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(57) ABSTRACT 

A filter device includes first, second and third filter circuits 
that are connected to a common terminal. The first filter 
circuit includes a first inductor that is closest to the common 
terminal along a first signal line and a first capacitance 
element that is connected in parallel with the first inductor, 
the second filter circuit includes a series arm resonator, 
which is a second acoustic resonator, that is closest to the 
common terminal along a second signal line, and the third 
filter circuit includes a third acoustic resonator that is closest 
to the common terminal along a third signal line. 

18 Claims, 5 Drawing Sheets 
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FILTER DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims the benefit of priority to Japanese 
Patent Application No. 2015-011610 filed on Jan. 23, 2015 
and is a Continuation Application of PCT Application No. 
PCT/JP2016/05 1825 filed on Jan. 22, 2016. The entire 
contents of each application are hereby incorporated herein 
by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a filter device that 
includes first, second and third filter circuits that are con-
nected to a common terminal. 

2. Description of the Related Art 

In the related art, a splitter that splits a signal into three 
signals of different frequency bands is used in cellular phone 
devices and other devices. Japanese Unexamined Patent 
Application Publication No. 2004-194240 discloses a three-
way splitter in which first to third filters Fl to F3 are 
connected to an antenna terminal. The first filter Fl is a low 
pass filter in which a first frequency band is a pass band and 
second and third frequency bands are attenuation bands. In 
the second filter F2, the second frequency band is a pass 
band and first and third frequency bands are attenuation 
bands. In addition, the second filter F2 is a band pass filter 
that includes a SAW filter. The third filter F3 is formed of an 
LC filter and in the third filter F3, the third frequency band 
is a pass band and first and second frequency bands are 
attenuation bands. 

In the three-way splitter disclosed in Japanese Unexam-
ined Patent Application Publication No. 2004-194240, the 
first to third filters Fl to F3 are commonly connected to the 
antenna terminal. Consequently, it has been necessary to 
provide impedance matching circuits at the sides of the first 
and third filters formed of LC filters. 

SUMMARY OF THE INVENTION 

Preferred embodiments of the present invention provide 
filter devices that enable impedance matching circuits to be 
omitted. 

A filter device according to a preferred embodiment of the 
present invention includes a common terminal; a first filter 
circuit that includes a first signal line that is connected to the 
common terminal and is a low pass filter with a first pass 
band; a second filter circuit that includes a second signal line 
that is connected to the common terminal and is a band pass 
filter with a second pass band that is located at a higher 
frequency than the first pass band of the first filter circuit; 
and a third filter circuit that includes a third signal line that 
is connected to the common terminal and includes a third 
pass band that is located at a higher frequency than the 
second pass band of the second filter circuit; wherein the first 
filter circuit includes a first inductor that is closest to the 
common terminal along the first signal line and a first 
capacitance element that is connected in parallel with the 
first inductor and defines an LC resonance circuit, the second 
filter circuit includes a second acoustic resonator that is 
closest to the common terminal along the second signal line, 

2 
and the third filter circuit includes a third acoustic resonator 
that is closest to the common terminal along the third signal 
line. 

In a filter device according to a preferred embodiment of 
5 the present invention, the first filter circuit includes a first 

acoustic resonator that has an anti-resonant frequency and a 
resonant frequency, the resonant frequency being located 
inside the second pass band, and a second capacitance 
element that is connected between the first signal line and a 

10 ground potential. In this case, attenuation in the second pass 
band is able to be made sufficiently large in the first filter 
circuit. 

In another filter device according to another preferred 
embodiment of the present invention, the second capaci-

15 tance element of the first filter circuit is defined by an
acoustic resonator, the second filter circuit includes a par-
allel arm that connects the second signal line, which is a 
series arm, and the ground potential, and an acoustic reso-
nator is provided in the parallel arm, and a resonant fre-

20 quency of the acoustic resonator that defines the second 
capacitance element of the first filter circuit and a resonant 
frequency of the acoustic resonator provided in the parallel 
arm of the second filter circuit are the same or substantially 
the same as a resonant frequency of the second acoustic 

25 resonator. In this case, loss is able to be further reduced and 
attenuation in the vicinities of the pass bands of the first to 
third filter circuits is able to be further increased. 

In yet another preferred embodiment of the present inven-
tion, the resonant frequency of the second acoustic resona-

30 tor, the resonant frequency of the acoustic resonator that 
defines the second capacitance element of the first filter 
circuit and the resonant frequency of the acoustic resonator 
provided in the parallel arm of the second filter circuit 
preferably fall within a range of about ±5% of an average 

35 value of the resonant frequencies of these acoustic resona-
tors. In this case, loss is able to be further reduced and 
attenuation in the vicinities of the pass bands of the first to 
third filter circuits is able to be further increased. 

In yet another preferred embodiment of the present inven-
40 tion, the second filter circuit is preferably a ladder filter that 

includes the second acoustic resonator and a fourth acoustic 
resonator that is provided in a parallel arm that connects the 
second signal line and the ground potential. In this case, the 
steepness of the filter characteristic of the second filter 

45 circuit is able to be increased. 
In yet another preferred embodiment of the present inven-

tion, the third filter circuit is preferably an LC filter that 
includes a second inductor that is connected between the 
third signal line and the ground potential, and a third 

50 capacitance element that is connected in series with the 
second inductor. In this case, the third filter circuit is able to 
be reduced in size. 

In a preferred embodiment of the present invention, the 
third filter circuit may preferably be a band pass filter. In 

55 such a case, a signal of a specific frequency band is able to 
be transmitted or received using the third filter circuit. It is 
preferable that a ladder filter be used as the band pass filter. 
In this case, the steepness of the filter characteristic of the 
third filter circuit is able to be increased. 

60 In yet another preferred embodiment of the present inven-
tion, at least one of the first to third acoustic resonators is 
preferably an elastic wave resonator. In this case the steep-
ness of the filter characteristic is able to be further increased. 
Surface acoustic wave resonators may be suitably used as 

65 the elastic wave resonators. In the case where surface 
acoustic wave resonators are used, the steepness of the filter 
characteristics is able to be further increased. 
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In yet another preferred embodiment of the present inven-
tion, the first capacitance element is preferably defined by of 
an acoustic resonator. Thus, the first capacitance element 
may be provided by utilizing the capacitance of the acoustic 
resonator. In this case, the attenuation is also able to be 
increased by setting the resonant frequency of the acoustic 
resonator to the frequency of the attenuation band. 

With the filter devices according to various preferred 
embodiments of the present invention, an impedance match-
ing circuit is able to be omitted in a configuration in which 
first, second and third filter circuits are connected to a 
common terminal. 

The above and other elements, features, steps, character-
istics and advantages of the present invention will become 
more apparent from the following detailed description of the 
preferred embodiments with reference to the attached draw-
ings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit diagram of a filter device according to 
a first preferred embodiment of the present invention. 

FIG. 2 illustrates a filter characteristic of a first filter 
circuit of the filter device of the first preferred embodiment 
of the present invention. 

FIG. 3 illustrates a filter characteristic of a second filter 
circuit of the filter device of the first preferred embodiment 
of the present invention. 

FIG. 4 illustrates a filter characteristic of a third filter 
circuit of the filter device of the first preferred embodiment 
of the present invention. 

FIG. S is a circuit diagram of a filter device according to 
a second preferred embodiment of the present invention. 

FIG. 6 is a circuit diagram of a filter device according to 
a third preferred embodiment of the present invention. 

FIG. 7 is a front sectional view illustrating a surface 
acoustic wave resonator as an example of an acoustic 
resonator included in a preferred embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Hereafter, the present invention will be clarified by 
describing specific preferred embodiments of the present 
invention with reference to the drawings. 

The preferred embodiments described in the present 
specification are illustrative examples and it should be noted 
that portions of the configurations, features, elements, etc. 
illustrated in different preferred embodiments may be sub-
stituted for one another or combined with one another. 

FIG. 1 is a circuit diagram of a filter device according to 
a first preferred embodiment of the present invention. 

A filter device 1 includes a common terminal 2. One end 
of each of first, second and third filter circuits Fl, F2 and F3 
is commonly connected to the common terminal 2. The first, 
second and third filter circuits Fl to F3 respectively have the 
following first, second and third pass bands II, f2 and f3, for 
example. 

II: low-band cellular band, about 699 MHz to about 960 
MHz. 

f2: GPS, GLONASS and BEIDOU band, about 1559 
MHz to about 1608 MHz. 

f3: middle-band cellular band, about 1700 MHz to about 
2170 MHz. 

The first filter circuit Fl preferably is a low pass filter that 
includes LC resonators and acoustic resonators. The first 

4 
filter circuit Fl includes the first pass band ITt, which is a 
low-band cellular band, and since the first filter circuit Fl is 
preferably a low pass filter, the first filter circuit Fl allows 
signals of a band of about 960 MHz and lower to pass 

5 therethrough. In other words, the first pass band ft is 
preferably set such that a low-band cellular band of about 
699 MHz to about 960 MHz is allowed to pass, for example. 
In addition, the second filter circuit F2 preferably is a band 
pass filter that includes acoustic resonators and is defined by 

10 a ladder filter. 
The third filter circuit F3 preferably is a high pass filter 

that includes LC resonators and acoustic resonators. The 
third filter circuit F3 is preferably a high pass filter and 

15 
allows signals having a frequency of about 1700 MHz and 
higher, which is the lower limit of the third pass band f3, to 
pass therethrough. 

In more detail, the first filter circuit Fl includes a first 
signal line 4 that connects the common terminal 2 and a first 

20 terminal 3. A plurality of first inductors Sa to Sc are provided 
along the first signal line 4. The plurality of first inductors Sa 
to Sc are connected in series along the first signal line 4. 

First capacitance elements 6a to 6c are respectively 
connected in parallel with the first inductors Sa to Sc. In 

25 addition, a second capacitance element 7a, which provides 
impedance adjustment, is connected between a connection 
point between the first inductor Sa and the first inductor Sb, 
and the ground potential. The second capacitance element 7a 
is preferably defined by a capacitor. An inductor 8 is 

30 connected in series with the second capacitance element 7a, 
which provides impedance adjustment. In addition, a first 
acoustic resonator, which defines and functions as a second 
capacitance element 7b, is connected between a connection 
point between the first inductor Sb and the first inductor Sc, 
and the ground potential. 

The first acoustic resonator, which functions as the second 
capacitance element 7b, has a resonant frequency and an
anti-resonant frequency. In this preferred embodiment, the 

40 second capacitance element 7b is defined by a surface 
acoustic wave resonator. The surface acoustic wave resona-
tor is used as the second capacitance element 7b by utilizing 
the capacitance of the surface acoustic wave resonator. A 
first acoustic resonator, which is preferably the same or 

45 substantially the same as the second capacitance element 7b 
and functions as a second capacitance element 7c, is con-
nected between a connection point between the first inductor 
Sc and the first terminal 3, and the ground potential. 

As described above, the closest element to the common 
50 terminal 2 in the first filter circuit Fl is the first inductor Sa. 

The second capacitance elements 7a to 7c in the first filter 
circuit Fl are capacitance elements that provide impedance 
adjustment. The two second capacitance elements 7b and 7c 
are preferably defined by the first acoustic resonators as 

55 described above and the resonant frequencies thereof are 
located in the pass band f2 of the second filter circuit F2. 
Therefore, a signal in the pass band of the second filter 
circuit F2 is allowed to flow to the ground potential. 

The second filter circuit F2 includes a second signal line 
60 10 that connects the common terminal 2 and a second 

terminal 9. Series arm resonators 51, S2, S3, S4 and SS are 
provided along the second signal line 10 in this order from 
the common terminal 2 side. In other words, the second 
signal line 10 defines a series arm and the series arm 

65 resonators 51 to SS are connected in series with each other 
along the series arm. The series arm resonators 51 to SS are 
each preferably defined by a surface acoustic wave resona-
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tor. The series arm resonators Si to SS correspond to second 
acoustic resonators including a resonant frequency and an 
anti-resonant frequency. 

A parallel arm resonator Pi is provided in a parallel arm 
that connects a connection point between the series arm 
resonator Si and the series arm resonator S2, and the ground 
potential. A parallel arm resonator P2 is provided in a 
parallel arm that connects a connection point between the 
series arm resonator S2 and the series arm resonator S3, and 
the ground potential. A parallel arm resonator P3 is provided 
in a parallel arm that connects a connection point between 
the series arm resonator S3 and the series arm resonator S4, 
and the ground potential. A parallel arm resonator P4 is 
provided in a parallel arm that connects a connection point 
between the series arm resonator S4 and the series arm 
resonator SS, and the ground potential. The parallel arm 
resonators Pi to P4 are also preferably defined by surface 
acoustic wave resonators, for example. 

The second filter circuit F2 is preferably a ladder filter that 
includes the series arm resonators Si to SS and the parallel 
arm resonators Pi to P4. The second filter circuit F2 is a 
band pass filter and the center frequency of the pass band 
thereof is located in the above-described pass band f2. 

The resonant frequencies of the series arm resonators Si 
to SS are located inside the pass band f2 and the anti-
resonant frequencies of the parallel arm resonators Pi to P4 
are located inside the pass band f2. 

The closest element to the common terminal 2 along the 
second signal line iO in the second filter circuit F2 is the 
second acoustic resonator that is the series arm resonator Si. 

The third filter circuit F3 includes a third signal line i2 
that connects the common terminal 2 and a third terminal ii. 
A low pass filter 2i is connected between the third filter 
circuit F3 and the third terminal ii along the third signal line 
i2. 

The third filter circuit F3 is preferably a high pass filter. 
The third filter circuit F3 and the low pass filter 2i are 
connected in series with each other and therefore a pass band 
is provided by the third filter circuit F3 and the low pass filter 
2i. 

Third acoustic resonators i3a to i3c are provided along 
the third signal line i2 in the third filter circuit F3. The 
plurality of third acoustic resonators i3a to i3c are con-
nected in series with each other along the third signal line i2. 

A third inductor i4a and a third capacitance element iSa 
are connected in series with each other between a connection 
point between the third acoustic resonator i3a and the third 
acoustic resonator i3b, and the ground potential. Similarly, 
a third inductor i4b and a third capacitance element iSb are 
connected in series with each other between a connection 
point between the third acoustic resonator i3b and the third 
acoustic resonator i3c, and the ground potential. 

The closest element to the common terminal 2 in the third 
filter circuit F3 is the third acoustic resonator i3a. 

In the filter device i, the closest element to the common 
terminal 2 in the first filter circuit Fi is the first inductor Sa, 
and the elements that are closest to the common terminal 2 
in the second filter circuit F2 and the third filter circuit F3 are 
second and third acoustic resonators, respectively, and these 
elements are arranged along the signal lines. Therefore, it is 
possible to omit impedance matching circuits that would be 
provided at the common terminal 2 sides of the first and third 
filter circuits Fi and F3 defined by LC filters and the second 
filter circuit F2 that includes acoustic resonators. 

The anti-resonant frequencies of the third acoustic reso-
nators i3a to i3c of the third filter circuit F3 are located in 
the pass band f2 of the second filter circuit F2. 

Therefore, a trap is provided in the pass band f2 in the 
filter characteristic of the third filter circuit F3. 

The low pass filter 2i includes fourth inductors 22a and 
22b, which are provided along the third signal line i2. 

5 Fourth capacitance elements 23a and 23b are respectively 
connected in parallel with the fourth inductors 22a and 22b. 
A fifth capacitance element 24a is connected between an end 
of the fourth inductor 22a on the third filter circuit F3 side 
and the ground potential. In addition, a fifth capacitance 

10 element 24b is connected between a connection point 
between the fourth inductor 22a and the fourth inductor 22b, 
and the ground potential. A fifth capacitance element 24c is 
connected between a connection point between the fourth 
inductor 22b and the third terminal ii, and the ground 

15 potential. The fifth capacitance elements 24a to 24c are each 
preferably defined by an acoustic resonator and include a 
resonant frequency and an anti-resonant frequency. 

Although the low pass filter 2i does not necessarily have 
to be provided, a pass band may be provided as described 

20 above when the low pass filter 2i is provided. 
It is preferable that the resonant frequencies of the fifth 

capacitance elements 24a to 24c be located in the pass band 
f2 of the second filter circuit F2. As a result, attenuation in 
the second pass band is able to be made even larger in the 

25 filter circuit between the common terminal 2 and the third 
terminal ii. 

It is preferable that the second capacitance elements 7b 
and 7c, which are defined by acoustic resonators, the series 
arm resonators Si to SS and the parallel arm resonators Pi 

30 to P4, which are included in the second filter circuit F2, the 
third acoustic resonators i3a to i3c, which are included in 
the third filter circuit F3; and the acoustic resonators that 
define the fifth capacitance elements 24a to 24c all have the 
same or substantially the same resonant frequencies and 

35 anti-resonant frequencies. Thus, it is possible to reduce the 
number of types of acoustic resonator used and it is possible 
to reduce the cost and to use a common piezoelectric 
substrate to define the filter device i. Therefore, it is possible 
to reduce the size of the filter device i. In particular, the first, 

40 second and third filter circuits Fi, F2 and F3 are able to be 
provided using the same piezoelectric substance. 

It is preferable that the second capacitance elements of the 
first filter circuit be defined by acoustic resonators, that the 
second filter circuit include parallel arms that connect the 

45 second signal line, which is a series arm, and the ground 
potential, that acoustic resonators be provided in the parallel 
arms, and that the resonant frequencies of the acoustic 
resonators that define the second capacitance elements of the 
first filter circuit and the resonant frequencies of the acoustic 

50 resonators that are provided in the parallel arms of the 
second filter circuit have the same or substantially the same 
resonant frequency as the second acoustic resonators. 

It is preferable that the resonant frequencies of the second 
acoustic resonators, the acoustic resonators that define the 

55 second capacitance elements of the first filter circuit, and the 
acoustic resonators provided in the parallel arms of the 
second filter circuit fall within a range of about ±5% of the 
average value of the resonant frequencies of these acoustic 
resonators, for example. 

60 FIG. 2 illustrates a filter characteristic of the first filter 
circuit Fi, FIG. 3 illustrates a filter characteristic of the 
second filter circuit and FIG. 4 illustrates a filter character-
istic of the third filter circuit F3. 

As illustrated in FIG. 2, in the first filter circuit, attenu-
65 ation is small in the first pass band ft. In contrast, attenu-

ation is sufficiently large in the second pass band f2 and the 
third pass band f3. 
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An arrow A below the second pass band f2 indicates the 
position of a trap due to the anti-resonant frequencies of the 
acoustic resonators used as the second capacitance elements 
7b and 7c in the first filter circuit. In other words, since the 
anti-resonant frequencies of the acoustic resonators used as 5 

the second capacitance elements 7b and 7c are positioned at 
the frequency indicated by the arrow A, the attenuation in 
the second pass band f2 is able to be made sufficiently large. 

In the first filter circuit Fl, although the second capaci-
tance elements 7b and 7c among the second capacitance 10 

elements 7a to 7c are preferably defined by acoustic reso-
nators, it would be sufficient for at least one of the second 
capacitance elements to be defined by an acoustic resonator. 

As illustrated in FIG. 3, in the filter characteristic of the 
15 

second filter circuit F2, attenuation of the second pass band 
f2 is made sufficiently small. In contrast, sufficiently large 
attenuation is obtained in the first pass band ft and the third 
pass band f3. These pass bands are obtained due to the band 
pass filter characteristics of the second filter circuit F2. 20 

Since the second filter circuit F2 is preferably a band pass 
filter, the resonant frequencies of the series arm resonators 
51 to SS and the anti-resonant frequencies of the parallel arm 
resonators P1 to P4 are positioned at a position indicated by 
an arrow B, that is, inside the pass band f2. In addition, the 25 

characteristic of the frequency position indicated by an 
arrow C indicates an attenuation pole due to the resonant 
frequencies of the parallel arm resonators P1 to P4. An arrow 
D indicates an attenuation pole due to the anti-resonant 
frequencies of the series arm resonators 51 to SS. 30 

Since the same or substantially the same acoustic reso-
nators are preferably used as all the acoustic resonators that 
define the series arm resonators 51 to SS and the parallel arm 
resonators P1 to P4, the resonant frequencies of the series 
arm resonators 51 to SS and the anti-resonant frequencies of 35 

the parallel arm resonators P1 to P4 are located at the 
position indicated by the arrow B. 

The resonant frequencies and anti-resonant frequencies of 
the series arm resonators 51 to SS and the parallel arm 
resonators P1 to P4 defined by the acoustic resonators do not 40 

necessarily have to be the same or substantially the same. 
As illustrated in FIG. 4, attenuation in the third pass band 

f3 is sufficiently small. In contrast, sufficiently large attenu-
ation is obtained in the first pass band ft and the second pass 
band f2. In other words, attenuation is sufficiently large in 45 

the first pass band ft due to the high pass filter character-
istics. On the other hand, the attenuation in the second pass 
band f2 is due to the anti-resonant frequencies of the third 
acoustic resonators 13a to 13c being positioned in the pass 
band f2, as illustrated by an arrow E. Thus, the attenuation 50 

is able to be made sufficiently large in the second pass band 
f2. 

In addition, since the low pass filter 21 is connected, 
attenuation steadily increases at the high-frequency side of 
the third pass band f3. In addition, the resonant frequencies 55 

of the acoustic resonators used as the fifth capacitance 
elements 24a to 24c are positioned at the frequency indi-
cated by an arrow F. Therefore, a trap is able to be provided 
at the position of the frequency indicated by the arrow F on 
the high-frequency side of the third pass band f3. Thus, traps 60 

having sufficiently large attenuation are able to be provided 
on the low-frequency side and the high-frequency side of the 
third pass band f3 and selectivity is able to be increased. 

In addition, although the acoustic resonators used as the 
fifth capacitance elements 24a to 24c are provided in order 65 

to provide the traps, a trap is able to be provided as long as 
at least one acoustic resonator is provided. 

8 
It is sufficient that the third filter circuit F3 include the 

third acoustic resonator 13a, which is closest to the common 
terminal 2, among the third acoustic resonators 13a to 13c. 
The third acoustic resonators 13b and 13c may be omitted. 

As described above, the second capacitance element 7b is 
preferably defined by a surface acoustic wave resonator, for 
example. The structure of this surface acoustic wave reso-
nator is not particularly limited. For example, a surface 
acoustic wave resonator 31 illustrated in FIG. 7 may pref-
erably be used. An IDT electrode 33 is provided on a 
piezoelectric substrate 32 in the surface acoustic wave 
resonator 31. Although not particularly limited to this con-
figuration, a dielectric film 34 composed of 5i02 is prefer-
ably provided so as to cover the IDT electrode 33. The 
magnitude of the response in the resonance characteristic of 
the acoustic resonator described above is able to be adjusted 
by adjusting the film thickness and material of the dielectric 
film 34. In addition, the frequency positions of the resonant 
frequency and the anti-resonant frequency are also able to be 
adjusted by adjusting the metal that is used for the IDT 
electrode and the film thickness thereof. 

In addition, although it is described that a surface acoustic 
wave resonator is preferably used as the acoustic resonator 
in the above-described preferred embodiment, an acoustic 
resonator other than a surface acoustic wave resonator may 
be used instead. For example, a boundary acoustic wave 
resonator may be used. Furthermore, a BAW resonator may 
be used in which bulk waves that propagate through a 
piezoelectric thin film are utilized. In addition, a piezoelec-
tric resonator that includes a single-layer piezoelectric sub-
strate or a multilayer piezoelectric body may be used. 

FIG. S is a circuit diagram of a filter device according to 
a second preferred embodiment of the present invention. In 
the first filter circuit Fl, the first capacitance elements 6a to 
6c are preferably defined by acoustic resonators. In addition, 
a second capacitance element 7d, which is preferably 
defined by an acoustic resonator, is connected between a 
connection point between the first inductor Sa and the first 
inductor Sb, and the ground potential. 

In addition, in the third filter circuit F3, third capacitance 
elements lSc and lSd are preferably defined by acoustic 
resonators. The rest of the configuration of a filter device 41 
preferably is the same or substantially the same as that of the 
filter device 1. 

As described above, the first capacitance elements 6a to 
6c may be preferably be defined by acoustic resonators, and 
all of the capacitance elements that are arranged along paths 
that connect the first signal line 4 and the ground potential 
in the first filter circuit Fl may preferably be acoustic 
resonators. 

Furthermore, as illustrated in FIG. 5, acoustic resonators 
may preferably be used as the fifth capacitance elements 24a 
to 24c in paths that connect the third signal line 12 and the 
ground potential in the third filter circuit F3 as well. The 
filter device 41 achieves the same or substantially the same 
operational effects as the filter device 1 by utilizing the 
capacitances of the acoustic resonators. 

In addition, in the case where acoustic resonators are 
used, attenuation in the second pass band f2 is able to be 
increased by causing the anti-resonant frequencies of the 
acoustic resonators connected to the third signal line 12 to be 
located in the second pass band f2. Furthermore, the attenu-
ation in the second pass band f2 is able to be increased by 
causing the anti-resonant frequencies of the acoustic reso-
nators provided in the paths that connect the third signal line 
12 and the ground potential to be located in the second pass 
band f2. 
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FIG. 6 is a circuit diagram of a filter device 51 according 
to a third preferred embodiment of the present invention. In 
the filter device 51 according to the third preferred embodi-
ment, the first and second filter circuits Fl and F2 have the 
same or substantially the same configurations as in the filter 
device 41 of the second preferred embodiment. This pre-
ferred embodiment is different in that the third filter circuit 
F3 is a band pass filter, which is preferably defined by a 
ladder filter. 

That is, series arm resonators Sli to S1S are connected in 
series with each other along the third signal line 12, which 
connects the common terminal 2 and the third terminal 11 to 
each other. A parallel arm resonator P11 is provided in a 
parallel arm that connects a connection point between the 
series arm resonators Sli and S12 and the ground potential. 
A parallel arm resonator P12 is provided between a connec-
tion point between the series arm resonators S12 and S13 
and the ground potential. A parallel arm resonator P13 is 
provided between a connection point between the series arm 
resonators S13 and S14 and the ground potential. A parallel 
arm resonator P14 is provided in a parallel arm that connects 
a connection point between the series arm resonators S14 
and S1S and the ground potential. 

Furthermore, an inductor 52a is connected between a 
connection point between the series arm resonator Sli and 
the series arm resonator S12, and the ground potential. An 
inductor 52b is connected between a connection point 
between the series arm resonator S14 and the series arm 
resonator S1S, and the ground potential. The inductors 52a 
and 52b are provided in order to adjust impedance. 

Thus, the third filter circuit F3 may preferably be a band 
pass filter as in the filter device 51. 

The series arm resonators Sli to S1S and the parallel arm 
resonators P11 to P14 are preferably defined by acoustic 
resonators, which have resonant frequencies and anti-reso-
nant frequencies. In the filter device 51, the closest element 
to the common terminal 2 in the third filter circuit F3 is the 
series arm resonator S11. That is, the closest element to the 
common terminal 2 is a third acoustic resonator and is 
provided along the third signal line 12. 

In the filter device 51, the closest element to the common 
terminal 2 in the first filter circuit Fl is the first inductor Sa 
provided on the first signal line 4, and the closest elements 
to the common terminal 2 in the second and third filter 
circuits F2 and F3 are the series arm resonator Si and the 
series arm resonator Sli which are defined by acoustic 
resonators, respectively, these resonators being respectively 
arranged along the second and third signal lines 10 and 12. 
Therefore, there is no need to provide impedance matching 
circuits on the common terminal 2 side of the device. 
Consequently, the filter device 51 is also able to also achieve 
reductions in size and cost. 

Furthermore, in preferred embodiments of the present 
invention, the first, second and third filter circuits Fl, F2 and 
F3 are able to be suitably modified as is clear from the first, 
second and third preferred embodiments. In other words, the 
number of filter circuit stages and the number of elements in 
the first, second and third filter circuits Fl, F2 and F3 are not 
limited to what is described in the preferred embodiments of 
the present invention. 

While preferred embodiments of the present invention 
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. 

10 
What is claimed is: 
1. A filter device comprising: 
a common terminal; 
a first filter circuit that includes a first signal line that is 

5 connected to the common terminal and is a low pass 
filter with a first pass band; 

a second filter circuit that includes a second signal line 
that is connected to the common terminal and is a band 
pass filter with a second pass band that is located at a 

10 higher frequency than the first pass band of the first 
filter circuit; and 

a third filter circuit that includes a third signal line that is 
connected to the common terminal and includes a third 
pass band that is located at a higher frequency than the 

15 second pass band of the second filter circuit; wherein 
the first filter circuit includes a first inductor that is closest 

to the common terminal along the first signal line and 
a first capacitance element that is connected in parallel 
with the first inductor and defines an LC resonance 

20 circuit; 
the second filter circuit includes a second acoustic reso-

nator that is closest to the common terminal along the 
second signal line; and 

the third filter circuit includes a third acoustic resonator 
25 that is closest to the common terminal along the third 

signal line. 
2. The filter device according to claim 1, wherein the first 

filter circuit includes a first acoustic resonator that includes 
an anti-resonant frequency and a resonant frequency, the 

30 resonant frequency being located inside the second pass 
band, and a second capacitance element that is connected 
between the first signal line and a ground potential. 

3. The filter device according to claim 2, wherein the 
second capacitance element of the first filter circuit includes 

35 an acoustic resonator; 
the second filter circuit includes a parallel arm that 

connects the second signal line, which is a series arm, 
and the ground potential, and an acoustic resonator is 
provided in the parallel arm; and 

40 a resonant frequency of the acoustic resonator that defines 
the second capacitance element of the first filter circuit 
and a resonant frequency of the acoustic resonator 
provided in the parallel arm of the second filter circuit 
are the same or substantially the same as a resonant 

45 frequency of the second acoustic resonator. 
4. The filter device according to claim 3, wherein the 

resonant frequency of the second acoustic resonator, the 
resonant frequency of the acoustic resonator that defines the 
second capacitance element of the first filter circuit, and the 

50 resonant frequency of the acoustic resonator provided in the 
parallel arm of the second filter circuit are within a range of 
about ±5% of an average value of the resonant frequencies 
of the acoustic resonators. 

5. The filter device according to claim 1, wherein the 
55 second filter circuit is a ladder filter that includes the second 

acoustic resonator and a fourth acoustic resonator that is 
provided in a parallel arm that connects the second signal 
line and a ground potential. 

6. The filter device according to claim 1, wherein the third 
60 filter circuit is an LC filter that includes a second inductor 

that is connected between the third signal line and the 
ground potential, and a third capacitance element that is 
connected in series with the second inductor. 

7. The filter device according to claim 1, wherein the third 
65 filter circuit is a band pass filter. 

8. The filter device according to claim 7, wherein the third 
filter circuit is a ladder filter. 
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9. The filter device according to claim 2, wherein at least 
one of the first, second and third acoustic resonators is an 
elastic wave resonator. 

10. The filter device according to claim 9, wherein the 
elastic wave resonator is a surface acoustic wave resonator. 5 

11. The filter device according to claim 1, wherein the first 
capacitance element includes an acoustic resonator. 

12. The filter device according to claim 2, wherein the 
second capacitance element provides impedance adjust-
ment. 10 

13. The filter device according to claim 1, wherein the 
second filter circuit includes a plurality of series arm reso-
nators provided along the second signal line. 

14. The filter device according to claim 13, wherein the 
second filter circuit includes a plurality of parallel arm 15 

resonators in parallel arms connected to connection points 
between the plurality of series arm resonators and a ground 
potential. 

15. The filter device according to claim 1, further com-
prising a low pass filter connected between the third filter 20 

circuit and a third terminal along the third signal line. 
16. The filter device according to claim 15, wherein the 

third filter circuit is a high pass filter. 
17. The filter device according to claim 15, wherein the 

low pass filter includes an inductor provided along the third 25 

signal line, and a capacitance element connected in parallel 
with the inductor. 

18. The filter device according to claim 1, wherein an 
anti-resonant frequency of the third acoustic resonator of the 
third filter circuit is located in the second pass band of the 30 

second filter circuit. 

* * * * * 
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