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MULTIPLEXER, RADIO FREQUENCY
FRONT-END CIRCUIT, COMMUNICATION
DEVICE, AND MULTIPLEXER DESIGN
METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of priority to
Japanese Patent Application No. 2017-109977 filed on Jun.
2,2017, Japanese Patent Application No. 2016-208947 filed
on Oct. 25, 2016 and Japanese Patent Application No.
2016-138772 filed on Jul. 13, 2016. The entire contents of
these applications are hereby incorporated herein by refer-
ence.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to a multiplexer
including a plurality of filters. The present invention further
relates to a radio frequency front-end circuit, a communi-
cation device, and a multiplexer design method.

2. Description of the Related Art

[0003] A multiband system allowing one terminal to be
adapted for a plurality of frequency bands is demanded in
recent mobile communication devices. To meet such a
demand, a multiplexer is developed which is capable of
connecting a plurality of filters having different pass bands
from one another to one antenna without using any switch
interposed between the filters and the antenna.

[0004] In such a multiplexer, however, because a plurality
of signal paths via a plurality of filters, respectively, are
commonly-connected without interposition of any switch,
the filters may affect one another and characteristics of the
individual filters may degrade in some cases.

[0005] As a technique for avoiding the above-described
degradation of the filter characteristics, it is proposed, in a
multiplexer including two filters, to set an impedance of one
of the two filters to be very high (so as to provide an open
state) in a pass band of the other filter (also called a
counterpart-side filter) when viewed from the commonly
connected side (see, for example, Japanese Unexamined
Patent Application Publication No. 9-172340).

[0006] When the number of commonly connected filters is
two, namely when the number of frequencies of the pass
bands of the counterpart-side filters with respect to one filter
is one, the proposed configuration is useful in a point of
allowing the frequency band to be easily brought into the
open state. However, when the number of commonly con-
nected filters is three or more, particularly when frequencies
of two or more pass bands as the pass bands of the
counterpart-side filters are apart from each other, a difficulty
arises in bringing all of the pass bands of the counterpart-
side filters into the open state. If the plurality of filters are
commonly connected in a state where any pass band of the
counterpart-side filters not in the open state is present,
degradation of electrical characteristics (i.e., an increase of
losses) may occur due to an influence of the impedance that
appears to the pass band of the counterpart-side filter dif-
ferent from a pass band of the one filter.

Jan. 18, 2018

SUMMARY OF THE INVENTION

[0007] Preferred embodiments of the present invention
provide multiplexers each including three or more com-
monly connected filters and providing satisfactory electrical
characteristics and effectively suppress losses. Other pre-
ferred embodiments of the present invention provide radio
frequency front-end circuits, communication devices, and
multiplexer design methods.

[0008] According to a preferred embodiment of the pres-
ent invention, a multiplexer includes a number n (n is an
integer equal to three or more) of filters that are individually
provided in the n number of paths commonly connected at
a common junction point, and that have different pass bands
from one another, wherein (n-1) filters among the n number
of filters except for a first filter have impedances of which
imaginary components cancel each other at a pass band
frequency of the first filter when viewed from the common
junction point in a state of the n number of paths being not
commonly connected.

[0009] With the feature that the (n-1) number of filters
except for the first filter have the impedances described
above, the combined impedance when viewing the (n-1)
number of filters from the common junction point is harder
to have an imaginary component at the pass band frequency
of the first filter (i.e., in a pass band of the first filter).
Accordingly, the combined impedance when viewing the n
number of filters from the common junction point is less
affected by the impedances of the (n—1) number of filters in
the pass band of the first filter. As a result, the multiplexer
according to this preferred embodiment provides satisfac-
tory electrical characteristics (i.e., effectively suppresses
losses).

[0010] In the above multiplexer, the impedances of the
(n-1) number of filters may be in a complex conjugate
relationship at the pass band frequency of the first filter when
viewed from the common junction point in the state of the
n number of paths being not commonly connected.

[0011] In the above multiplexer, at least two of the n
number of filters except for the first filter may have imped-
ances of which imaginary components cancel each other at
the pass band frequency of the first filter when viewed from
the common junction point in the state of the n number of
paths being not commonly connected.

[0012] With the feature that the at least two filters except
for the first filter have the impedances described above, the
combined impedance when viewing the at least two filters
from the common junction point is harder to have an
imaginary component in the pass band of the first filter.
Thus, by appropriately adjusting the impedances of the other
(counterpart-side) filters, the combined impedance when
viewing the n number of filters from the common junction
point N is less affected in the pass band of the first filter by
the impedances of the counterpart-side filters. As a result,
satisfactory electrical characteristics are obtained.

[0013] In the above multiplexer, the impedances of the at
least two filters may be in a complex conjugate relationship
at the pass band frequency of the first filter when viewed
from the common junction point in the state of the n number
of paths being not commonly connected.

[0014] Inthe above multiplexer, the (n-1) filters may have
impedances of which imaginary components cancel each
other at the pass band frequency of the first filter on an open
side, which is a region on the right side of a center of a Smith
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chart, when viewed from the common junction point in the
state of the n number of paths being not commonly con-
nected.

[0015] With the feature that the (n-1) number of filters
except for the first filter have the impedances described
above, the combined impedance when viewing the (n-1)
number of filters from the common junction point is given
as a high impedance, which is positioned on the right side of
the center of the Smith chart, in the pass band of the first
filter. Accordingly, leakage of a radio frequency signal in the
pass band of the first filter to the above-mentioned (n-1)
number of filters is effectively suppressed to achieve more
satisfactory electrical characteristics in the path passing the
first filter.

[0016] Inthe above multiplexer, the at least two filters may
have impedances of which imaginary components cancel
each other at the pass band frequency of the first filter on an
open side, which is a region on a right side of a center of a
Smith chart, when viewed from the common junction point
in the state of the n number of paths being not commonly
connected.

[0017] With the feature that the at least two filters except
for the first filter have the impedances described above, the
combined impedance when viewing those at least two filters
from the common junction point is given as a high imped-
ance in the pass band of the first filter. Accordingly, leakage
of a radio frequency signal in the pass band of the first filter
to the at least two filters is effectively suppressed such that
more satisfactory electrical characteristics are obtained in
the path passing the first filter.

[0018] In the above multiplexer, each of the n number of
filters may be an acoustic wave filter including an acoustic
wave resonator, and the pass band frequency of the first filter
is different from a frequency range sandwiched between a
resonant frequency and an antiresonant frequency of the
acoustic wave resonator of each of the (n-1) filters.

[0019] With the feature that each of the n number of filters
is an acoustic wave filter, sharpness of an attenuation slope
in filter characteristics is increased in each filter. Further-
more, with the feature that the pass band frequency of the
first filter is different from the frequency range sandwiched
between the resonant frequency and the antiresonant fre-
quency of the acoustic wave resonator of each of the (n-1)
number of filters, the (n—1) number of filters act as capaci-
tors at the pass band frequency of the first filter. Accordingly,
leakage of the radio frequency signal in the pass band of the
first filter to the (n-1) number of filters is effectively
suppressed, such that more satisfactory electrical character-
istics are obtained in the path passing the first filter.
[0020] In the above multiplexer, regarding (n-1) filters
among the n number of filters except for a second filter,
absolute values of the impedances at a pass band frequency
of the second filter may be not less than about 500Q, for
example, when viewed from the common junction point in
the state of the n number of paths being not commonly
connected.

[0021] With the feature that the impedances of the (n-1)
number of filters except for the second filter are infinite
(have absolute values of not less than about 500€2, for
example) in the pass band of the second filter, the combined
impedance when viewing the (n-1) number of filters from
the common junction point can be given as a high impedance
in the pass band of the second filter. Accordingly, leakage of
a radio frequency signal in the pass band of the second filter
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to the above-mentioned (n—1) number of filters is effectively
suppressed, such that more satisfactory electrical character-
istics are able to be obtained in the path passing the second
filter.

[0022] In the above multiplexer, (n-1) filters among the n
number of filters except for a third filter may have imped-
ances of which imaginary components cancel each other at
a pass band frequency of the third filter when viewed from
the common junction point in the state of the n number of
paths being not commonly connected.

[0023] With the feature that the (n-1) number of filters
except for the third filter have the impedances described
above, the combined impedance when viewing the (n-1)
number of filters from the common junction point is harder
to have an imaginary component at the pass band frequency
of the third filter (i.e., in a pass band of the third filter).
Accordingly, the combined impedance when viewing the n
number of filters from the common junction point is less
affected by the impedances of the above-mentioned (n-1)
number of filters. As a result, the multiplexer according to
this preferred embodiment realizes low losses in the path
passing the third filter as well, and provides more satisfac-
tory electrical characteristics.

[0024] In the above multiplexer, the impedances of (n-1)
filters among the n number of filters except for the third filter
may be in a complex conjugate relationship at the pass band
frequency of the third filter when viewed from the common
junction point in the state of the n number of paths being not
commonly connected.

[0025] In the above multiplexer, n=3 may be satisfied, the
n number of filters may be a first filter having a first
frequency band as a pass band, a second filter having a
second frequency band as a pass band, and a third filter
having a third frequency band as a pass band, and the second
filter and the third filter may have impedances of which
imaginary components cancel each other in the first fre-
quency band when viewed from the common junction point
in the state of the n number of paths being not commonly
connected.

[0026] With those features, the combined impedance
when viewing the second filter and third filter from the
common junction point is harder to have an imaginary
component at the pass band frequency of the first filter.
Accordingly, the combined impedance when viewing the
three filters from the common junction point is less affected
by the impedances of the second filter and the third filter. As
a result, a triplexer capable of providing satisfactory elec-
trical characteristics is able to be realized.

[0027] In the above multiplexer, the impedance of the
second filter in the first frequency band and the impedance
of the third filter in the first frequency band may be in a
complex conjugate relationship when viewing a side includ-
ing the n number of filters from the common junction point
in the state of the n number of paths being not commonly
connected.

[0028] In the above multiplexer, the first filter and the
second filter may have impedances of which imaginary
components cancel each other in the third frequency band
when viewed from the common junction point in the state of
the n number of paths being not commonly connected.
[0029] With that feature, the combined impedance when
viewing the first filter and second filter from the common
junction point is harder to have an imaginary component at
the pass band frequency of the third filter (i.e., in the pass
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band of the third filter). Accordingly, the combined imped-
ance when viewing the three filters from the common
junction point is less affected by the impedances of the first
filter and the second filter. Thus, the multiplexer according
to this preferred embodiment realizes low losses in the path
passing the third filter as well. As a result, a triplexer capable
of providing more satisfactory electrical characteristics is
able to be realized.

[0030] In the above multiplexer, the impedance of the first
filter in the third frequency band and the impedance of the
second filter in the third frequency band may be in a
complex conjugate relationship when viewing the side
including the n number of filters from the common junction
point in the state of the n number of paths being not
commonly connected.

[0031] In the above multiplexer, an impedance of the first
filter in the second frequency band and an impedance of the
third filter in the second frequency band may have absolute
values of not less than about 500Q when viewing a side
including the n number of filters from the common junction
point in the state of the n number of paths being not
commonly connected.

[0032] With that feature, the combined impedance when
viewing the first filter and the third filter from the common
junction point is given as a high impedance in the pass band
of the second filter. Accordingly, leakage of the radio fre-
quency signal in the pass band of the second filter to the first
filter and the third filter is effectively suppressed, such that
more satisfactory electrical characteristics are able to be
obtained in the path passing the second filter. As a result, a
triplexer capable of providing more satisfactory electrical
characteristics is able to be realized.

[0033] In the above multiplexer, when the pass bands of
the n number of filters are arrayed in order of frequency, the
pass band frequency of the first filter corresponds to a band
other than the pass bands that are positioned at a lowest
frequency level and a highest frequency level.

[0034] Here, in trying to realize low losses in the filter
characteristics of all the n number of filters, regarding the
filter that has the pass band positioned at the lowest fre-
quency level or the highest frequency level, the imaginary
components of the impedances of the counterpart-side filters
are relatively small in the pass band of the relevant filter.
Thus, low losses are able to be comparatively easily realized
in the relevant filter. However, regarding the filter that has
the pass band positioned at a level other than the lowest or
highest frequency level, the imaginary components of the
impedances of the counterpart-side filters tend to increase in
the pass band of the relevant filter. Such a phenomenon is
more significant particularly when frequency intervals
among the number n of pass bands are large. Accordingly,
low losses are able to be realized in the filter characteristics
of all the n number of filters when the above-described
complex conjugate relationship is satisfied with respect to
the (n-1) number of filters except for the first filter that has
the pass band other than those positioned at the lowest
frequency level and the highest frequency level. Thus, low
losses are able to be realized in all the n number of paths.
[0035] The above multiplexer may further include a phase
adjustment circuit that is disposed between the common
junction point and at least one among the n number of filters.
[0036] With the provision of the phase adjustment circuit,
the above-described complex conjugate relationship is able
to be realized easily.
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[0037] In the above multiplexer, the at least one filter may
be a band rejection filter, and the phase adjustment circuit
may be an inductor connected between the common junction
point and the band rejection filter in series in the path in
which the band rejection filter is disposed.

[0038] With the provision of the phase adjustment circuit
that includes the above-mentioned inductor connected in
series, the impedance when viewing the side including the
band rejection filter from the common junction point in the
state not under the common connection is shifted to the
inductive side at each of the pass band frequencies of the
counterpart-side filters with respect to the band rejection
filter. Therefore, even when the impedances of the n number
of filters are inductive such as represented by the case where
the n number of filters are each an acoustic wave filter, the
impedance of the band rejection filter and the impedance of
at least one other filter are able to be brought into the
complex conjugate relationship at the pass band frequency
of the first filter. As a result, it is possible to obtain
satisfactory electrical characteristics (namely, to suppress
losses) in the multiplexer equipped with the n number of
filters including the band rejection filter.

[0039] In the above multiplexer, the n number of filters
may include at least two bandpass filters having pass band
frequencies that fall within an attenuation band frequency
range of the band rejection filter.

[0040] Inother words, the pass band frequency of the band
rejection filter on the lower frequency side may be set to be
lower than those of the counterpart-side filters (at least two
bandpass filters here). With that setting, the impedance when
viewing the band rejection filter side from the common
junction point in the state not under the common connection
before adding the above-mentioned inductor is rotated
clockwise to advance the phase on the Smith chart at each
of the pass band frequencies of the counterpart-side filters.

[0041] Here, the phase of the impedance when viewing the
band rejection filter side from the common junction point in
the state not under the common connection after adding the
above-mentioned inductor is advanced to a larger extent on
the Smith chart at each of the pass band frequencies of the
counterpart-side filters as an inductance value of the induc-
tor increases. However, because the inductor is connected in
series in the path through which a radio frequency signal is
transferred, an increase of the inductance value increases
losses in the pass band of the band rejection filter.

[0042] On the other hand, according to this preferred
embodiment, regarding the band rejection filter before add-
ing the inductor, the impedances at the pass band frequencies
of the counterpart-side filters are able to be rotated clock-
wise on the Smith chart. Thus, the impedance when viewing
the band rejection filter side from the common junction point
in the state not under the common connection is able to be
shifted to the inductive side at each of the pass band
frequencies of the counterpart-side filters by adding the
inductor having a relatively small inductance value. As a
result, the losses in the pass band of the band rejection filter
are effectively suppressed while satisfactory electrical char-
acteristics are ensured.

[0043] In the above multiplexer, the band rejection filter
may be an acoustic wave filter including one or more
acoustic wave resonators, and one of the one or more
acoustic wave resonators of the band rejection filter, the one
being positioned closest to the common junction point, may
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be a parallel resonator that is connected in series in a path
interconnecting the path in which the band rejection filter is
disposed and a ground.

[0044] When the one acoustic wave resonator in the band
rejection filter, which is positioned closest to the common
junction point, is a parallel resonator, the impedance when
viewing the band rejection filter side from the common
junction point in the state not under the common connection
before adding the inductor is rotated clockwise to advance
the phase on the Smith chart at each of the pass band
frequencies of the counterpart-side filters. Accordingly, as in
the above preferred embodiment, the losses in the pass band
of the band rejection filter is effectively suppressed while
satisfactory electrical characteristics are ensured.

[0045] In the above multiplexer, the phase adjustment
circuit may be an LC matching circuit including one or more
inductors and one or more capacitors.

[0046] With the phase adjustment circuit being an LC
matching circuit, regarding the filter in which the impedance
matching is not established in its own pass band in the state
not including the phase adjustment circuit, adjustment is
able to be made in such a manner that the impedances satisfy
the above-described complex conjugate relationship in the
pass bands of the counterpart-side filters while the imped-
ance matching is established in its own pass band.

[0047] In the above multiplexer, the phase adjustment
circuit may include a capacitor connected in series in at least
one of the paths in which the at least one filter is disposed,
and an inductor connected in series in a path interconnecting
the at least one path and a ground.

[0048] The phase adjustment circuit described above also
provides similar advantageous effects to those obtained with
the above-mentioned L.C matching circuit.

[0049] In the above multiplexer, the phase adjustment
circuit may be a microstripline connected in series in at least
one of the paths in which the at least one filter is disposed.
[0050] Since that type of phase adjustment circuit does not
include impedance elements such as an inductor and a
capacitor, the configuration of the multiplexer is simplified,
and man-hours needed in a manufacturing process are able
to be reduced corresponding to the simplified configuration.
[0051] In the above multiplexer, the pass band of the first
filter may be apart from the pass bands of (n-1) filters
among the n number of filters except for the first filter in
excess of a pass band width of the first filter.

[0052] When the above-mentioned frequency relationship
is satisfied, it is generally quite difficult to realize low losses
because of high difficulty in reducing the imaginary com-
ponent of the impedance of each of the (n-1) number of
filters that are the counterpart-side filters with respect to the
first filter. According to this preferred embodiment, however,
by setting conditions to satisfy the above-described complex
conjugate relationship, low losses are able to be realized in
the filter characteristics of the first filter for which it is quite
difficult to reduce the losses.

[0053] In the above multiplexer, a CA (carrier aggrega-
tion) technique of simultaneously transmitting and receiving
radio frequency signals in a plurality of frequency bands
may be applied to the multiplexer, and the n number of filters
may perform filtering of the radio frequency signals at the
same time.

[0054] In the above multiplexer, the n number of filters
may be three filters, and the three filters may be a filter
having a pass band given as Band 3 of LTE (Long Term
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Evolution), a filter having a pass band given as Band 1 of the
LTE, and a filter having a pass band given as Band 7 of the
LTE, for example.

[0055] According to another preferred embodiment of the
present invention, a radio frequency front-end circuit
includes one of the above-described multiplexers, and an
amplifier circuit connected to the one multiplexer.

[0056] As a result, a radio frequency front-end circuit
capable of providing satisfactory electrical characteristics
and being adapted for three or more multiple bands is able
to be realized.

[0057] According to still another preferred embodiment of
the present invention, a communication device includes an
RF signal processing circuit that processes radio frequency
signals transmitted and received via an antenna element, and
the above-described radio frequency front-end circuit that
transfers the radio frequency signals between the antenna
element and the RF signal processing circuit.

[0058] As a result, a communication device capable of
providing satisfactory electrical characteristics and being
adapted for three or more multiple bands is able to be
realized.

[0059] Still another preferred embodiment of the present
invention provides a multiplexer design method. The mul-
tiplexer design method according to the still another pre-
ferred embodiment of the present invention is a method of
designing a multiplexer including a number n (n is an integer
equal to three or more) of filters that are individually
provided in the n number of paths commonly connected at
a common junction point, and that have different pass bands
from one another, the method including a first step of
designing a first filter among the n number of filters, and a
second step of designing (n-1) filters among the n number
of filters except for the first filter, wherein in the second step,
the (n-1) number of filters are designed such that imaginary
components of impedances of the (n—1) number of filters
cancel each other at a pass band frequency of the first filter
when viewing a side including the n number of filters from
a point, which is part of the n number of paths and which is
to be the common junction point.

[0060] With the multiplexers, etc. according to the pre-
ferred embodiments of the present invention, satisfactory
electrical characteristics are obtained in the multiplexers
including a plurality of three or more commonly connected
filters.

[0061] The above and other elements, features, steps,
characteristics and advantages of the present invention will
become more apparent from the following detailed descrip-
tion of the preferred embodiments with reference to the
attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0062] FIG. 1A s ablock diagram of a multiplexer accord-
ing to a first preferred embodiment of the present invention.
[0063] FIG. 1B is a chart referenced to explain pass bands
of the multiplexer according to the first preferred embodi-
ment of the present invention.

[0064] FIGS. 2A and 2B schematically illustrate, by way
of example, a resonator defining each of filters according to
the first preferred embodiment of the present invention;
specifically, FIG. 2A represents a plan view and FIG. 2B
represents a sectional view.

[0065] FIG. 3 is a chart referenced to explain a definition
regarding a the so-called Smith chart.
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[0066] FIG. 4 illustrates Smith charts representing reflec-
tion characteristics when viewing the filter side from a
common junction point before common connection in the
first preferred embodiment of the present invention.

[0067] FIG. 5 illustrates Smith charts representing reflec-
tion characteristics when viewing the filter side from the
common junction point after the common connection in the
first preferred embodiment of the present invention.

[0068] FIG. 6 illustrates filter characteristics after the
common connection in the first preferred embodiment of the
present invention.

[0069] FIG. 7 is a block diagram of a multiplexer accord-
ing to a comparative example.

[0070] FIG. 8 illustrates Smith charts representing reflec-
tion characteristics when viewing the filter side from the
common junction point before the common connection in
the comparative example.

[0071] FIG. 9 illustrates Smith charts representing reflec-
tion characteristics when viewing the filter side from the
common junction point after the common connection in the
comparative example.

[0072] FIG. 10 illustrates filter characteristics after the
common connection in the comparative example.

[0073] FIG. 11 is a block diagram of a multiplexer accord-
ing to a first modification of a preferred embodiment of the
present invention.

[0074] FIG. 12 is a block diagram of a multiplexer accord-
ing to a second modification of a preferred embodiment of
the present invention.

[0075] FIG. 13 illustrates Smith charts representing reflec-
tion characteristics when viewing the filter side from the
common junction point before the common connection in
the second modification.

[0076] FIG. 14 illustrates Smith charts representing reflec-
tion characteristics when viewing the filter side from the
common junction point after the common connection in the
second modification.

[0077] FIG. 15 illustrates filter characteristics after the
common connection in the second modification.

[0078] FIG. 16 is a block diagram of a multiplexer accord-
ing to a third modification of a preferred embodiment of the
present invention.

[0079] FIG. 17 illustrates Smith charts representing reflec-
tion characteristics when viewing the filter side from the
common junction point before the common connection in
the third modification.

[0080] FIG. 18 illustrates Smith charts representing reflec-
tion characteristics when viewing the filter side from the
common junction point after the common connection in the
third modification.

[0081] FIG. 19 illustrates filter characteristics after the
common connection in the third modification.

[0082] FIG. 20 is a block diagram of a multiplexer accord-
ing to a fourth modification of a preferred embodiment of the
present invention.

[0083] FIG. 21 illustrates Smith charts representing reflec-
tion characteristics when viewing the filter side from the
common junction point before the common connection in
the fourth modification.

[0084] FIG. 22 illustrates Smith charts representing reflec-
tion characteristics when viewing the filter side from the
common junction point after the common connection in the
fourth modification.
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[0085] FIG. 23 illustrates filter characteristics after the
common connection in the fourth modification.

[0086] FIG. 24 is a block diagram of a multiplexer accord-
ing to a fifth modification of a preferred embodiment of the
present invention.

[0087] FIG. 25 illustrates Smith charts representing reflec-
tion characteristics when viewing the filter side from the
common junction point before the common connection in
the fifth modification.

[0088] FIG. 26 illustrates filter characteristics after the
common connection in the fifth modification.

[0089] FIG. 27 illustrates reflection characteristics of a
filter (notch filter) in the fifth modification.

[0090] FIG. 28 illustrates reflection characteristics of a
filter (notch filter) in a comparative example of the fifth
modification.

[0091] FIG. 29 is a block diagram of a radio frequency
front-end circuit and a peripheral circuit thereof according to
a second preferred embodiment of the present invention.
[0092] FIG. 30A is a first block diagram of a multiplexer
according to another preferred embodiment of the present
invention.

[0093] FIG. 30B illustrates Smith charts representing
reflection characteristics when viewing the filter side from
the common junction point before the common connection
in the multiplexer illustrated in FIG. 30A.

[0094] FIG. 31A is a second block diagram of a multi-
plexer according to still another preferred embodiment of
the present invention.

[0095] FIG. 31B illustrates Smith charts representing
reflection characteristics when viewing the filter side from
the common junction point before the common connection
in the multiplexer illustrated in FIG. 31A.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0096] Preferred embodiments of the present disclosure
will be described in detail below with reference to practical
examples and drawings. It is to be noted that the following
preferred embodiments represent general or specific
examples. Thus, numerical values, shapes, materials, com-
ponents, arrangements and connection forms of the compo-
nents, and so on, which are described in the following
preferred embodiments, are merely illustrative, and they do
not limit the scope of the present invention. Sizes of the
components illustrated in the drawings or size ratios
between those components are not always accurate in a strict
sense. In the following description, substantially the same
components or members are denoted by the same reference
sings, and duplicate description of those components or
members is omitted or simplified in some cases. Moreover,
in the following description, the meaning of the word
“connected” includes not only the case where two elements
or portions are directly connected to each other, but also the
case where two elements or portions are electrically con-
nected through another element or the like.

First Preferred Embodiment

[0097] FIG. 1A is a block diagram of a multiplexer 1
according to a first preferred embodiment of the present
invention. FIG. 1A further illustrates an antenna element 2
that is connected to a common terminal Portl of the multi-
plexer 1.
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[0098] The multiplexer 1 is a branching device including
three or more filters of which pass bands are different from
one another, and of which terminals on the antenna side are
commonly connected at the common terminal Portl. Thus,
in the multiplexer 1, three or more filters are commonly
connected at the common terminal Portl. In this preferred
embodiment, as illustrated in FIG. 1A, the multiplexer 1
includes the common terminal Portl, three individual ter-
minals Port2 to Portd4, and three filters 11 to 13. The three
filters 11 to 13 are provided respectively in three paths 31 to
33 that are commonly connected at a common junction point
N, and those three filters have pass bands different from one
another. In this preferred embodiment, the multiplexer 1
further includes phase adjustment circuits 21 and 22.

[0099] The common terminal Portl is disposed in com-
mon to a plurality of filters (three filters 11 to 13 in this
preferred embodiment), and is connected to the plurality of
filters at the inside of the multiplexer 1. Furthermore, the
common terminal Portl is connected to the antenna element
2 at the outside of the multiplexer 1. In other words, the
common terminal Port1 is a common antenna terminal of the
multiplexer 1.

[0100] The three individual terminals Port2 to Port4 are
disposed respectively corresponding to the filters 11 to 13 in
the mentioned order, and are connected to the corresponding
filters at the inside of the multiplexer 1. Moreover, the
individual terminals Port2 to Port4 are connected to an RF
signal processing circuit (RFIC: Radio Frequency Integrated
Circuit, not illustrated) through an amplifier circuit and so on
(not illustrated) at the outside of the multiplexer 1.

[0101] The filter 11 is located in the path 31 connecting the
common terminal Portl and the individual terminal Port2 to
each other. In this preferred embodiment, the filter 11
preferably is a filter having a pass band given as Band 3 of
LTE (Long Term Evolution), for example. More specifically,
the filter 11 is a reception filter having a pass band given as
the down frequency band (reception band) in Band 3.

[0102] The filter 12 is located in the path 32 connecting the
common terminal Portl and the individual terminal Port3 to
each other. In this preferred embodiment, the filter 12
preferably is a filter having a pass band given as Band 1 of
the LTE, for example. More specifically, the filter 12 pref-
erably is a reception filter having a pass band given as the
down frequency band (reception band) in Band 1, for
example.

[0103] The filter 13 is located in the path 33 connecting the
common terminal Portl and the individual terminal Port4 to
each other. In this preferred embodiment, the filter 13
preferably is a filter having a pass band given as Band 7 of
the LTE, for example. More specifically, the filter 13 pref-
erably is a reception filter having a pass band given as the
down frequency band (reception band) in Band 7, for
example.

[0104] Thus, the multiplexer 1 according to this preferred
embodiment preferably is a triplexer including the filter 12,
which has a pass band given as a Band1RX band and which
is one example of a first filter having a pass band given as
a first frequency band, the filter 13, which has a pass band
given as a Band7RX band and which is one example of a
second filter having a pass band given as a second frequency
band, and the filter 11, which has a pass band given as a
Band3RX band and which is one example of a third filter
having a pass band given as a third frequency band.
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[0105] In this preferred embodiment, the filters 11 to 13
are each an acoustic wave filter including an acoustic wave
resonator, specifically a surface acoustic wave resonator
utilizing a surface acoustic wave (SAW). The pass band of
each of'the filters 11 to 13 is different from a frequency range
sandwiched between a resonant frequency and an antireso-
nant frequency of the acoustic wave resonator of each of the
other filters. For instance, the pass band of the filter 11 is
different from the frequency range sandwiched between the
resonant frequency and the antiresonant frequency of the
acoustic wave resonator of the filter 12, and from the
frequency range sandwiched between the resonant fre-
quency and the antiresonant frequency of the acoustic wave
resonator of the filter 13. A detailed structure of the acoustic
wave resonator will be described later.

[0106] The acoustic wave resonator is not limited to the
surface acoustic wave resonator, and it may be an acoustic
wave resonator utilizing a boundary acoustic wave or a bulk
acoustic wave (BAW), for example. Furthermore, each of
the filters 11 to 13 is not limited to an acoustic wave filter,
and it may be an LC resonant filter or a dielectric filter. In
other words, the configuration of each of the filters 11 to 13
may be selected as appropriate depending on, for example,
restrictions in mounting layout or demanded filter charac-
teristics.

[0107] Frequency bands assigned as respective pass bands
of the filters 11 to 13 are described here. In the following
description, regarding a frequency range of each band, a
numerical value range representing a range of not less than
A and not more than B is expressed by A to B in a simplified
manner.

[0108] FIG. 1B is a chart referenced to explain the pass
bands of the multiplexer 1 according to this preferred
embodiment. More specifically, FIG. 1B is a chart refer-
enced to explain the frequency bands assigned respectively
to the reception bands of Band 3, 1 and 7. Hereinafter, “Band
of the LTE” is simply expressed as “Band”, and the recep-
tion band (Rx) in each Band, for example, the reception band
(Rx) in Band 1, is simply expressed by the band name and
a suffixed sign indicating a reception band or a transmission
band, like “Band1Rx band”, in some cases.

[0109] As illustrated in FIG. 1B, about 1805 MHz to about
1880 MHz is assigned to the Band3Rx band that preferably
is the pass band of the filter 11, for example. Thus, a band
width of the pass band of the filter 11 preferably is about 75
MHz, for example. About 2110 MHz to about 2170 MHz
preferably is assigned to the Band1Rx band that is the pass
band of the filter 12, for example. Thus, a band width of the
pass band of the filter 12 preferably is about 60 MHz, for
example. About 2620 MHz to about 2690 MHz preferably is
assigned to the Band7Rx band that is the pass band of the
filter 13, for example. Thus, a band width of the pass band
of the filter 13 preferably is about 70 MHz, for example.
[0110] Accordingly, each of the filters 11 to 13 has filter
characteristics allowing a signal in the corresponding pass
band to pass therethrough and attenuating signals in the
other bands, as represented by solid lines in FIG. 1B.
[0111] As described above, the filters 11 to 13 have
different pass bands from one another. Furthermore, in this
preferred embodiment, those pass bands are apart from each
other in excess of the pass band widths of those filters. In
other words, a band width of each vacant band between two
adjacent pass bands is in excess of the pass band widths. It
is to be noted that the pass bands of the filters 11 to 13 are



US 2018/0019509 Al

just required to be different from one another, and that the
adjacent two of those pass bands may be apart from each
other at an interval smaller than the pass band widths.
[0112] The n number of filters described above (for
example, three filters 11 to 13 in this preferred embodiment)
satisfy the following impedance relationship when focusing
on one arbitrary filter and the (n—1) number of filters (two
filters in this preferred embodiment), which are commonly
connected to the one filter.

[0113] More specifically, impedances of the (n—1) number
of the counterpart-side filters in the pass band of the one
filter are in a complex conjugate relationship when viewing
the side including the filters 11 to 13 from the common
junction point N in a state before common connection where
the paths 31 to 33 are not commonly connected. Although
details of the complex conjugate relationship will be
described in connection with later-described characteristics
of the multiplexer 1, the complex conjugate relationship is
satisfied in this preferred embodiment with the provision of
the phase adjustment circuits 21 and 22.

[0114] Configurations of the phase adjustment circuits 21
and 22 will be described below.

[0115] At least one phase adjustment circuit is disposed
between the common junction point N and at least one
among the n number of filters (in this preferred embodiment,
the phase adjustment circuits 21 and 22 are disposed respec-
tively between the common junction point N and the filters
11 and 12 among the three filters 11 to 13). The phase
adjustment circuit adjusts a phase of the at least one filter
such that the above-described complex conjugate relation-
ship is satisfied when viewing the side including the n
number of filters from the common junction point N in a
state before the common connection where the n number of
paths (for example, three paths 31 to 33 in this preferred
embodiment) are not commonly connected.

[0116] In this preferred embodiment, each of the phase
adjustment circuits 21 and 22 preferably is an LC matching
circuit including one or more inductors and one or more
capacitors. More specifically, the phase adjustment circuit
includes a capacitor that is connected in series in at least one
path in which the at least one filter is disposed (in this
preferred embodiment, in each of the paths 31 and 32 in
which the filters 11 and 12 are disposed respectively), and by
an inductor that is connected in series in a path intercon-
necting the at least one path and the ground.

[0117] The phase adjustment circuits 21 and 22 have the
same configuration except that the corresponding filters are
different and hence respective constants of those filters are
different. Accordingly, in the following description, a
capacitor C211 and inductors [.211 and [.212 of the phase
adjustment circuit 21 are described, while description of a
capacitor C221 and inductors [.221 and 1.222 of the phase
adjustment circuit 22 is omitted.

[0118] The capacitor C211 is connected in series in the
path 31 between the common junction point N and the filter
11. The inductor [.211 is connected in series in a path
interconnecting one end of the capacitor C211 and the
ground. The inductor [.212 is connected in series in a path
interconnecting the other end of the capacitor C211 and the
ground.

[0119] Constants of the above-mentioned elements (i.e.,
the capacitor C211 and the inductors [.211 and [.212) are
appropriately set such that impedance matching is estab-
lished in the band of the filter 11 when viewing the filter 11
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side from the common junction point N before the common
connection. Furthermore, those constants are appropriately
set such that impedances in the (n—1) number of pass bands
of the counterpart-side filters (the pass bands of the filters 12
and 13 here) are in a complex conjugate relationship when
viewing the filter 11 side from the common junction point N
in the state before the common connection.

[0120] For example, the so-called CA (carrier aggrega-
tion) technique of simultaneously transmitting and receiving
radio frequency signals in a plurality of frequency bands
(e.g., the BandlRx band, the Band3Rx band, and the
Band7Rx band in this preferred embodiment) is applied to
the above-described multiplexer 1, and the filters 11 to 13
perform filtering of the radio frequency signals at the same
time.

[0121] Structures of the acoustic wave resonators of the
filters 11 to 13 will be described below in connection with,
for example, the resonator of the filter 11.

[0122] FIGS. 2A and 2B schematically illustrate, by way
of example, a resonator 111 of the filter 11 according to the
first preferred embodiment; specifically, FIG. 2A represents
a plan view and FIG. 2B represents a sectional view. In other
words, FIGS. 2A and 2B illustrate a schematic plan view and
a schematic sectional view, which represent the structure of
the resonator 111. It is to be noted that the resonator 111
illustrated in FIGS. 2A and 2B is to explain a typical
structure of the above-mentioned plural resonators, and that
the number, the length, etc. of electrode fingers of each of
electrodes are not limited to the illustrated ones.

[0123] The resonator of the filter 11 includes a piezoelec-
tric substrate 356, and interdigital transducer (IDT) elec-
trodes 52a and 526 each having a comb shape.

[0124] As illustrated in the plan view of FIG. 2A, the pair
of IDT electrodes 52a and 524 opposing to each other are
provided on the piezoelectric substrate 356. The IDT elec-
trode 52q includes a plurality of electrode fingers 552a
parallel or substantially parallel to one another, and by a
busbar electrode 5514 interconnecting the plurality of elec-
trode fingers 552a. The IDT electrode 5254 includes a plu-
rality of electrode fingers 5525 parallel or substantially
parallel to one another, and by a busbar electrode 5515
interconnecting the plurality of electrode fingers 55256. The
plurality of electrode fingers 5524 and 5525 extend in a
direction orthogonal to the propagation direction of an
acoustic wave.

[0125] As illustrated in the sectional view of FIG. 2B,
each IDT electrode 52 including the plurality of electrode
fingers 552a or 5525 and the busbar electrode 551a or 5515
has a multilayer structure including an adhesion layer 353
and a main electrode layer 354.

[0126] The adhesion layer 353 increases adhesion
between the piezoelectric substrate 356 and the main elec-
trode layer 354, and Ti is used as an example of materials of
the adhesion layer 353. The adhesion layer 353 preferably
has a film thickness of about 12 nm, for example.

[0127] Al containing about 1% of Cu is used as an
example of materials of the main electrode layer 354. The
main electrode layer 354 preferably has a film thickness of
about 162 nm, for example.

[0128] A protective layer 355 is formed in a state covering
the IDT electrode 52. The protective layer 355 protects the
main electrode layer 354 from external environments, to
adjust frequency-temperature characteristics, and to increase
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moisture resistance. The protective layer 355 is a film
containing, for example, silicon dioxide as a main ingredi-
ent.

[0129] Materials of the adhesion layer 353, the main
electrode layer 354, and the protective layer 355 are not
limited to the above-mentioned materials. Furthermore, the
IDT electrode 52 is not always required to have the above-
described multilayer structure. The IDT electrode 52 may be
made of, for example, a metal or an alloy, such as Ti, Al, Cu,
Pt, Au, Ag, Pd, W, Mo, or NiCr. Alternatively, the IDT
electrode 52 may include a plurality of multilayer bodies
each made of the above-mentioned metal or alloy. The
protective layer 355 may be omitted as desired.

[0130] The piezoelectric substrate 356 is made of, for
example, a LiTaO; piezoelectric single crystal, a LiNbO;
piezoelectric single crystal, or a piezoelectric ceramic.
[0131] The structure of the resonator of the filter 11 is not
limited to the structure illustrated in FIG. 2. For instance, the
IDT electrode 52 may be a single layer of a metal film
instead of having the multilayer structure of metal films.
[0132] Characteristics of the multiplexer 1 according to
this preferred embodiment will be described below.

[0133] First, a definition regarding the so-called Smith
chart referenced in the following description of impedance
is explained. FIG. 3 is a chart referenced to explain the
definition regarding the Smith chart. Numerals in parenthe-
ses in FIG. 3 represent values in the Smith chart after being
normalized on the basis of a characteristic impedance (e.g.,
about 50Q).

[0134] As illustrated in FIG. 3, in the Smith chart, a left
end at which a normalized impedance is 0+0j represents a
shorted state (denoted by SHORTED), a central zone where
the normalized impedance is substantially 1+0j represents an
impedance matching state, and a right end at which at least
one of a real component and an imaginary component of the
normalized impedance is infinite () represents an open
state (denoted by OPEN). In the following, therefore, a
region on the right side of the center of the Smith chart
where an impedance is higher than the characteristic imped-
ance, namely a region on the right side of a linear line
interconnecting the normalized impedances 0+1j, 1+0j and
0-1j in the normalized Smith chart, is defined as an open
side. Moreover, a region on the left side of the center of the
Smith chart where an impedance is lower than the charac-
teristic impedance, namely a region on the left side of the
above-mentioned linear line in the normalized Smith chart,
is defined as a shorted side.

[0135] Furthermore, as illustrated in FIG. 3, in the Smith
chart, a region on the upper side of a real axis, which is given
by a linear line interconnecting SHORTED and OPEN, is a
region where the imaginary component (reactance or sus-
ceptance) is positive, and represents a state providing an
inductive reactance or an inductive susceptance. On the
other hand, a region on the lower side of the real axis is a
region where the imaginary component is negative, and
represents a state providing a capacitive reactance or a
capacitive susceptance. In the following, therefore, the
region on the upper side of the real axis of the Smith chart
is defined as an inductive region (side), and the region on the
lower side of the real axis is defined as a capacitive region
(side).

[0136] FIG. 4 illustrates Smith charts representing reflec-
tion characteristics (impedances) when viewing the side
including the filters 11 to 13 from the common junction point
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N before the common connection in this preferred embodi-
ment. In other words, those reflection characteristics repre-
sent respective reflection characteristics of the individual
filters 11 to 13 in a separated state when viewed from the
common junction point N. In FIG. 4, (al) to (a3) schemati-
cally illustrate states where the reflection characteristics
illustrated in (b1) to (b3) of FIG. 4 are measured, respec-
tively. In this preferred embodiment, the characteristic
impedance of a transfer line at the common junction point N
preferably is about 50Q, and the center of the Smith chart
also indicates about 50€2, for example. The above explana-
tion is similarly applied to Smith charts described herein-
after. It is to be noted that the characteristic impedance is not
always limited to about 50€2.

[0137] As seen from FIG. 4, in all the filters 11 to 13, the
impedances of the individual filters in the separated state
when viewed from the common junction point N are posi-
tioned in the central zones of the Smith charts in the
corresponding bands. Thus, all the individual filters 11 to 13
in the separated state establish the impedance matching in
their own pass bands.

[0138] On the other hand, in all the filters 11 to 13, the
impedances of the individual filters in the separated state
when viewed from the common junction point N are posi-
tioned away from the central zones of the Smith charts in the
pass bands of the counterpart-side filters, specifically posi-
tioned closer to the open side.

[0139] Inmore detail, the impedance of the filter 11 having
the Band3Rx band as its own pass band is positioned closer
to the open side and away from the real axis in the inductive
region in the Band1Rx band that is one of the pass bands of
the counterpart-side filters, and it is positioned substantially
at OPEN in the Band7Rx band that is the other of the pass
bands of the counterpart-side filters. Here, the word “sub-
stantially” includes not only the case of exact agreement, but
also the case of almost agreement.

[0140] The impedance of the filter 12 having the Band1Rx
band as its own pass band is positioned closer to the open
side and away from the real axis in the inductive region in
the Band3Rx band that is one of the pass bands of the
counterpart-side filters, and is positioned substantially at
OPEN in the Band7Rx band that is the other of the pass
bands of the counterpart-side filters.

[0141] The impedance of the filter 13 having the Band7Rx
band as its own pass band is positioned closer to the open
side and away from the real axis in the capacitive region in
each of the Band3Rx band and the Band1Rx band, which are
the pass bands of the counterpart-side filters.

[0142] Here, the filter 12 as one example of the first filter
and the filter 13 as one example of the second filter have
impedances of which imaginary components cancel each
other in the Band3Rx band as one example of the third
frequency band when viewed from the common junction
point N in the state where the paths 31 to 33 are not
commonly connected. More specifically, focusing on the
Band3Rx band that is the pass band of the filter 11, it is
understood that the impedances of the filters 12 and 13, i.e.,
the filters commonly connected with the filter 11, are in the
complex conjugate relationship. In other words, the imped-
ances of the filters 12 and 13 among the filters 11 to 13
except for the filter 11 are in the complex conjugate rela-
tionship in the pass band (Band3Rx band) of the filter 11
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when viewing the side including the filters 11 to 13 from the
common junction point N in the state not under the common
connection.

[0143] The filter 13 as one example of the second filter and
the filter 11 as one example of the third filter have imped-
ances of which imaginary components cancel each other in
the Band1Rx band as one example of the first frequency
band when viewed from the common junction point N in the
state where the paths 31 to 33 are not commonly connected.
More specifically, focusing on the Band1Rx band that is the
pass band of the filter 12, it is understood that the imped-
ances of the filters 11 and 13, i.e., the filters commonly-
connected with the filter 12, are in the complex conjugate
relationship. In other words, the impedances of the filters 11
and 13 among the filters 11 to 13 except for the filter 12 are
in the complex conjugate relationship in the pass band
(Band1Rx band) of the filter 12 when viewing the side
including the filters 11 to 13 as described above.

[0144] Focusing on the Band7Rx that is the pass band of
the filter 13, it is understood that the impedances of the filters
11 and 12, i.e., the filters commonly-connected with the filter
13, are infinite (have absolute values of not less than about
500€2). In other words, the impedances of the filters 11 and
12 among the filters 11 to 13 except for the filter 13 are
infinite (have absolute values of not less than about 500Q)
in the pass band (Band7Rx band) of the filter 13 when
viewing the side including the filters 11 to 13 as described
above. Thus, when viewing the filters 11 and 12 as described
above, those filters 11 and 12 are in the open state in the pass
band of the filter 13.

[0145] Here, the expression “in the complex conjugate
relationship™ implies that one impedance is inductive and
the other impedance is capacitive. More specifically, assum-
ing that one impedance is denoted by R, +jX; and the other
impedance is denoted by R,+X,, the expression “in the
complex conjugate relationship” implies that X,>0 and
X,<0 are satisfied, more restrictively that X,=-X, is satis-
fied. The expression “X,=-X, is satisfied” includes not only
the case where X ,=-X, is exactly satisfied, but also the case
where X,=-X, is substantially satisfied. Thus, a certain
amount of error is allowed. The certain amount of error is,
for example, several ten percentages and more preferably
several percentages.

[0146] The above-described relationship between X, and
X, is applied to not only the case where the relationship is
satisfied for actually measured values including measure-
ment errors, etc., but also the case where the relationship is
satisfied for design values.

[0147] The expression “the impedance is infinite” ideally
implies that the impedance is infinite, and practically implies
in this embodiment that an absolute value of the impedance
is not less than about 500Q2, for example. In other words, if
an absolute value of the impedance is not less than about
5002 when viewing the other filter from the common
junction point in a frequency band corresponding to the pass
band of one filter, an influence of the other filter is ignorable
in characteristics of the multiplexer 1 in the frequency band
of the one filter. Accordingly, when the absolute value of the
impedance is not less than about 500€2, equivalent charac-
teristics to those obtained in the case of the impedance being
infinite are able to be obtained as the characteristics of the
multiplexer 1.

[0148] By commonly connecting, at the common junction
point N, the individual filters 11 to 13 each having the
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above-described reflection characteristics in the separated
state, the reflection characteristics after the common con-
nection when viewed from the common junction point N are
given as follows.

[0149] FIG. 5 illustrates Smith charts representing reflec-
tion characteristics (impedances) when viewing the side
including the filters 11 to 13 from the common junction point
N after the common connection in this preferred embodi-
ment. In other words, those reflection characteristics repre-
sent respective reflection characteristics of the filters 11 to
13 after the common connection when viewed from the
common junction point N. In FIG. 5, (a) schematically
illustrates a state where the reflection characteristics illus-
trated in (b1) to (b3) of FIG. 5 are measured.

[0150] As seen from FIG. 5, the impedances of the filters
11 to 13 when viewed from the common junction point N
after the common connection are positioned in the central
zones of the Smith charts in all the pass bands of the filters
11 to 13 (e.g., in the Band3Rx band, the Band1Rx band, and
the Band7Rx band in this embodiment). Thus, it is under-
stood that, in the filters 11 to 13 after the common connec-
tion, the impedance matching is established in the respective
pass bands of those filters. The reason is as follows.
[0151] Regarding each of the filters 11 and 12, the imped-
ances of the individual counterpart-side filters in the sepa-
rated state when viewed from the common junction point N
are in the complex conjugate relationship in the pass band of
the filter 11 or 12. Focusing on the filter 11, for example, the
impedances of the individual counterpart-side filters (e.g.,
the filters 12 and 13) in the separated state when viewed
from the common junction point N are in the complex
conjugate relationship in the pass band (Band 3) of the filter
11. Thus, in this case, the filters 12 and 13 have, as their
impedances in Band 3, impedances having imaginary com-
ponents of which absolute values are equal or substantially
equal to each other and which are reversed in positive and
negative signs. Accordingly, when the filters 12 and 13 are
commonly connected to each other, the imaginary compo-
nents are cancelled and the combined impedance of the
counterpart-side filters in the pass band of the filter 11 when
viewed from the common junction point N has substantially
no imaginary component. Hence the filters 11 to 13 after the
common connection are each less affected in the pass band
of the filter 11 by the combined impedance of the counter-
part-side filters with respect to the filter 11. As a result, the
impedances in the pass band of the filter 11 are mainly
restricted by the impedance of the filter 11 alone. Since the
impedance matching is established for the filter 11 alone in
its own pass band as described above, the impedance match-
ing is able to be established for the filters 11 to 13 after the
common connection in the pass band of the filter 11. The
above point is similarly applied to the case of focusing on
the filter 12.

[0152] Regarding the filter 13, the impedances of the
individual counterpart-side filters (e.g., the filters 11 and 12)
in the separated state when viewed from the common
junction point N are infinite (have absolute values of not less
than about 500Q) in the pass band (Band 7) of the filter 13.
Accordingly, the filters 11 to 13 after the common connec-
tion are less affected in the pass band of the filter 13 by the
combined impedance of the counterpart-side filters with
respect to the filter 13. As a result, the impedances in the pass
band of the filter 13 are mainly restricted by the impedance
of the filter 13 alone. Since the impedance matching is
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established for the filter 13 alone in its own pass band as
described above, the impedance matching is able to be
established for the filters 11 to 13 after the common con-
nection in the pass band of the filter 13.

[0153] FIG. 6 illustrates filter characteristics (bandpass
characteristics) after the common connection in this pre-
ferred embodiment. In FIG. 6, (a) schematically illustrates a
state where the bandpass characteristics illustrated in (b1) to
(b3) of FIG. 6 are measured. More specifically, (b1) of FIG.
6 represents bandpass characteristics of the path 31 via the
filter 11. In more detail, (b1) of FIG. 6 represents an insertion
loss that is given as an absolute value of an intensity ratio
(S21) of a signal output from the individual terminal Port2
to a signal input to the common terminal Portl. Furthermore,
(b2) of FIG. 6 represents bandpass characteristics of the path
32 via the filter 12. In more detail, (b2) of FIG. 6 represents
an insertion loss that is given as an absolute value of an
intensity ratio (S31) of a signal output from the individual
terminal Port3 to the signal input to the common terminal
Portl. Moreover, (b3) of FIG. 6 represents bandpass char-
acteristics of the path 33 via the filter 13. In more detail, (b3)
of FIG. 6 represents an insertion loss that is given as an
absolute value of an intensity ratio (S41) of a signal output
from the individual terminal Port4 to the signal input to the
common terminal Portl. The above points are similarly
applied to later-described charts representing filter charac-
teristics.

[0154] As seen from FIG. 6, in the filter characteristics of
the multiplexer 1 according to this preferred embodiment,
low losses are realized in all the pass bands of the filters 11
to 13 (e.g., in the Band3Rx band, the Band1Rx band, and the
Band7Rx band in this embodiment). In other words, the
advantageous effects of providing satisfactory electrical
characteristics are able to be obtained with the multiplexer
1 according to this preferred embodiment.

[0155] The advantageous effects of the multiplexer 1
according to this preferred embodiment will be described
below in comparison with a comparative example.

[0156] First, a multiplexer 901 according to the compara-
tive example is described. FIG. 7 is a block diagram of the
multiplexer 901 according to the comparative example.

[0157] The multiplexer 901 illustrated in FIG. 7 is differ-
ent from the multiplexer 1 according to the first preferred
embodiment in that the phase adjustment circuits 21 and 22
are not disposed and hence the above-described complex
conjugate relationship is not satisfied.

[0158] FIG. 8 illustrates Smith charts representing reflec-
tion characteristics (impedances) when viewing the side
including the filters 11 to 13 from the common junction point
N before the common connection in the comparative
example. In FIG. 8, (al) to (a3) schematically illustrates
states where the reflection characteristics illustrated in (b1)
to (b3) of FIG. 8 are measured, respectively.

[0159] As seen from FIG. 8, also in the comparative
example, because the impedances of the individual filters 11
to 13 are positioned in the central zones of the Smith charts
in their own pass bands, the impedance matching is estab-
lished as in the first preferred embodiment. Regarding each
of the filters 11 to 13, however, the impedances in the pass
bands of the counterpart-side filters are positioned away
from the central zones of the Smith charts. Moreover, in the
comparative example, the above-described complex conju-
gate relationship is not satisfied and the impedances are
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positioned closer to the shorted side in a rough sense unlike
the first preferred embodiment.

[0160] The multiplexer 901 according to the comparative
example in which the filters 11 to 13 having the above-
described characteristics are commonly connected at the
common junction point N has characteristics described
below.

[0161] FIG. 9 illustrates Smith charts representing reflec-
tion characteristics (impedances) when viewing the side
including the filters 11 to 13 from the common junction point
N after the common connection in the comparative example.
In FIG. 9, (a) schematically illustrates a state where the
reflection characteristics illustrated in (b1) to (b3) of FIG. 9
are measured.

[0162] As seen from FIG. 9, in the multiplexer 901, the
impedances are positioned away from the central zones of
the Smith charts in all the pass bands of the filters 11 to 13,
specifically positioned closer to the shorted side. Thus, in the
multiplexer 901 according to the comparative example,
impedance mismatching occurs in all of the Band3Rx band,
the Band1Rx band, and the Band7Rx band.

[0163] FIG. 10 illustrates filter characteristics (bandpass
characteristics) after the common connection in the multi-
plexer 901 according to the comparative example.

[0164] As seen from comparison between FIG. 6 and FIG.
10, the multiplexer 1 according to the first preferred embodi-
ment generates smaller insertion losses in the pass bands and
hence exhibits more satisfactory electrical characteristics
than the multiplexer 901 according to the comparative
example. More specifically, in the first preferred embodi-
ment, the insertion losses are reduced in all the plurality of
pass bands (e.g., the Band3Rx band, the Band1Rx band, and
the Band7Rx band in this preferred embodiment) in com-
parison with the comparative example.

[0165] Stated in another way, in the comparative example,
the combined impedance of the counterpart-side filters in the
pass band of each filter when viewed from the common
junction point N is given as a low impedance. Accordingly,
each of the filters 11 to 13 after the common connection is
affected by the impedances of the counterpart-side filters in
the pass band of the relevant filter. In the comparative
example, therefore, losses are increased in the filter charac-
teristics of each filter.

[0166] In contrast, in the multiplexer 1 according to this
preferred embodiment, since the impedances of the (n-1)
number of filters (corresponding to the two filters 11 and 13
in this preferred embodiment) except for the first filter
(corresponding to the filter 12 in this preferred embodiment)
are in the complex conjugate relationship in the pass band of
the first filter, the (n-1) number of filters have, as their
impedances in the pass band of the first filter (the Band1Rx
band in this preferred embodiment), impedances having
imaginary components of which absolute values are equal or
substantially equal to each other and which are reversed in
positive and negative signs. Accordingly, when the (n-1)
number of filters are commonly connected to each other, the
imaginary components are cancelled and the combined
impedance of the counterpart-side filters in the pass band of
the first filter when viewed from the common junction point
N has substantially no imaginary component. Thus, the n
number of filters after the common connection are each less
affected in the pass band of the first filter by the imaginary
component of the combined impedance of the (n-1) number
of filters (i.e., the counterpart-side filters with respect to the
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first filter). Thus, the n number of filters after the common
connection realize low losses in the filter characteristics of
the first filter. As a result, the multiplexer 1 according to this
preferred embodiment provides satisfactory electrical char-
acteristics (i.e., effectively suppresses the losses).

[0167] Thus, the (n—1) number of filters have the imped-
ances having the imaginary components that cancel each
other at a pass band frequency of the first filter when viewed
from the common junction point N. Therefore, the combined
impedance when viewing the (n-1) number of filters from
the common junction point N is harder to have an imaginary
component at the pass band frequency of the first filter (i.e.,
in the pass band of the first filter). Thus, the combined
impedance when viewing the n number of filters from the
common junction point N is less affected in the pass band of
the first filter by the impedances of the (n-1) number of
filters. As a result, the multiplexer 1 according to this
preferred embodiment provides satisfactory electrical char-
acteristics.

[0168] Stated in another way, according to this preferred
embodiment, the impedances of at least two filters (corre-
sponding to the two filters 11 and 13 in this preferred
embodiment) among the n number of filters except for the
first filter are in the complex conjugate relationship at the
pass band frequency of the first filter when viewing the side
including the at least two filters from the common junction
point N in the state where the at least two corresponding
paths are not commonly connected to each other. Thus,
satisfactory electrical characteristics are able to be obtained
as described above.

[0169] Thus, the above-mentioned at least two filters have
the impedances of which imaginary components cancel each
other at the pass band frequency of the first filter when
viewed from the common junction point N in the state where
those two filters are not commonly connected. Therefore, the
combined impedance when viewing the above-mentioned at
least two filters from the common junction point N is harder
to have an imaginary component in the pass band of the first
filter. Accordingly, by appropriately adjusting the imped-
ances of the other (counterpart-side) filters, the combined
impedance when viewing the n number of filters from the
common junction point N is less affected in the pass band of
the first filter by the impedances of the counterpart-side
filters. Thus, satisfactory electrical characteristics are able to
be obtained.

[0170] Here, in trying to realize low losses in the filter
characteristics of all the n number of filters, regarding the
filter (corresponding to the filter 11 in this preferred embodi-
ment) that has the pass band positioned at the lowest
frequency level, an inductive component or a capacitive
component of the counterpart-side filter having one (corre-
sponding to the pass band of the filter 13 in this preferred
embodiment) among the frequency bands of the counterpart-
side filters (e.g., between the pass bands of the filters 12 and
13 in this preferred embodiment), the one having the fre-
quency farthest away, is increased. In this preferred embodi-
ment, both the impedance of the filter 11 in the pass band of
the counter-part side filter 13 and the impedance of the filter
12 in the pass band of the counter-part side filter 13 become
capacitive, and a capacitive component of the combined
impedance is further increased. This greatly shifts the
impedance of the filter 13 toward the capacitive side, and
degrades the characteristics. Such a phenomenon is more
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significant particularly when frequency intervals among the
number n of pass bands are large.

[0171] Thus, low losses are able to be realized in the filter
characteristics of all the n number of filters on condition that,
when the pass bands of the n number of filters are arrayed
in the order of frequency, the pass band of the first filter is
the pass band other than those positioned at the lowest
frequency level and the highest frequency level, and that the
above-described complex conjugate relationship is satisfied
with respect to the (n-1) number of filters except for the first
filter.

[0172] Particularly, in this preferred embodiment, the pass
bands of the first filter and the other filters are apart from
each other in excess of the pass band width of the first filter
(e.g., the pass band width of about 60 MHz of the filter 12
in this preferred embodiment).

[0173] When the above-mentioned frequency relationship
is satisfied, it is generally quite difficult to realize low losses
because of high difficulty in reducing the imaginary com-
ponent of the impedance of each of the (n-1) number of
filters that are the counterpart-side filters with respect to the
first filter. According to this preferred embodiment, however,
by setting conditions to satisfy the above-described complex
conjugate relationship, low losses are able to be realized in
the filter characteristics of the first filter for which it is quite
difficult to reduce the losses.

[0174] Furthermore, according to this preferred embodi-
ment, since the impedances of the (n-1) number of filters are
in the complex conjugate relationship on the open side, the
combined impedance of the counterpart-side filters in the
pass band of the first filter when viewed from the common
junction point N is able to be given as a high impedance.
Accordingly, the n number of filters after the common
connection realize low losses in the filter characteristics of
the first filter.

[0175] Thus, the (n—1) number of filters have the imped-
ances having the imaginary components that cancel each
other at the pass band frequency of the first filter on the open
side, i.e., in the region on the right side of the center of the
Smith chart, when viewed from the common junction point
N in the state where the (n-1) number of filters are not
commonly connected. Therefore, the combined impedance
when viewing the (n-1) number of filters from the common
junction point N is given as a high impedance, which is
positioned on the right side of the center of the Smith chart,
in the pass band of the first filter. Accordingly, leakage of a
radio frequency signal in the pass band of the first filter to
the (n—1) number of filters is effectively suppressed, such
that more satisfactory electrical characteristics are able to be
obtained in the path passing the first filter.

[0176] Stated in another way, according to this preferred
embodiment, the impedances of the above-mentioned at
least two filters (corresponding to the two filters 11 and 13
in this embodiment) are in the complex conjugate relation-
ship at the pass band frequency of the first filter on the open
side, i.e., in the region on the right side of the center of the
Smith chart, when viewing the at least two filters from the
common junction point N in the state where those two filters
are not commonly connected. Hence low losses are able to
be realized in the filter characteristics of the first filter as
described above.

[0177] Thus, the above-mentioned at least two filters have
the impedances of which imaginary components cancel each
other at the pass band frequency of the first filter on the open
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side, i.e., in the region on the right side of the center of the
Smith chart, when viewed from the common junction point
N in the state where those two filters are not commonly
connected. Therefore, the combined impedance when view-
ing the above-mentioned at least two filters from the com-
mon junction point N is given as a high impedance in the
pass band of the first filter. Accordingly, leakage of a radio
frequency signal in the pass band of the first filter to the
above-mentioned at least two filters is effectively sup-
pressed, such that more satisfactory electrical characteristics
are able to be obtained in the path passing the first filter.
[0178] Moreover, according to this preferred embodiment,
the impedances of the (n—1) number of filters (correspond-
ing to the filters 11 and 12 in this preferred embodiment)
except for the second filter (corresponding to the filter 13 in
this preferred embodiment) are infinite (have absolute values
of not less than about 500€2) in the pass band of the second
filter (the Band7Rx band in this preferred embodiment).
Accordingly, the combined impedance of the counterpart-
side filters in the pass band of the second filter when viewed
from the common junction point N can be given as a high
impedance in the pass band of the second filter. As a result,
the n number of filters after the common connection realize
low losses in the filter characteristics of the second filter.
Thus, leakage of a radio frequency signal in the pass band
of the second filter to the above-mentioned (n-1) number of
filters is effectively suppressed, such that more satisfactory
electrical characteristics are able to be obtained in the path
passing the second filter.

[0179] In addition, according to this preferred embodi-
ment, the impedances of the (n-1) number of filters (corre-
sponding to the filters 12 and 13 in this embodiment) except
for the third filter (corresponding to the filter 11 in this
preferred embodiment) are in the complex conjugate rela-
tionship in the pass band of the third filter (the Band3Rx
band in this preferred embodiment). Accordingly, the above-
mentioned (n-1) number of filters have, as their impedances
in the pass band of the third filter, impedances having
imaginary components of which absolute values are equal or
substantially equal to each other and which are reversed in
positive and negative signs. Hence the n number of filters
after the common connection realize low losses in the filter
characteristics of the third filter as in the filter characteristics
of the first filter.

[0180] Particularly, in this preferred embodiment, because
the n number of filters are provided by three filters, low
losses are able to be realized in the filter characteristics of all
the first to third filters on condition that the above-described
relations are satisfied with respect to the first to third filters.
[0181] In other words, the combined impedance when
viewing the second filter and the third filter from the
common junction point is harder to have an imaginary
component in the pass band of the first filter. Accordingly,
the combined impedance when viewing the three filters from
the common junction point is less affected in the pass band
of the first filter by the impedances of the second filter and
the third filter. As a result, the triplexer capable of providing
satisfactory electrical characteristics is realized.

[0182] The combined impedance when viewing the first
filter and the second filter from the common junction point
is harder to have an imaginary component at the pass band
frequency of the third filter (i.e., in the pass band of the third
filter). Accordingly, the combined impedance when viewing
the three filters from the common junction point is less
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affected in the pass band of the third filter by the impedances
of the first filter and the second filter. Thus, with the
multiplexer according to this preferred embodiment, low
losses are realized in the path passing the third filter. As a
result, the triplexer capable of providing more satisfactory
electrical characteristics is realized.

[0183] The combined impedance when viewing the first
filter and the third filter from the common junction point is
given as a high impedance in the pass band of the second
filter. Accordingly, leakage of a radio frequency signal in the
pass band of the second filter to the first filter and the third
filter is effectively suppressed, such that more satisfactory
electrical characteristics are able to be obtained in the path
passing the second filter. As a result, the triplexer capable of
providing more satisfactory electrical characteristics is real-
ized.

[0184] According to this preferred embodiment, the
above-described complex conjugate relationship is easily
realized with the provision of the phase adjustment circuits
21 and 22. Thus, the triplexer capable of providing satis-
factory electrical characteristics is realized with this pre-
ferred embodiment.

[0185] According to this preferred embodiment, each of
the phase adjustment circuits 21 and 22 preferably is an LC
matching circuit. Therefore, regarding the filters in which
the impedance matching is not established in their own pass
bands in the state not including the phase adjustment circuits
21 and 22, adjustment is able to be made in such a manner
that the impedance matching is established in their own pass
bands while the impedances in the pass bands of the coun-
terpart-side filters satisfy the above-described complex con-
jugate relationship.

First Modification

[0186] In the multiplexer 1, the phase adjustment circuits
21 and 22 may share common elements with each other.
FIG. 11 is a block diagram of a multiplexer 1A having such
a configuration according to a first modification of a pre-
ferred embodiment of the present invention.

[0187] The multiplexer 1A illustrated in FIG. 11 is differ-
ent from the multiplexer 1 according to the first preferred
embodiment in including the phase adjustment circuits 21A
and 22A and an inductor 1.231 instead of the phase adjust-
ment circuits 21 and 22.

[0188] The phase adjustment circuit 21A is different from
the phase adjustment circuit 21 in the first preferred embodi-
ment in not including the inductor 1.211 that is an impedance
element disposed in the phase adjustment circuit 21 on the
side closer to the common junction point N. The phase
adjustment circuit 22A is different from the phase adjust-
ment circuit 22 in the first preferred embodiment in not
including the inductor [.221 that is an impedance element
disposed in the phase adjustment circuit 22 on the side closer
to the common junction point N.

[0189] The inductor 1.231 is disposed between the com-
mon junction point N and the filters 11 to 13. More specifi-
cally, the inductor [.231 is disposed between the common
junction point N and the phase adjustment circuits 21 and
22. It is assumed that a path interconnecting the inductor
1231 and the common junction point N, illustrated in FIG.
11, ideally has an electrical length of zero.

[0190] Inother words, the configuration of the multiplexer
1A is different from the configuration of the multiplexer 1
according to the first preferred embodiment in that the
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inductor [.211 of the phase adjustment circuit 21 and the
inductor 1.221 of the phase adjustment circuit 22 are
replaced with the common inductor 1.231.

[0191] The multiplexer 1A having the above-described
configuration also provides satisfactory electrical character-
istics with the feature of satisfying a similar complex
conjugate relationship to that in the first preferred embodi-
ment.

Second Modification

[0192] In the first preferred embodiment, the phase adjust-
ment circuit is described in connection with the case of
including an LC matching circuit, for example. However,
the phase adjustment circuit may be in the form of a
microstripline. A multiplexer including such a phase adjust-
ment circuit is described in a second meodification of a
preferred embodiment of the present invention.

[0193] FIG. 12 is a block diagram of a multiplexer 201
according to the second modification.

[0194] A multiplexer 201 illustrated in FIG. 12 is different
from the multiplexer 1 according to the first preferred
embodiment in including microstriplines (MSL) 221 and
222 instead of the phase adjustment circuits 21 and 22. Thus,
this modification includes the MSL 221, which is connected
in series in the path 31, as a phase adjustment circuit instead
of the phase adjustment circuit 21. This modification further
includes the MSL 222, which is connected in series in the
path 32, as a phase adjustment circuit instead of the phase
adjustment circuit 22.

[0195] The MSL 221 and the MSL 222 have substantially
the same configuration except that filters for which phases
are to be adjusted by the MSL 221 and the MSL 222 are
different corresponding to the difference in paths to which
they are connected. Accordingly, the following description is
made about the MSL 221, and description of the MSL 222
is simplified.

[0196] The MSL 221 rotates the phase of the filter 11 in the
positive direction (clockwise) when viewed from the com-
mon junction point N, and a length of the MSL 221 specifies
a rotational angle of the phase. On that occasion, by setting
the characteristic impedance of the MSL 221 to be equal to
the impedance of a transfer system, such as the characteristic
impedance of another transfer line, only the rotation of the
phase is able to be performed without changing the state of
impedance matching in the pass band of the filter 11
(namely, while maintaining the reflection coefficient). It is to
be noted that the characteristic impedances of the MSLs 221
and 222 may be each different from the impedance of the
transfer system.

[0197] Thus, the MSLs 221 and 222 adjust the phases of
the corresponding filters such that the above-described com-
plex conjugate relationship is satisfied when viewing the
side including the filters 11 to 13 from the common junction
point N in the state before the common connection (namely,
when viewing the individual filters 11 to 13 in the separated
state from the common junction point N).

[0198] As illustrated by an equivalent circuit diagram
within a dotted-line frame in FIG. 12, an equivalent circuit
of the MSL 221 is expressed by inductors connected in
series in the path 31, and by capacitors each connected in
series in a path interconnecting the path 31 and the ground.
The MSL 222 also has a similar equivalent circuit to that
described above. In other words, the phase adjustment
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circuit may include inductors and capacitors, which are
arranged as described above, without being limited to the
use of MSLs.

[0199] FIG. 13 illustrates Smith charts representing reflec-
tion characteristics when viewing the side including the
filters 11 to 13 from the common junction point N before the
common connection in this modification.

[0200] As seen from FIG. 13, in all the filters 11 to 13, the
impedances of the individual filters in the separated state are
positioned in the central zones of the Smith charts in the
corresponding bands as in the first preferred embodiment.
On the other hand, in all the filters 11 to 13, the impedances
of the individual filters in the separated state are positioned
away from the central zones of the Smith charts in the pass
bands of the counterpart filters as in the first preferred
embodiment.

[0201] Focusing on the Band3Rx band that is the pass
band of the filter 11, in this modification, the impedances of
the filters 12 and 13, i.e., the counterpart-side filters with
respect to the filter 11, are in the complex conjugate rela-
tionship as in the first preferred embodiment. Focusing on
the Band1Rx band that is the pass band of the filter 12, in
this modification, the impedances of the filters 11 and 13,
i.e., the counterpart-side filters with respect to the filter 12,
are in the complex conjugate relationship as in the first
preferred embodiment. Focusing on the Band7Rx band that
is the pass band of the filter 13, in this modification, the
impedances of the filters 11 and 12, i.e., the counterpart-side
filters with respect to the filter 13, are infinite (have absolute
values of not less than about 500LQ2) as in the first preferred
embodiment.

[0202] By commonly connecting, at the common junction
point N, the individual filters 11 to 13 each having the
above-described reflection characteristics in the separated
state, the reflection characteristics after the common con-
nection when viewed from the common junction point N are
given as follows.

[0203] FIG. 14 illustrates Smith charts representing reflec-
tion characteristics (impedances) when viewing the side
including the filters 11 to 13 from the common junction point
N after the common connection in this modification. In FIG.
14, (a) schematically illustrates a state where the reflection
characteristics illustrated in (b1) to (b3) of FIG. 14 are
measured.

[0204] As seen from FIG. 14, the impedances of the filters
11 to 13 when viewed from the common junction point N
after the common connection are positioned in the central
zones of the Smith charts in all the pass bands of the filters
11 to 13 (e.g., in the Band3Rx band, the Band1Rx band, and
the Band7Rx band in this modification). Thus, it is under-
stood that, in the filters 11 to 13 after the common connec-
tion, the impedance matching is established in the respective
pass bands of those filters in this modification as in the first
preferred embodiment.

[0205] FIG. 15 illustrates filter characteristics (bandpass
characteristics) after the common connection in this modi-
fication.

[0206] As seen from FIG. 15, in the filter characteristics of
the multiplexer 201 according to this modification, low
losses are realized in all the pass bands of the filters 11 to 13
(e.g., in the Band3Rx band, the Band1Rx band, and the
Band7Rx band in this modification). In other words, the
advantageous effects of providing satisfactory electrical
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characteristics are able to be obtained with the multiplexer
201 according to this modification.

[0207] Thus, the multiplexer 201 according to this modi-
fication also provides satisfactory electrical characteristics,
as in the first preferred embodiment, with the feature of
satisfying the above-described complex conjugate relation-
ship.

[0208] Furthermore, according to this modification, since
the phase adjustment circuit includes the microstripline
(MSL 221 or 222 in this modification), the phase adjustment
circuit does not include impedance elements such as an
inductor and a capacitor. Therefore, the configuration of the
multiplexer 201 is simplified, and man-hours needed in a
manufacturing process are reduced corresponding to the
simplified configuration.

[0209] A component of the phase adjustment circuit not
including impedance elements is not limited to the
microstripline, and another transfer line, such as a coplanar
line or a stripline, may also be used.

[0210] Moreover, the phase adjustment circuit may
include, instead of the microstripline, impedance elements
that realize an equivalent circuit (see the dotted-line frame in
FIG. 12) of the microstripline. In other words, the phase
adjustment circuit may include inductors connected in series
in a path in which the corresponding filter is disposed, and
capacitors each connected in series in a path interconnecting
the relevant path and the ground. With such a configuration,
the impedance when viewing the relevant filter from the
common junction point N in the state before the common
connection can be moved on the Smith chart toward the
capacitive side along a circle passing SHORTED and toward
the inductive side along a circle passing OPEN. Thus, since
the phase of the above-mentioned impedance is able to be
changed, the above-described complex conjugate relation-
ship is able to be satisfied by appropriately adjusting con-
stants of the impedance elements. As a result, the above-
described configuration also provides satisfactory electrical
characteristics as in the first preferred embodiment.

Third Modification

[0211] In the first preferred embodiment and the first and
second modifications described above, the impedances of
the filters 12 and 13 preferably are in the complex conjugate
relationship in the pass band (Band3Rx band) of the filter 11
when viewing the side including the filters 11 to 13 from the
common junction point N in the state before the common
connection (namely, when viewing the individual filters 11
to 13 in the separated state from the common junction point
N). The impedances of the filters 11 and 13 preferably are in
the complex conjugate relationship in the pass band
(Band1Rx band) of the filter 12 when viewing the side
including the filters 11 to 13 in a similar manner to that in
the above case. The impedances of the filters 11 and 12 are
infinite (have absolute values of not less than about 500Q)
in the pass band (Band7Rx band) of the filter 13 when
viewing the side including the filters 11 to 13 in a similar
manner to that in the above case. However, combinations of
the filters and their pass bands in which the impedances
satisfy the complex conjugate relationship are not limited to
the above-mentioned ones. Moreover, combinations of the
filters and their pass bands in which the impedances become
infinite (have absolute values of not less than about 500Q)
are also not limited to the above-mentioned one. From that
point of view, an example of such a modified multiplexer
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will be described in a third modification of a preferred
embodiment of the present invention.

[0212] FIG. 16 is a block diagram of a multiplexer 301
according to the third modification.

[0213] The multiplexer 301 illustrated in FIG. 16 is dif-
ferent from the multiplexer 1 according to the first preferred
embodiment in including phase adjustment circuits 321 and
322 instead of the phase adjustment circuits 21 and 22,
respectively, and further including a phase adjustment cir-
cuit 323 between the common junction point N and the filter
13.

[0214] The phase adjustment circuits 321 to 323 are each
an L.C matching circuit including one or more inductors and
one or more capacitors, like the phase adjustment circuits 21
and 22 in the first preferred embodiment. More specifically,
the phase adjustment circuit 321 includes a capacitor C311
and inductors [.311 and 1.312, the phase adjustment circuit
322 includes a capacitor C321 and inductors [.321 and 1.322,
and the phase adjustment circuit 322 includes a capacitor
C331 and inductors [.331 and [.332.

[0215] The phase adjustment circuits 321 to 323 are
similar in configuration to the phase adjustment circuits 21
and 22 except that the circuit constants of those phase
adjustment circuits are different corresponding to the differ-
ences in combination of filters and their pass bands in which
impedances are in the complex conjugate relationship or
infinite (have absolute values of not less than about 500€2).
Accordingly, description of detailed configurations of those
phase adjustment circuits is omitted.

[0216] FIG. 17 illustrates Smith charts representing reflec-
tion characteristics when viewing the side including the
filters 11 to 13 from the common junction point N before the
common connection in this modification.

[0217] As seen from FIG. 17, in all the filters 11 to 13, the
impedances of the individual filters in the separated state are
positioned in the central zones of the Smith charts in the
corresponding bands as in the first preferred embodiment.
Furthermore, in all the filters 11 to 13, the impedances of the
individual filters in the separated state are positioned away
from the central zones of the Smith charts in the pass bands
of'the counterpart filters as in the first preferred embodiment.
[0218] Focusing on the Band3Rx band that is the pass
band of the filter 11, in this modification, the impedances of
the filters 12 and 13, i.e., the counterpart-side filters with
respect to the filter 11, are infinite (have absolute values of
not less than about 500€2) unlike the first preferred embodi-
ment. Focusing on the Band1Rx band that is the pass band
of the filter 12, in this modification, the impedances of the
filters 11 and 13, i.e., the counterpart-side filters with respect
to the filter 12, are in the complex conjugate relationship as
in the first preferred embodiment. Focusing on the Band7Rx
band that is the pass band of the filter 13, in this modifica-
tion, the impedances of the filters 11 and 12, i.e., the
counterpart-side filters with respect to the filter 13, are in the
complex conjugate relationship unlike the first preferred
embodiment.

[0219] By commonly connecting, at the common junction
point N, the individual filters 11 to 13 each having the
above-described reflection characteristics in the separated
state, the reflection characteristics after the common con-
nection when viewed from the common junction point N are
given as follows.

[0220] FIG. 18 illustrates Smith charts representing reflec-
tion characteristics (impedances) when viewing the side
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including the filters 11 to 13 from the common junction point
N after the common connection in this modification. In FIG.
18, (a) schematically illustrates a state where the reflection
characteristics illustrated in (b1) to (b3) of FIG. 18 are
measured.

[0221] As seen from FIG. 18, the impedances of the filters
11 to 13 when viewed from the common junction point N
after the common connection are positioned in the central
zones of the Smith charts in all the pass bands of the filters
11 to 13 (e.g., in the Band3Rx band, the Band1Rx band, and
the Band7Rx band in this modification). Thus, it is under-
stood that, even in this modification different from the first
preferred embodiment in the combination of the filters and
their pass bands in which the impedances are in the complex
conjugate relationship or infinite (have absolute values of
not less than about 500 CI), the filters 11 to 13 after the
common connection exhibit the impedance matching in the
respective pass bands of those filters as in the first preferred
embodiment.

[0222] FIG. 19 illustrates filter characteristics (bandpass
characteristics) after the common connection in this modi-
fication.

[0223] As seen from FIG. 19, in the filter characteristics of
the multiplexer 301 according to this modification, low
losses are realized in all the pass bands of the filters 11 to 13
(e.g., in the Band3Rx band, the Band1Rx band, and the
Band7Rx band in this modification). In other words, the
advantageous effects of providing satisfactory electrical
characteristics are able to be obtained with the multiplexer
301 according to this modification.

[0224] Thus, the multiplexer 301 according to this
modification\also provides satisfactory electrical character-
istics, as in the first preferred embodiment, with the feature
of satisfying the above-described complex conjugate rela-
tionship.

Fourth Modification

[0225] In the first preferred embodiment and the first to
third modifications described above, in each of the number
n (three in the above description) of pass bands, the imped-
ances of the (n-1) number of filters (two counterpart-side
filters in the above description) of which pass bands are the
pass bands of the counterpart-side filters with respect to the
relevant pass band are in the complex conjugate relationship
or infinite (have absolute values of not less than about
500€2). However, the impedances are not always required to
be in the complex conjugate relationship or infinite (have
absolute values of not less than about 500Q) in any of the
pass bands. From that point of view, an example of such a
modified multiplexer will be described in a fourth modifi-
cation of a preferred embodiment of the present invention.
[0226] FIG. 20 is a block diagram of a multiplexer 401
according to the fourth modification.

[0227] The multiplexer 401 illustrated in FIG. 20 is dif-
ferent from the multiplexer 1 according to the first preferred
embodiment in including phase adjustment circuits 421 and
422 instead of the phase adjustment circuits 21 and 22,
respectively, and further including a phase adjustment cir-
cuit 423 between the common junction point N and the filter
13.

[0228] The phase adjustment circuits 421 to 423 individu-
ally correspond to the filters 11 to 13 in the mentioned order,
and are disposed between the corresponding filters and the
common junction point N, respectively. Although configu-
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rations of the phase adjustment circuits 421 to 423 are not
limited to particular ones, they may be similar, by way of
example, to those of the phase adjustment circuits in the first
embodiment and the first to third modifications described
above. By appropriately adjusting respective constants, etc.
of the phase adjustment circuits 421 to 423, the pass band of
the counterpart-side filters can be made, for example, as far
as open with respect to the impedance of corresponding one
of the filters.

[0229] FIG. 21 illustrates Smith charts representing reflec-
tion characteristics when viewing the side including the
filters 11 to 13 from the common junction point N before the
common connection in this modification.

[0230] As seen from FIG. 21, in all the filters 11 to 13, the
impedances of the individual filters in the separated state are
positioned in the central zones of the Smith charts in the
corresponding bands as in the first preferred embodiment.
Furthermore, in all the filters 11 to 13, the impedances of the
individual filters in the separated state are positioned away
from the central zones of the Smith charts in the pass bands
of the counterpart-side filters as in the first preferred
embodiment.

[0231] Focusing on the Band1Rx band that is the pass
band of the filter 12, in this modification, the impedances of
the filters 11 and 13 are in the complex conjugate relation-
ship as in the first preferred embodiment. However, focusing
on the Band3Rx band that is the pass band of the filter 11,
in this modification, the impedances of the filters 12 and 13
are positioned in the inductive region and they are not in the
complex conjugate relationship unlike the first preferred
embodiment. Focusing on the Band7Rx band that is the pass
band of the filter 13, in this modification, the impedances of
the filters 11 and 12 are both not infinite (do not have
absolute values of not less than about 500Q2) unlike the first
preferred embodiment.

[0232] By commonly connecting, at the common junction
point N, the individual filters 11 to 13 each having the
above-described reflection characteristics in the separated
state, the reflection characteristics after the common con-
nection when viewed from the common junction point N are
given as follows.

[0233] FIG. 22 illustrates Smith charts representing reflec-
tion characteristics (impedances) when viewing the side
including the filters 11 to 13 from the common junction point
N after the common connection in this modification. In FIG.
22, (a) schematically illustrates a state where the reflection
characteristics illustrated in (b1) to (b3) of FIG. 22 are
measured.

[0234] As seen from FIG. 22, the impedances of the filters
11 to 13 when viewed from the common junction point N
after the common connection are positioned such that, while
the impedance in the Band1Rx band is positioned in the
central zone of the Smith chart, the impedance in the
Band3Rx band is positioned away from the central zone of
the Smith chart toward the inductive side and the impedance
in the Band7Rx band is positioned away from the central
zone of the Smith chart toward the capacitive side.

[0235] The reason is as follows. Focusing on the filter 11,
the impedances of the individual counterpart-side filters
(filters 12 and 13) in the separated state when viewed from
the common junction point N are not in the complex
conjugate relationship and are positioned offset toward the
inductive side in the pass band of the filter 11 (i.e., in the
Band3Rx band). Moreover, focusing on the filter 13, the
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impedances of the individual counterpart-side filters (filters
11 and 12) in the separated state when viewed from the
common junction point N are not in the complex conjugate
relationship and are positioned offset toward the capacitive
side in the pass band of the filter 13 (i.e., in the Band7Rx
band).

[0236] Stated in another way, in this modification, when
viewing the side including the filters 11 to 13 from the
common junction point N after the common connection, the
state of impedance matching degrades (namely, the reflec-
tion coefficient increases) in part of the pass bands (i.e., in
the Band3Rx band and the Band7Rx band) in comparison
with the first preferred embodiment.

[0237] FIG. 23 illustrates filter characteristics (bandpass
characteristics) after the common connection in this modi-
fication.

[0238] As seen from comparison between FIG. 23 and
FIG. 6, in the filter characteristics of the multiplexer 401
according to this modification, the filter characteristics in the
Band3Rx band and the Band7Rx band slightly degrade
(namely, losses slightly increase) in comparison with the
filter characteristics of the multiplexer 1 according to the
first preferred embodiment, whereas losses in the Band1Rx
band are equivalent. In other words, even the multiplexer
401 according to this modification also provides the advan-
tageous effect of providing satisfactory electrical character-
istics (namely, suppressing the losses) in at least one pass
band (e.g., the Band1Rx band in this modification).

[0239] Thus, the multiplexer 401 according to this modi-
fication also provides satisfactory electrical characteristics
in at least one pass band, as in the first preferred embodi-
ment, with the feature of satistying the above-described
complex conjugate relationship.

[0240] The above-described multiplexer 401 is able to be
applied to a situation in which demanded upper limits of the
losses are different between or among a plurality of pass
bands depending on demanded specifications and so on.
More specifically, individual filters are designed to satisfy
the above-described complex conjugate relationship for only
other filters than a filter having, as its pass band, some Band
for which the upper limit of losses is strictly demanded. With
that design, low losses are able to be realized in the filter
characteristics of the filter having, as its pass band, the Band
for which the upper limit of losses is strictly demanded, and
the demanded specifications are able to be satisfied. At the
same time, the circuit configuration of the multiplexer 401
is prevented from being complicated, and man-hours needed
for adjusting constants of circuit elements, etc. are reduced.

Fifth Modification

[0241] The first preferred embodiment and the first to
fourth modifications have been described on an assumption
that the number n (for example, three filters 11 to 13 in the
above description) of filters are each a bandpass filter. In
other words, the above description is made with regard to the
multiplexer including the number n of bandpass filters.
However, the preferred embodiments of the present inven-
tion can be further applied to a multiplexer including a band
rejection filter, such as a notch filter, without being limited
to the bandpass filter. From that point of view, an example
of such a modified multiplexer will be described in a fifth
modification of a preferred embodiment of the present
invention.
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[0242] FIG. 24 is a block diagram of a multiplexer 701
according to this modification.

[0243] The multiplexer 701 illustrated in FIG. 24 is dif-
ferent from the multiplexer 1 according to the first preferred
embodiment in including filters 711 to 713 instead of the
filters 11 to 13, respectively, and further including a phase
adjustment circuit 723 without including the phase adjust-
ment circuits 21 and 22.

[0244] The filter 711 is located in the path 31 connecting
the common terminal Portl and the individual terminal
Port2 to each other. In this modification, the filter 711 is a
bandpass filter (band passing filter) preferably having a pass
band given as Band 41 of the LTE, for example.

[0245] The filter 712 is located in the path 32 connecting
the common terminal Portl and the individual terminal
Port3 to each other. In this modification, the filter 712 is a
bandpass filter having a pass band given as Band 40 of the
LTE. It is to be noted that, in this modification, the pass band
of the filter 712 is restricted to a lower frequency-side
channel of Band 40 to ensure attenuation in ISM 2.4 G band,
for example.

[0246] The filter 713 is located in the path 33 connecting
the common terminal Portl and the individual terminal
Port4 to each other. In this modification, the filter 713 is a
notch filter (band rejection filter) preferably having, as an
attenuation band, Band 41 and 40 of the LTE (called first
frequency band), for example. Thus, the pass band of the
filter 713 is different from the pass bands of the filters 711
and 712. More specifically, a pass band frequency of the
filter 713 on the lower frequency side is lower than respec-
tive pass band frequencies of the filters 711 and 712. In this
modification, the filter 713 is a notch filter having a pass
band on the lower frequency side, which is given as LMB
(low-middle band: about 1476 MHz to about 2026 MHz)
and MB (middle band: about 2110 MHz to about 2200
MHz), for example. Examples of LMB and MB are Band 1,
Band 2, Band 3, Band 4, Band 11, Band 21, Band 25, Band
32, Band 34, Band 39, and Band 66.

[0247] In this modification, each of the filters 711 to 713
preferably is an acoustic wave filter including one or more
acoustic wave resonators, like the filters 11 to 13 in the first
preferred embodiment.

[0248] As illustrated in FIG. 24, one of the one or more
acoustic wave resonators of the filter 713 on the side closest
to the common junction point N is a parallel resonator pl
(parallel arm resonator) that is connected in series in a path
interconnecting the path 33 in which the filter 713 is
disposed and the ground. In other words, the filter 713 is an
acoustic wave filter including, at a start point of the filter, the
parallel resonator pl on the side closest to the common
junction point N.

[0249] The parallel resonator p1 may include a plurality of
divided resonators that are obtained, for example, by divid-
ing the one parallel resonator p1 in series. Furthermore, the
parallel resonator pl is not always required to be directly
connected to the path 33 or the ground, and it may be
connected thereto via another parallel resonator, an imped-
ance element, or the like.

[0250] The phase adjustment circuit 723 adjusts a phase of
the filter 713 such that the complex conjugate relationship,
described above in the first preferred embodiment, is satis-
fied when viewing the side including the three filters 711 to
713 from the common junction point N in the state before
the common connection where the three paths 31 to 33 are
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not commonly connected. More specifically, the phase
adjustment circuit 723 is an inductor [.731 disposed between
the common junction point N and the filter 713 and con-
nected in series in the path 33 where the filter 713 is
disposed.

[0251] Thus, in the multiplexer 701 according to this
modification, at least one filter (e.g., the filter 713 in this
modification) includes a notch filter, and a serial inductor
(e.g., the inductor [.731) is inserted on the side closer to the
common junction point N of the notch filter. Furthermore,
the pass band frequencies of the three filters 711 to 713 are
not overlapped with one another, and the pass band fre-
quency of the filter 713 (notch filter) is lower than the pass
band frequencies of the other filters 711 and 712. Moreover,
the filter 713 includes the acoustic wave resonator (e.g., the
parallel resonator p1) that is shunt-connected to the above-
mentioned serial inductor.

[0252] Characteristics of the multiplexer 701 will be
described below.

[0253] FIG. 25 illustrates Smith charts representing reflec-
tion characteristics when viewing the side including the
filters 711 to 713 from the common junction point N before
the common connection in this modification.

[0254] As seen from FIG. 25, in all the filters 711 to 713,
the impedances of the individual filters in the separated state
are positioned in the central zones of the Smith charts in the
corresponding bands as in the first preferred embodiment.
Furthermore, in all the filters 711 to 713, the impedances of
the individual filters in the separated state are positioned
away from the central zones of the Smith charts in the pass
bands of the counterpart-side filters as in the first preferred
embodiment.

[0255] Focusing on Band 41 that is the pass band of the
filter 711, the impedances of the filters 712 and 713 are in the
complex conjugate relationship. Focusing on Band 40 that is
the pass band of the filter 712, the impedances of the filters
711 and 713 are in the complex conjugate relationship.
[0256] By commonly connecting, at the common junction
point N, the individual filters 711 to 713 each having the
above-described reflection characteristics in the separated
state, the impedance matching is able to be established in
each of Band 41 and 40 in the reflection characteristics after
the common connection when viewed from the common
junction point N.

[0257] FIG. 26 illustrates filter characteristics (bandpass
characteristics) after the common connection in this modi-
fication.

[0258] As seen from FIG. 26, the multiplexer 701 accord-
ing to this modification also provides the advantageous
effect of providing satisfactory electrical characteristics
(namely, suppressing the losses) in all the pass bands (Band
40, Band 41, and LMB-MB in this modification) as in the
first preferred embodiment. The reason why the above-
mentioned advantageous effect is able to be obtained will be
described below with reference to FIGS. 27 and 28 by
comparing this modification and a comparative example of
this modification.

[0259] FIG. 27 illustrates reflection characteristics of the
filter 713 (notch filter) in this modification. FIG. 28 illus-
trates reflection characteristics of a filter 913 (notch filter) in
a comparative example of this modification. The filter 913 in
the comparative example is similar to the filter 713 in this
modification except that the acoustic wave resonator dis-
posed on the side closer to the common junction point N is
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a serial resonator sl (serial arm resonator) connected in
series in the path 33. Accordingly, detailed description of the
filter 913 is omitted.

[0260] The Smith charts illustrated at the upper right
denoted by (b3-1) in FIG. 27 and at the right denoted by
(b3-1) in FIG. 28 represent the impedances of the filters 713
and 913 on the side including the common junction point N.
As seen from comparing those Smith charts, the filter 713 in
which the acoustic wave resonator on the side closer to the
common junction point N is the parallel resonator pl is able
to rotate its impedance at each of pass band frequencies of
the counterpart-side filters (e.g., in Band 41 as the pass band
of the filter 711 and Band 40 as the pass band of the filter
712) clockwise relative to the impedance of the filter 913 in
which the acoustic wave resonator on the side closer to the
common junction point N is the serial resonator s1, thereby
advancing the phase.

[0261] In this modification, as illustrated in a lower col-
umn of FIG. 27, with the addition of the phase adjustment
circuit 723 including the inductor 1731 that is connected in
series in the path 33, the impedance when viewing the filter
713 side from the common junction point N is rotated
clockwise to advance the phase. As a result, the impedances
at the pass band frequencies of the counterpart-side filters
are shifted to the inductive side.

[0262] On that occasion, the impedance when viewing the
filter 713 side from the common junction point N is rotated
to a larger extent on the Smith chart at each of the pass band
frequencies of the counterpart-side filters as an inductance
value of the inductor L731 connected in series increases.
Accordingly, even in the filter 913 in the comparative
example, the impedances at the pass band frequencies of the
counterpart-side filters are shifted to the inductive side by
increasing the inductance value of the inductor L731. How-
ever, because the inductor 731 is connected in series in the
path 33 through which a radio frequency signal is trans-
ferred, an increase of the inductance value increases losses
in the pass band of the filter 713.

[0263] On the other hand, according to this modification,
regarding the filter 713 before adding the inductor [.731, the
impedances at the pass band frequencies of the counterpart-
side filters are able to be rotated clockwise on the Smith
chart in comparison with the filter 913 in the comparative
example. Thus, the impedances at the pass band frequencies
of the counterpart-side filters are able to be shifted to the
inductive side with the inductor [.731 having a relatively
small inductance value. As a result, this modification is able
to suppress the losses in the pass band of the filter 713 while
satisfactory electrical characteristics are ensured.

[0264] Thus, with the multiplexer 701 according to this
modification, the impedances of the (n-1) number of filters
(corresponding to the two filters 712 and 713 in this modi-
fication) except for the first filter (corresponding to the filter
711 in this modification) are in the complex conjugate
relationship in the pass band of the first filter (Band 41 in this
modification) (see FIG. 25). Therefore, the (n—1) number of
filters have, as their impedances in the pass band of the first
filter, impedances having imaginary components of which
absolute values are equal or substantially equal to each other
and which are reversed in positive and negative signs.
Accordingly, when the (n-1) number of filters are com-
monly connected to each other, the imaginary components
are cancelled and the combined impedance of the counter-
part-side filters in the pass band of the first filter when
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viewed from the common junction point N has substantially
no imaginary component. Hence the n number of filters after
the common connection are less affected in the pass band of
the first filter by the imaginary components of the imped-
ances of the (n-1) number of filters (i.e., the filters com-
monly-connected with the first filter). As a result, the n
number of filters after the common connection realize low
losses in the filter characteristics of the first filter.

[0265] Furthermore, according to this modification, the
impedances of the (n-1) number of filters (corresponding to
the two filters 711 and 713 in this modification) except for
the third filter (corresponding to the filter 712 in this
modification) are in the complex conjugate relationship in
the pass band of the third filter (Band 40 in this modification)
(see FIG. 25). Therefore, the (n—1) number of filters have, as
their impedances in the pass band of the third filter, imped-
ances having imaginary components of which absolute
values are equal or substantially equal to each other and
which are reversed in positive and negative signs. As a
result, the n number of filters after the common connection
also realize low losses in the filter characteristics of the third
filter as in the case of the first filter.

[0266] Moreover, according to this modification, at least
one filter (e.g., the filter 713 in this modification) is a band
rejection filter, and the phase adjustment circuit 723 is the
inductor [.731 connected in series in the path 33. With the
provision of the phase adjustment circuit 723 that is the
inductor [.731 connected in series, the impedance when
viewing the side including the band rejection filter (e.g., the
filter 713 in this modification) from the common junction
point N in the state not under the common connection is
shifted to the inductive side at each of the pass band
frequencies of the counterpart-side filters with respect to the
band rejection filter (i.e., in Band 41 as the pass band of the
filter 711 and Band 40 as the pass band of the filter 712 in
this modification). Therefore, even when the impedances of
the n number of filters are capacitive such as represented by
the case where the n number of filters are each an acoustic
wave filter, the impedance of the band rejection filter and the
impedance of at least one of the other filters are able to be
brought into the complex conjugate relationship at the pass
band frequency of the first filter. As a result, satisfactory
electrical characteristics are able to be obtained in the
multiplexer 701 including the n number of filters including
the band rejection filter.

[0267] In addition, according to this modification, the n
number of filters include at least two bandpass filters (e.g.,
the two filters 711 and 712 in this modification) having the
pass band frequencies that fall within an attenuation band
frequency range of the band rejection filter. In other words,
the pass band frequencies of the band rejection filter on the
lower frequency side (e.g., LMB and MB in this modifica-
tion) are lower than the pass band frequencies of the
counterpart-side filters (e.g., Band 41 and 40 in this modi-
fication). Thus, in the band rejection filter before adding the
inductor [.731, the impedances at the pass band frequencies
of the counterpart-side filters are able to be rotated clock-
wise to advance the phase on the Smith chart. Accordingly,
the impedances at the pass band frequencies of the coun-
terpart-side filters are able to be shifted to the inductive side
by adding the inductor [.731, which has a relatively small
inductance value, to the band rejection filter. As a result, this
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modification is able to suppress the losses in the pass band
of the band rejection filter while satisfactory electrical
characteristics are ensured.

Second Preferred Embodiment

[0268] The multiplexers described above in the first pre-
ferred embodiment and the first to fifth modifications are
able to be applied to a radio frequency front-end circuit
including any of those multiplexers. From that point of view,
in a second preferred embodiment of the present invention,
such a radio frequency front-end circuit is described in
connection with the case of including, for example, the
multiplexer 701 according to the fifth modification of the
first preferred embodiment.

[0269] FIG. 29 is a block diagram of a radio frequency
front-end circuit 10 and a peripheral circuit thereof accord-
ing to the second preferred embodiment. FIG. 29 illustrates
the radio frequency front-end circuit 10, which includes the
multiplexer 701 and a reception amplifier circuit group 4, an
antenna element 2, and an RF signal processing circuit
(RFIC) 3. The radio frequency front-end circuit 10 and the
RFIC 3 define a communication device 100. The antenna
element 2, the radio frequency front-end circuit 10, and the
RFIC 3 are located, for example, in a front-end section of a
multimode/multiband adaptable cellular phone.

[0270] The antenna element 2 is a multiband adaptable
antenna in conformity with communication standards, such
as the LTE, the antenna transmitting and receiving a radio
frequency signal. The antenna element 2 may not be adapt-
able for all bands of the communication device 100 in some
cases, and it may be adaptable only for bands of a low-
frequency band group or a high-frequency band group.
Furthermore, the antenna element 2 may be incorporated in
the communication device 100.

[0271] The RFIC 3 is an RF signal processing circuit that
processes radio frequency signals that are transmitted and
received via the antenna element 2. More specifically, the
RFIC 3 executes signal processing, such as down-conver-
sion, of a radio frequency signal (i.e., a radio frequency
reception signal in this case) that is input from the antenna
element 2 via a reception-side signal path in the radio
frequency front-end circuit 10, and then outputs a reception
signal, which is produced through the signal processing, to
a base-band signal processing circuit (not illustrated). Fur-
thermore, the RFIC 3 executes signal processing, such as
up-conversion, of a transmission signal that is input from the
base-band signal processing circuit, and then outputs a radio
frequency signal (i.e., a radio frequency transmission signal
in this case), which is produced through the signal process-
ing, to a transmission-side signal path (not illustrated) in the
radio frequency front-end circuit 10.

[0272] The radio frequency front-end circuit 10 is a circuit
that transfers radio frequency signals between the antenna
element 2 and the RFIC 3. More specifically, the radio
frequency front-end circuit 10 transfers a high frequency
signal output from the RFIC 3 (i.e., a radio frequency
transmission signal in this case) to the antenna element 2 via
the transmission-side signal path (not illustrated). The radio
frequency front-end circuit 10 further transfers a high fre-
quency signal received by the antenna element 2 (i.e., a radio
frequency reception signal in this case) to the RFIC 3 via the
reception-side signal path.

[0273] The radio frequency front-end circuit 10 includes
the multiplexer 701 and the reception amplifier circuit group
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4, which are arranged in the mentioned order from the side
including the antenna element 2.

[0274] The reception amplifier circuit group 4 includes
one or more low-noise amplifiers (a plurality of low-noise
amplifiers in this embodiment) that amplify electrical power
of the radio frequency reception signal that is input from the
multiplexer 701.

[0275] The radio frequency front-end circuit 10 may fur-
ther include, for example, a switch that switches over
transmission and reception, or a switch that allows a low-
noise amplifier to be shared by the plurality of filters 711 to
712 of the multiplexer 701.

[0276] The radio frequency front-end circuit 10 having the
above-described configuration executes filtering of the high
frequency signal input from the antenna element 2 (i.e., the
radio frequency reception signal in this case) through a
predetermined filter, amplifies it through the predetermined
low-noise amplifier, and then outputs the amplified signal to
the RFIC 3. It is to be noted that an RFIC adapted for low
frequency bands (LMB and MB in this embodiment) and an
RFIC adapted for high frequency bands (Band 41 and 40) in
this preferred embodiment) may be disposed separately.

[0277] Thus, since the radio frequency front-end circuit 10
includes the multiplexer 701 according to the fifth modifi-
cation of the first preferred embodiment, it is able to be
realized as a radio frequency front-end circuit capable of
providing satisfactory electrical characteristics (namely,
suppressing losses) and being adapted for three or more
multiple bands.

[0278] The radio frequency front-end circuit may include
any of the multiplexers according to the first preferred
embodiment and the first to fourth modifications. The sec-
ond preferred embodiment has been described above as
having the configuration in which the multiplexer is dis-
posed in the reception-side signal path. However, the con-
figuration of the radio frequency front-end circuit is not
limited to the above-described one, and the multiplexer may
be disposed in the transmission-side signal path.

Other Preferred Embodiments

[0279] While the multiplexers and the radio frequency
front-end circuits according to the present invention have
been described above in connection with the preferred
embodiments and the modifications, the present invention is
not limited to those preferred embodiments and modifica-
tions. The present invention further includes other preferred
embodiments that are implemented by combining optional
elements or features of the above-described preferred
embodiments and modifications, other modifications that are
obtained by modifying the above-described preferred
embodiments in various ways, which are conceivable by
those skilled in the art, within the scope not departing from
the gist of the present invention, and various devices that
include the multiplexers and the radio frequency front-end
circuits according to the present invention.

[0280] By way of example, the communication device 100
including the radio frequency front-end circuit 10 and the
RFIC 3 (RF signal processing circuit) is also included in
preferred embodiments of the present invention. That com-
munication device 100 is able to be realized as a commu-
nication device capable of providing satisfactory electrical
characteristics (namely, suppressing losses) and being
adapted for three or more multiple bands.

Jan. 18, 2018

[0281] In the above description, one or more phase adjust-
ment circuits preferably are disposed between the common
junction point N and the n number of filters (e.g., the three
filters 11 to 13 in the above description). However, when the
above-described complex conjugate relationship is satisfied
only with the n number of filters, namely when the n number
of filters are able to be designed in a manner of satisfying the
above-described complex conjugate relationship, the one or
more phase adjustment circuits may be omitted. Further-
more, the n number of filters may satisfy the following
relationship on an assumption that an arbitrary one among
the n number of filters is the first filter. The impedances of
the (n-1) number of individual filters except for the first
filter are in the complex conjugate relationship in the pass
band of the first filter when viewing the side including the n
number of filters from the common junction point in the state
where the n number of paths are not commonly connected.
Stated in another way, when viewing the side including the
n number of filters in the above-mentioned manner, (n-1)
filters among the n number of filters except for the first filter
have impedances of which imaginary components cancel
each other at the pass band frequency of the first filter.
[0282] FIG. 30A is a block diagram of a multiplexer 501
including the above-mentioned filters 511 to 513. The filters
511 to 513 are filters having pass bands of Band_A, Band_B,
and Band_C, respectively, in the mentioned order. FIG. 30B
illustrates Smith charts representing reflection characteris-
tics when viewing the side including the filters 511 to 513
from the common junction point N before the common
connection in the multiplexer 501 illustrated in FIG. 30A. As
illustrated in FIG. 30B, regarding each of Band_A, Band_B,
and Band_C, the impedances of two filters in the pass bands
of the counterpart-side filters with respect to the relevant
Band are in the complex conjugate relationship in the
relevant Band.

[0283] The above description is made in connection with
the case where the multiplexer includes three filters, for
example. However, the multiplexer may include four or
more filters, for example. In other words, the number of
filters that are in the “complex conjugate relationship” may
be three or more, for example. More specifically, while, in
the above description, the complex conjugate relationship is
satisfied by filters in a one-to-one relationship, the complex
conjugate relationship may be satisfied by filters in a one-
to-plural relationship or in a plural-to-plural relationship.
For easier understanding of the above point, the following
description is made in connection with an example in which
the multiplexer includes four filters.

[0284] FIG. 31A is a block diagram of a multiplexer 601
including four filters 611 to 614, for example. The filters 611
to 614 are filters having pass bands of Band_A, Band_B,
Band_C, and Band_D, respectively, in the mentioned order.
FIG. 31B illustrates Smith charts representing reflection
characteristics when viewing the side including the filters
611 to 614 from the common junction point N before the
common connection in the multiplexer 601 illustrated in
FIG. 31A. FIG. 31B indicates, for the filters 612 to 614
except for the filter 611 of which pass band is Band_A, their
impedances in Band_A (see markers denoted by triangles in
FIG. 31B).

[0285] As seen from FIG. 31B, focusing Band_A that is
the pass band of the filter 611, the impedances of the filters
612 to 614, which are the filters commonly-connected with
the filter 611, are in the complex conjugate relationship in
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Band_A. More specifically, the combined impedance (see a
marker denoted by x in FIG. 31B) of the filters 612 and 613
of which impedances in Band_A are positioned on the
inductive side is in the complex conjugate relationship to the
impedance of the filter 614, which is positioned on the
capacitive side.

[0286] Stated in another way, in the case of the multiplexer
including the number n (four or more) of filters, regarding
(n-1) filters among the n number of filters except for the first
filter (e.g., the filter 611), the combined impedance of a first
filter group (e.g., the filters 612 and 613 here) and the
impedance of a second filter group (e.g., the filter 614 here)
are in the complex conjugate relationship in the pass band of
the first filter (e.g., in Band_A here) when viewing the
individual filters in the separated state from the common
junction point N. The multiplexer 601 also provides similar
advantageous effects to those in the first preferred embodi-
ment with the feature of satisfying the above-described
complex conjugate relationship.

[0287] Thus, the expression “the impedances of the (n-1)
number of filters are in the complex conjugate relationship”
implies that (i) the combined impedance of one or more
filters, each having an inductive reactance or an inductive
susceptance, among the (n—1) number of filters and (ii) the
combined impedance of one or more filters, each having a
capacitive reactance or a capacitive susceptance, among the
(n-1) number of filters are in the complex conjugate rela-
tionship.

[0288] Furthermore, the above description is made in
connection with an example in which the combination of the
pass bands assigned to the filters 11 to 13 includes Band 3,
Band 1, and Band 7, for example. However, the combination
of the pass bands are not limited the above-described one,
and it may be provided, for example, as (i) a combination of
Band 3, Band 1, and Band 40, (ii) a combination of Band 3,
Band 1, and Band 41, (iii) a combination of Band 2, Band
4, and Band 30, (iv) a combination of Band 2, Band 4, and
Band 7, (v) a combination of Band 25, Band 66, and Band
30, or (vi) a combination of Band 4, Band 25, and Band 30.
[0289] While the filters 11 to 13 have been described
above as being all reception filters, for example, at least one
of those filters may be a transmission filter. In an example,
the filters 11 to 13 may include a transmission filter and a
reception filter adapted for Band 4 of the LTE (transmission
band: about 1710 MHz to about 1755 MHz and reception
band: about 2110 MHz to about 2155 MHz) in which a
transmission band (Tx) and a reception band (Rx) are
relatively spaced from each other, for example.

[0290] In any of the multiplexers described above, an
impedance element, such as an inductor, that provides
impedance matching may be connected in the path inter-
connecting the common junction point N and the common
terminal Portl.

[0291] Moreover, a preferred embodiment of the present
invention may be implemented as a multiplexer design
method. In more detail, the multiplexer design method is a
method of designing a multiplexer including the number n (n
is an integer equal to three or more) of filters that are
individually provided in the n number of paths commonly
connected at the common junction point N, and that have
different pass bands from one another, the method including
a first step of designing a first filter among the n number of
filters, and a second step of designing (n-1) filters among the
n number of filters except for the first filter. In the second
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step, the (n—1) number of filters are designed such that
imaginary components of their impedances cancel each
other in the pass band of the first filter when viewing the side
including the n number of filters from a point, which is part
of the n number of paths and which is to be the common
junction point N.

[0292] The above-described multiplexer design method is
carried out, for example, using a computer such as a CAD
device, or a computer incorporating an automatic tool such
as EDA (Electronic Design Automation). Moreover, the
multiplexer design method may be carried out in a computer
through dialog operations between a designer and the com-
puter.

[0293] The sequence in which the first step and the second
step are executed is not limited to particular one. Those steps
are not always required to be executed in sequence, and they
may be executed at the same time.

[0294] The preferred embodiments of the present inven-
tion are able to be utilized, as small-sized multiplexers
adaptable for multiband systems, to a wide variety of
communication devices including cellular phones.

[0295] While preferred embodiments of the present inven-
tion have been described above, it is to be understood that
variations and modifications will be apparent to those skilled
in the art without departing from the scope and spirit of the
present invention. The scope of the present invention, there-
fore, is to be determined solely by the following claims.

What is claimed is:
1. A multiplexer comprising:

n number of filters that are individually provided in n
number of paths commonly connected at a common
junction point, and that have different pass bands from
one another; wherein

n is an integer equal to three or more;

(n-1) filters among the n number of filters except for a
first filter have impedances of which imaginary com-
ponents cancel each other at a pass band frequency of
the first filter when viewed from the common junction
point in a state of the n number of paths being not
commonly connected.

2. The multiplexer according to claim 1, wherein the
impedances of the (n-1) number of filters are in a complex
conjugate relationship at the pass band frequency of the first
filter when viewed from the common junction point in the
state of the n number of paths being not commonly con-
nected.

3. The multiplexer according to claim 1, wherein at least
two among the n number of filters except for the first filter
have impedances of which imaginary components cancel
each other at the pass band frequency of the first filter when
viewed from the common junction point in the state of the
n number of paths being not commonly connected.

4. The multiplexer according to claim 3, wherein the
impedances of the at least two filters are in a complex
conjugate relationship at the pass band frequency of the first
filter when viewed from the common junction point in the
state of the n number of paths being not commonly con-
nected.

5. The multiplexer according to claim 1, wherein the
(n-1) filters have impedances of which imaginary compo-
nents cancel each other at the pass band frequency of the first
filter on an open side, which is a region on a right side of a
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center of a Smith chart, when viewed from the common
junction point in the state of the n number of paths being not
commonly connected.

6. The multiplexer according to claim 3, wherein the at
least two filters have impedances of which imaginary com-
ponents cancel each other at the pass band frequency of the
first filter on an open side, which is a region on a right side
of a center of a Smith chart, when viewed from the common
junction point in the state of the n number of paths being not
commonly connected.

7. The multiplexer according to claim 1, wherein

each of the n number of filters is an acoustic wave filter

including an acoustic wave resonator; and

the pass band frequency of the first filter is different from

a frequency range sandwiched between a resonant
frequency and an antiresonant frequency of the acoustic
wave resonator of each of the (n—1) number of filters.
8. The multiplexer according to claim 1, wherein regard-
ing (n-1) filters among the n number of filters except for a
second filter, absolute values of the impedances at a pass
band frequency of the second filter are not less than about
500€2 when viewed from the common junction point in the
state of the n number of paths being not commonly con-
nected.
9. The multiplexer according to claim 1, wherein (n-1)
filters among the n number of filters except for a third filter
have impedances of which imaginary components cancel
each other at a pass band frequency of the third filter when
viewed from the common junction point in the state of the
n number of paths being not commonly connected.
10. The multiplexer according to claim 9, wherein the
impedances of (n-1) filters among the n number of filters
except for the third filter are in a complex conjugate rela-
tionship at the pass band frequency of the third filter when
viewed from the common junction point in the state of the
n number of paths being not commonly connected.
11. The multiplexer according to claim 1, wherein
n=3 is satisfied;
the n number of filters include a first filter having a first
frequency band as a pass band, a second filter having a
second frequency band as a pass band, and a third filter
having a third frequency band as a pass band; and

the second filter and the third filter have impedances of
which imaginary components cancel each other in the
first frequency band when viewed from the common
junction point in the state of the n number of paths
being not commonly connected.

12. The multiplexer according to claim 11, wherein the
impedance of the second filter in the first frequency band and
the impedance of the third filter in the first frequency band
are in a complex conjugate relationship when viewing a side
including the n number of filters from the common junction
point in the state of the n number of paths being not
commonly connected.

13. The multiplexer according to claim 11, wherein the
first filter and the second filter have impedances of which
imaginary components cancel each other in the third fre-
quency band when viewed from the common junction point
in the state of the n number of paths being not commonly
connected.

14. The multiplexer according to claim 13, wherein the
impedance of the first filter in the third frequency band and
the impedance of the second filter in the third frequency
band are in a complex conjugate relationship when viewing
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the side including the n number of filters from the common
junction point in the state of the n number of paths being not
commonly connected.

15. The multiplexer according to claim 11, wherein an
impedance of the first filter in the second frequency band and
an impedance of the third filter in the second frequency band
have absolute values of not less than about 50082 when
viewing a side including the n number of filters from the
common junction point in the state of the n number of paths
being not commonly connected.

16. The multiplexer according to claim 1, wherein when
the pass bands of the n number of filters are arrayed in order
of pass band frequency, the pass band frequency of the first
filter corresponds to a band other than the pass bands that are
positioned at a lowest frequency level and a highest fre-
quency level.

17. The multiplexer according to claim 1, further com-
prising a phase adjustment circuit that is disposed between
the common junction point and at least one among the n
number of filters.

18. The multiplexer according to claim 17, wherein

the at least one filter is a band rejection filter; and

the phase adjustment circuit includes an inductor con-
nected between the common junction point and the
band rejection filter in series in the path in which the
band rejection filter is disposed.

19. The multiplexer according to claim 18, wherein the n
number of filters include at least two bandpass filters having
pass band frequencies that fall within an attenuation band
frequency range of the band rejection filter.

20. The multiplexer according to claim 18, wherein

the band rejection filter is an acoustic wave filter includ-
ing one or more acoustic wave resonators; and
one of the one or more acoustic wave resonators of the
band rejection filter closest to the common junction
point is a parallel resonator that is connected in series
in a path interconnecting the path in which the band
rejection filter is disposed and a ground.
21. The multiplexer according to claim 17, wherein the
phase adjustment circuit is an L.C matching circuit including
one or more inductors and one or more capacitors.

22. The multiplexer according to claim 17, wherein the
phase adjustment circuit includes a capacitor connected in
series in at least one of the paths in which the at least one
filter is disposed, and an inductor connected in series in a
path interconnecting the at least one path and a ground.

23. The multiplexer according to claim 17, wherein the
phase adjustment circuit includes a microstripline connected
in series in at least one of the paths in which the at least one
filter is disposed.

24. The multiplexer according to claim 1, wherein the
pass band of the first filter is apart from the pass bands of
(n-1) filters among the n number of filters except for the first
filter exceeding a pass band width of the first filter.

25. The multiplexer according to claim 1, wherein

the multiplexer is structure to perform a carrier aggrega-

tion technique of simultaneously transmitting and
receiving radio frequency signals in a plurality of
frequency bands; and

the n number of filters perform filtering of the radio

frequency signals simultaneously.
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26. The multiplexer according to claim 1, wherein 29. A method of designing a multiplexer including n
the n number of filters are three filters; and number of filters that are individually provided in n number
the three filters include a filter having a pass band given of paths commonly connected at a common junction point,
as Band 3 of LTE (Long Term Evolution), a filter and that have different pass bands from one another, where
& n is an integer equal to three or more, the method compris-

ing:
a first step of designing a first filter among the n number

having a pass band given as Band 1 of the L'TE, and a
filter having a pass band given as Band 7 of the LTE.

27. A radio frequency front-end circuit comprising: of filters: and

the multiplexer according to claim 1; and a second step of designing (n-1) filters among the n
an amplifier circuit connected to the multiplexer. number of filters except for the first filter; wherein
28. A communication device comprising: in the second step, the (n-1) number of filters are

an RF signal processing circuit that processes radio fre- designed such that imaginary components of imped-
quency signals transmitted and received via an antenna ances of the (n-1) number of filters cancel each other
element; and at a pass band frequency of the first filter when viewing
the radio frequency front-end circuit according to claim a 51.de .1nclud1ng the n number of filters from a pont,
27, which transfers the radio frequency signals between which is part of Fhe n.numbfzr of paths and which is to
the antenna element and the RF signal processing be the common junction point.
circuit. k% & %



