ds between
the first filter and the power amplifier 22.

[0136] This makes it possible to regulate a temperature
rise of the first filter responding to a temperature rise of
the radio-frequency module 1A caused by heat generated
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in the power amplifier 22 to a smaller level. The radio-fre-
quency module 1A is thus able to achieve signal transmis-
sion with a smaller loss.

Advantages and Others

[0137] The multiplexer 10 according to an embodiment
includes the filters 11 and 12. The filter 11 is connected to
the antenna connecting terminal 100 and has a first pass
band including a first band which can be used for sending
a signal. The filter 12 is connected to the antenna connecting
terminal 100 and has a second pass band including a second
band which can be used for sending a signal. The filter 11
includes a first series arm resonator and a first parallel arm
resonator. The first series arm resonator is disposed on a first
series arm path connecting the antenna connecting terminal
100 and the radio-frequency input terminal 110. The first
parallel arm resonator is disposed on a first parallel arm
path connecting the first series arm path and a ground.
Each of the first series arm resonator and the first parallel
arm resonator includes the Si substrate 116, the bottom elec-
trode 111 disposed above the Si substrate 116, the top elec-
trode 113 disposed above the bottom electrode 111, and the
piezoelectric layer 112 disposed between the bottom elec-
trode 111 and the top electrode 113. At least one of resona-
tors forming the first series arm resonator and the first par-
allel arm resonator is constituted by the series-divided
resonators 41a and 415 connected in series with each
other. The filter 12 includes plural second series arm reso-
nators and a second parallel arm resonator. The plural sec-
ond series arm resonators are disposed on a second series
arm path connecting the antenna connecting terminal 100
and the radio-frequency input terminal 120. The second par-
allel arm resonator is disposed on a second parallel arm path
connecting the second series arm path and a ground. Each of
the plural second series arm resonators and the second par-
allel arm resonator includes the Si substrate 116, the bottom
electrode 111 disposed above the Si substrate 116, the top
electrode 113 disposed above the bottom electrode 111, and
the piezoelectric layer 112 disposed between the bottom
electrode 111 and the top electrode 113. Regarding the two
adjacent series arm resonators 45 and 46 of the plural second
series arm resonators, the top electrodes 113 or the bottom
electrodes 111 of the series arm resonators 45 and 46 are
formed by one electrode.

[0138] With the above-described configuration, the filter
11 is capable of effectively reducing a leakage of unwanted
waves of the third-order distortion mode, while the filter 12
is capable of effectively reducing a leakage of unwanted
waves of the second- and fourth-order distortion modes.
The multiplexer 10 is thus able to reduce the occurrence of
unwanted waves of multiple major distortion modes.
[0139] The multiplexer 10 according to an embodiment
includes the filters 11 and 12. The filter 11 is connected to
the antenna connecting terminal 100 and has a first pass
band including a first band which can be used for sending
a signal. The filter 12 is connected to the antenna connecting
terminal 100 and has a second pass band including a second
band which can be used for sending a signal. The filter 11
includes a first series arm resonator disposed on a first series
arm path and a first parallel arm resonator disposed on a first
parallel arm path. The filter 12 includes a second series arm
resonator disposed on a second series arm path and plural
second parallel arm resonators disposed on individual sec-
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ond parallel arm paths. Each of the second series arm reso-
nator and the plural second parallel arm resonators includes
the Si substrate 116, the bottom electrode 111 disposed
above the Si substrate 116, the top electrode 113 disposed
above the bottom electrode 111, and the piezoelectric layer
112 disposed between the bottom electrode 111 and the top
electrode 113. Among the plural second parallel arm reso-
nators, regarding the parallel arm resonator 55 directly con-
nected to one end of the series arm resonator 46 and the
parallel arm resonator 56 directly connected to the other
end of the series arm resonator 46, the top electrodes 113
or the bottom electrodes 111 of the parallel arm resonators
55 and 56 are formed by one electrode.

[0140] With the above-described configuration, the filter
11 is capable of effectively reducing a leakage of unwanted
waves of the third-order distortion mode, while the filter 12
is capable of effectively reducing a leakage of unwanted
waves of the second- and fourth-order distortion modes.
The multiplexer 10 is thus able to reduce the occurrence of
unwanted waves of multiple major distortion modes.

[0141] The multiplexer 10 according to an embodiment
includes the filters 11 and 12. The filter 11 is connected to
the antenna connecting terminal 100 and has a first pass
band including a first band which can be used for sending
asignal. The filter 12 is connected to the antenna connecting
terminal 100 and has a second pass band including a second
band which can be used for sending a signal. The filter 11
includes a first series arm resonator disposed on a first series
arm path and a first parallel arm resonator disposed on a first
parallel arm path. The filter 12 includes a second series arm
resonator disposed on a second series arm path and a second
parallel arm resonator disposed on a second parallel arm
path. At least one of resonators forming the second series
arm resonator and the second parallel arm resonator is con-
stituted by the parallel-divided resonators 454 and 455 con-
nected in parallel with each other. Each of the second series
arm resonator and the second parallel arm resonator
includes the Si substrate 116, the bottom electrode 111 dis-
posed above the Si substrate 116, the top electrode 113 dis-
posed above the bottom electrode 111, and the piezoelectric
layer 112 disposed between the bottom electrode 111 and the
top electrode 113. The top electrode 113 of the parallel-
divided resonator 45« and the bottom electrode 111 of the
parallel-divided resonator 454 are connected to each other.
[0142] With the above-described configuration, the filter
11 is capable of effectively reducing a leakage of unwanted
waves of the third-order distortion mode, while the filter 12
is capable of effectively reducing a leakage of unwanted
waves of the second- and fourth-order distortion modes.
The multiplexer 10 is thus able to reduce the occurrence of
unwanted waves of multiple major distortion modes.

[0143] The multiplexer 10A may further include the filter
13 connected to the antenna connecting terminal 100 and
having a third pass band including a third band. The fre-
quency of an unwanted wave of the second- or fourth-
order distortion mode, which is generated when a first send-
ing signal of the first band and a second sending signal of the
second band are simultaneously transmitted, may be
included in at least one of the first pass band, second pass
band, and third pass band. The frequency of an unwanted
wave of the third-order distortion mode, which is generated
when the first sending signal of the first band and the second
sending signal of the second band are simultaneously trans-
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mitted, may be included in at least one of the first pass band,
second pass band, and third pass band.

[0144] With this configuration, the multiplexer 10A
includes the filter 12 having a higher capability to reduce
the occurrence of unwanted waves of the second- and
fourth-order distortion modes than the filter 11 and also
includes the filter 11 having a higher capability to reduce
the occurrence of unwanted waves of the third-order distor-
tion mode than the filter 12. The multiplexer 10A can thus
smoothen and reduce unwanted waves of multiple major
(second-, third-, and fourth-order) distortion modes.

[0145] In the multiplexer 10A, the first band may be 5G-
NR n46, the second band may be 5G-NR n77 or 5G-NR
n78, and the third band may be LTE Band 3.

[0146] In the multiplexer 10A, the first band may be 5G-
NR n46, the second band may be 5G-NR n77, and the third
band may be LTE Band 2.

[0147] In the multiplexer 10A, the first band may be 5G-
NR n77, the second band may be 5G-NR n41, and the third
band may be SG-NR n46.

[0148] In the multiplexer 10A, the first band may be 5G-
NR n41, the second band may be 5G-NR n40, and the third
band may be 5G-NR n79.

[0149] In the multiplexer 10A, the first band may be 5G-
NR n79, the second band may be 5G-NR n77 or 5G-NR
n78, and the third band may be 5G-NR n40 or WLAN.
[0150] In the multiplexer 10, the series-divided resonators
41a and 415 may be connected to the antenna connecting
terminal 100 at positions closer to the antenna connecting
terminal 100 than the other resonators forming the first ser-
ies arm resonator and the first parallel arm resonator.
[0151] This can reduce the power density of a resonator
connected at the closest position to the antenna connecting
terminal 100. A radio-frequency signal to be output from the
filter 11A toward the terminal 156 is thus less likely to
become nonlinear, thereby making it possible to effectively
reduce a leakage of unwanted waves of distortion modes
from the filter 11A.

[0152] In the multiplexer 10, the series arm resonators 45
and 46 may be connected to the antenna connecting terminal
100 at positions closer to the antenna connecting terminal
100 than the other resonators forming the plural second ser-
ies arm resonators.

[0153] This can effectively reduce a leakage of unwanted
waves of the second- and fourth-order distortion modes
from a resonator connected at the closest position to the
antenna connecting terminal 100.

[0154] In the multiplexer 10, the parallel arm resonators
55 and 56 may be connected to the antenna connecting term-
inal 100 at positions closer to the antenna connecting term-
inal 100 than the other resonators forming the plural second
parallel arm resonators.

[0155] This can effectively reduce a leakage of unwanted
waves of the second- and fourth-order distortion modes
from a resonator connected at the closest position to the
antenna connecting terminal 100.

[0156] In the multiplexer 10, the parallel-divided resona-
tors 45a and 45b may be connected to the antenna connect-
ing terminal 100 at positions closer to the antenna connect-
ing terminal 100 than the other resonators forming the
second series arm resonator and the second parallel arm
resonator.

[0157] This can effectively reduce a leakage of unwanted
waves of the second- and fourth-order distortion modes
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from a resonator connected at the closest position to the
antenna connecting terminal 100.

[0158] In the multiplexer 10, the relative dielectric con-
stant of the piezoelectric layer 112 of the filter 11A may be
lower than that of the filter 12A.

[0159] Dividing a BAW resonator of the filter 11A in ser-
ies can increase the area of the BAW resonator, thereby
enhancing the electric power handling capability. On the
other hand, increasing the relative dielectric constant of the
piezoelectric layer 112 of the filter 12A to a higher level than
that of the filter 11 A can decrease the area of the BAW reso-
nator forming the filter 12A. With this configuration, the
multiplexer 10 can reduce the occurrence of unwanted
waves of multiple major distortion modes without making
the total area of the filters 11A and 12A large.

[0160] In the multiplexer 10, each resonator of one of the
filters 11 and 12 may be an FBAR, while each resonator of
the other one of the filters 11 and 12 may be an SMR. The
pass band of one of the filters 11 and 12 whose resonators
are FBARs may be positioned at a lower frequency side than
that of the other one of the filters 11 and 12 whose resonators
are SMRs.

[0161] Forming the filter having a pass band on the lower
frequency side by using an FBAR can reduce unwanted
waves of higher-order modes that may occur in the pass
band of the filter on the higher frequency side. The FBAR
filter can allow the piezoelectric layer 112 to freely vibrate
because of the provision of the cavity 117, thereby enhan-
cing the resonance Q factor and reducing the insertion loss.
It 1s thus possible to reduce the insertion loss of the filters 11
and 12, thereby implementing the small-loss multiplexer 10.
[0162] In the multiplexer 10, the SMR filter, which is one
of the filters 11 and 12, may include the capacitor element 40
that is connected between the antenna connecting terminal
100 and a resonator connected to the antenna connecting
terminal 100 at a position closer to the antenna connecting
terminal 100 than the other resonators forming the series
arm resonator and the parallel arm resonator.

[0163] The capacitor element 40, which has a lower non-
linearity than acoustic wave resonators, is disposed most
closely to the antenna connecting terminal 100. Arranging
the capacitor element 40 in this manner can effectively
reduce a leakage of unwanted waves of distortion modes
from the SMR filter toward the antenna connecting terminal
100.

[0164] In the multiplexer 10, the band included in the pass
band of the SMR filter, which is one of the filters 11 and 12,
may be n41, n77, n78, or n79 for SG-NR.

[0165] With this configuration, in the SMR, a heat dissipa-
tion path via the Si substrate 116 is formed because of the
presence of the acoustic multilayer film. The SMR thus
exhibits higher heat dissipation characteristics than the
FBAR. The multiplexer 10 can thus support the high
power mode with improved heat dissipation characteristics.
[0166] The radio-frequency module 1A according to an
embodiment includes the multiplexer 10A, the module lami-
nate 60, and the power amplifiers 21 and 22. The multi-
plexer 10A is mounted on the module laminate 60. The out-
put terminal of the power amplifier 21 is connected to the
input terminal of the filter 13A. The power amplifier 21 is
mounted on the module laminate 60. The output terminal of
the power amplifier 22 is connected to the input terminal of
the filter 13B. The power amplifier 22 is mounted on the
module laminate 60. Each resonator of one of the filters
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13A and 13B is an FBAR, while each resonator of the other
one of the filters 13A and 13B is an SMR. The distance of
the other one of the filters 13A and 13B whose resonators
are SMRs to the power amplifier connected to the input
terminal of one of the filters 13A and 13B whose resonators
are FBARs may be smaller than the distance of one of the
filters 13A and 13B  whose resonators are FBARS to this
power amplifier.

[0167] With this configuration, it is possible to regulate a
temperature rise of the FBAR filter responding to a tempera-
ture rise of the radio-frequency module 1A caused by heat
generated in the power amplifier to a smaller level. The
radio-frequency module 1A is thus able to achieve signal
transmission with a smaller loss.

[0168] The communication apparatus 5 includes the
antenna 2, the RFIC 3 that processes a radio-frequency sig-
nal to be sent by the antenna 2 and a radio-frequency signal
received by the antenna 2, and the multiplexer 10 or the
radio-frequency module 1 that transmits the radio-frequency
signals between the antenna 2 and the RFIC 3.

[0169] The communication apparatus 5 is thus able to
reduce unwanted waves of multiple major distortion modes.

Other Embodiments

[0170] The multiplexers, radio-frequency modules, and
communication apparatuses have been discussed above
through illustration of the above-described embodiments
and modified examples. However, the invention is not
restricted to the above-described embodiments and modified
examples. Other embodiments implemented by combining
certain components in the above-described embodiments
and modified examples and modified examples obtained
by making various modifications to the above-described
embodiments and modified examples by those skilled in
the art without departing from the scope and spirit of the
invention are also encompassed in the invention. Various
types of equipment integrating any of the above-described
multiplexers, radio-frequency modules, and communication
apparatuses are also encompassed in the invention.

[0171] For example, in the circuit configurations of the
multiplexers, radio-frequency modules, and communication
apparatuses according to the above-described embodiments
and modified examples, a matching element, such as an
inductor and a capacitor, and a switch circuit may be con-
nected between circuit elements. In this case, a wiring
inductor constituted by wiring for connecting the circuit ele-
ments may be used as the inductor.

[0172] The present disclosure can be widely used for com-
munication equipment, such as a mobile phone, as a multi-
plexer, a radio-frequency module, and a communication
apparatus that can be applied to a multiband system includ-
ing bands for LTE, 5G-NR, and WLAN.

What is claimed is:

1. A multiplexer comprising:

a first filter connected to a common terminal and having a
first pass band including a first band which is sized to pass
asignal; and

a second filter connected to the common terminal and hav-
ing a second pass band including a second band which is
sized to pass another signal,

wherein the first filter includes
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a first series arm resonator disposed on a first series arm
path which connects the common terminal and a first
radio-frequency input terminal that receives a first
sending signal of the first band, and

a first parallel arm resonator disposed on a first parallel
arm path which connects the first series arm path and a
ground,

wherein each of the first series arm resonator and the first
parallel arm resonator includes
a first support substrate,

a first bottom electrode disposed above the first support
substrate,

afirst top electrode disposed above the first bottom elec-
trode, and

a first piezoelectric layer disposed between the first bot-
tom electrode and the first top electrode,

wherein at least one of resonators forming the first series
arm resonator and the first parallel arm resonator is con-
stituted by a plurality of series-divided resonators con-
nected in series with each other,

wherein the second filter includes
a plurality of second series arm resonators disposed on a

second series arm path which connects the common
terminal and a second radio-frequency input terminal
that receives a second sending signal of the second
band, and

asecond parallel armresonator disposed on a second par-
allel arm path which connects the second series arm
path and a ground,

wherein each of the plurality of second series arm resona-
tors and the second parallel arm resonator includes
a second support substrate,

a second bottom electrode disposed above the second
support substrate,

asecond top electrode disposed above the second bottom
electrode, and

asecond piezoelectric layer disposed between the second
bottom electrode and the second top electrode, and

wherein, two adjacent second series arm resonators of the
plurality of second series arm resonators, the second top
electrode or the second bottom electrode of one second
series arm resonator and the second top electrode or the
second bottom electrode of the other second series arm
resonator are formed by one electrode.

2. A multiplexer comprising:

a first filter connected to a common terminal and having a
first pass band including afirst band sized to pass asignal;
and

a second filter connected to the common terminal and hav-
ing a second pass band including a second band which is
sized to pass another signal,

wherein the first filter includes
a first series arm resonator disposed on a first series arm

path which connects the common terminal and a first
radio-frequency input terminal that receives a first
sending signal of the first band, and

a first parallel arm resonator disposed on a first parallel
arm path which connects the first series arm path and a
ground,

wherein each of the first series arm resonator and the first
parallel arm resonator includes
a first support substrate,

a first bottom electrode disposed above the first support
substrate,
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afirst top electrode disposed above the first bottom elec-
trode, and

a first piezoelectric layer disposed between the first bot-
tom electrode and the first top electrode,
wherein at least one of resonators forming the first series
arm resonator and the first parallel arm resonator is con-
stituted by a plurality of series-divided resonators con-
nected in series with each other,
wherein the second filter includes
asecond series arm resonator disposed on a second series
arm path which connects the common terminal and a
second radio-frequency input terminal that receives a
second sending signal of the second band, and

aplurality of second parallel arm resonators disposed on
individual second parallel arm paths, each of the sec-
ond parallel arm paths connecting the second series
arm path and a ground,

wherein each of the second series arm resonator and the
plurality of second parallel arm resonators includes
a second support substrate,

a second bottom electrode disposed above the second
support substrate,
asecond top electrode disposed above the second bottom
electrode, and
asecond piezoelectric layer disposed between the second
bottom electrode and the second top electrode, and
wherein, two second parallel arm resonators of the plurality
of second parallel arm resonators, one second parallel
arm resonator being directly connected to one end of
the second series arm resonator, the other second parallel
armresonator being directly connected to the other end of
the second series arm resonator, the second top electro-
des or the second bottom electrodes of the two second
parallel arm resonators are formed by one electrode.
3. A multiplexer comprising:
a first filter connected to a common terminal and having a
first pass band including a first band which is sized to pass
asignal; and
a second filter connected to the common terminal and hav-
ing a second pass band sized to pass another signal,
wherein the first filter includes
a first series arm resonator disposed on a first series arm
path which connects the common terminal and a first
radio-frequency input terminal that receives a first
sending signal of the first band, and

a first parallel arm resonator disposed on a first parallel
arm path which connects the first series arm path and a
ground,

wherein each of the first series arm resonator and the first
parallel arm resonator includes
afirst support substrate,

a first bottom electrode disposed above the first support
substrate,

afirst top electrode disposed above the first bottom elec-
trode, and

a first piezoelectric layer disposed between the first bot-
tom electrode and the first top electrode,

wherein at least one of resonators forming the first series
arm resonator and the first parallel arm resonator is con-
stituted by a plurality of series-divided resonators con-
nected in series with each other,

wherein the second filter includes
asecond series arm resonator disposed on a second series

arm path which connects the common terminal and a
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second radio-frequency input terminal that receives a
second sending signal of the second band, and

asecond parallel armresonator disposed on a second par-
allel arm path which connects the second series arm
path and a ground,

wherein at least one of resonators forming the second series

arm resonator and the second parallel arm resonator is
constituted by a plurality of parallel-divided resonators
connected in parallel with each other,

wherein each of the plurality of parallel-divided resonators

includes

a second support substrate,

a second bottom electrode disposed above the second
support substrate,

asecond top electrode disposed above the second bottom
electrode, and

asecond piezoelectric layer disposed between the second
bottom electrode and the second top electrode, and

wherein the second top electrode of one of the plurality of
parallel-divided resonators and the second bottom elec-
trode of another one of the plurality of parallel-divided
resonators are connected to each other.
4. The multiplexer according to claim 1, further
comprising:
athird filter connected to the common terminal and having a
third pass band sized to pass a signal in a third band,

wherein a frequency of a predetermined wave of a second-
or fourth-order distortion mode, which is generated
when the first sending signal and the second sending sig-
nal are simultaneously transmitted, is included in at least
one of the first pass band, the second pass band, and the
third pass band, and a frequency of a predetermined wave
of a third-order distortion mode, which is generated
when the first sending signal and the second sending sig-
nal are simultaneously transmitted, is included in at least
one of the first pass band, the second pass band, and the
third pass band.

5. The multiplexer according to claim 4, wherein:

the first band is n46 for 5G-NR;

the second band is n77 or n78 for 5G-NR; and

the third band is Band 3 for LTE.

6. The multiplexer according to claim 4, wherein:

the first band is n46 for 5G-NR;

the second band is n77 for 5G-NR; and

the third band is Band 2 for LTE.

7. The multiplexer according to claim 4, wherein:

the first band is n77 for 5G-NR;

the second band is n41 for 5G-NR; and

the third band is n46 for 5G-NR.

8. The multiplexer according to claim 4, wherein:

the first band is n41 for 5G-NR;

the second band is n40 for 5G-NR; and

the third band isn79 for 5G-NR.

9. The multiplexer according to claim 4, wherein:

the first band is n79 for 5G-NR;

the second band is n77 or n78 for 5G-NR; and

the third band is n40 for SG-NR or a wireless local area net-

work (WLAN).

10. The multiplexer according to claim 1, wherein the plur-
ality of series-divided resonators are connected to the com-
mon terminal at positions closer to the common terminal
than other resonators forming the first series arm resonator
and the first parallel arm resonator.

11. The multiplexer according to claim 1, wherein the two
adjacent second series arm resonators are connected to the
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common terminal at positions closer to the common terminal
than other resonators forming the plurality of second series
arm resonators.
12. The multiplexer according to claim 2, wherein the two
second parallel arm resonators are connected to the common
terminal at positions closer to the common terminal than other
resonators forming the plurality of second parallel arm
resonators.
13. The multiplexer according to claim 3, wherein the plur-
ality of parallel-divided resonators are connected to the com-
mon terminal at positions closer to the common terminal than
other resonators forming the second series arm resonator and
the second parallel arm resonator.
14. The multiplexer according to claim 1, wherein arelative
dielectric constant of the first piezoelectric layer is lower than
arelative dielectric constant of the second piezoelectric layer.
15. The multiplexer according to claim 1, wherein:
each of the resonators forming one of the first and second
filters is an FBAR (Film Bulk Acoustic Resonator);

each of the resonators forming the other one of the first and
second filters is an SMR (Solidly Mounted Resonator);
and

a pass band of one of the first filter and the second filter

whose resonators are FBARs is positioned at alower fre-
quency side than a pass band of the other one of the first
filter and the second filter whose resonators are SMRs.

16. The multiplexer according to claim 15, wherein the
other one of the first and second filters further includes a capa-
citor element, the capacitor element being connected between
the common terminal and a resonator which forms the first
filterand which is connected to the common terminal at a posi-
tion closer to the common terminal than other resonators
forming the first series arm resonator and the first parallel
arm resonator or being connected between the common term-
inal and aresonator which forms the second filter and which is
connected to the common terminal at a position closer to the
common terminal than other resonators forming the plurality
of second series arm resonators and the second parallel arm
resonator.

17. The multiplexer according to claim 15, wherein a band
included in the first pass band or the second pass band of the
other one of the first and second filtersisn41,n77, 178, orn79
for 5G-NR.
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18. A radio-frequency module comprising:

the multiplexer according to claim 1;

a module laminate, the multiplexer being disposed on the
module laminate;

afirst power amplifier disposed on the module laminate, an
output terminal of the first power amplifier being con-
nected to an input terminal of the first filter; and

asecond power amplifier disposed on the module laminate,
an output terminal of the second power amplifier being
connected to an input terminal of the second filter,

wherein each resonator forming one of the first and second
filters is an FBAR,

wherein each resonator forming the other one of the first
and second filters is an SMR, and

wherein a distance of the other one of the first and second
filters whose resonators are SMRs to one of the first and
second power amplifiers which is connected to the input
terminal of one of the first and second filters whose reso-
nators are FBARSs is smaller than a distance of one of the
first and second filters whose resonators are FBARs to
one of the first and second power amplifiers which is con-
nected to the input terminal of one of the first and second
filters whose resonators are FBARs.

19. A communication apparatus comprising:

an antenna,

aradio-frequency signal processing circuit that processes a
radio-frequency signal to be sent by the antenna and a
radio-frequency signal received by the antenna; and

the multiplexer according to claim 1 that is configured to
transmit the radio-frequency signals between the
antenna and the radio-frequency signal processing
circuit.

20. A communication apparatus comprising:

an antenna,

aradio-frequency signal processing circuit that processes a
radio-frequency signal to be sent by the antenna and a
radio-frequency signal received by the antenna; and

the radio-frequency module according to claim 18 that
transmits the radio-frequency signals between the
antenna and the radio-frequency signal processing
circuit.
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