SPECI FI CATI ON TI TLE OF THE | NVENTI ON DUPLEXER, FILTER AND COVMUNI CATI ON
MODULE Field [O0001] A certain aspect of the present invention relates to a
dupl exer, a filter and a conmuni cati on nodul e. Background [ 0002] Recently, a
mul ti-band and a nmulti-systemof a wrel ess conmunication device such as a
nmobi | e phone unit is developed. A single wreless conmunication device has
a plurality of wireless conmuni cation devices. On the other hand,

downsi zi ng of the wireless conmunication device is continuously reqU|red
Therefore, reducing of the nunber of conponents used in a wireless

communi cation device is exam ned. For exanple, reducing of the nunber of
components by renbving an interstage filter of a transmt line or a receive
line is exam ned. However, in tRpgcegsaridProvenent of attenuation
characteristic of a fllter or inprovenent of isolation characteristic

between a transmt term nal Tgpd: arr@gehvesiigiginal of a duplexer is
required.

DUPLEXER, FILTER AND COMMUNICATION MODULE

Field
[0001] A certain aspect of the present invention relates to a duplexer, a filter and a

communication module.

Background
[0002] Recently, a multi-band and a multi-system of a wireless communication device such
as a mobile phone unit is developed. A single wireless communication device has a plurality of
wireless communication devices. On the other hand, downsizing of the wireless
communication device is continuously required. Therefore, reducing of the number of

- components used in a wireless communication device is examined. For example, reducing of
the number of components by removing an interstage filter of a transmit line or a receive line is
examined. However, in this case, improvement of attenuation characteristic of a filter or
improvement of isolation characteristic between a transmit terminal and a receive terminal of a
duplexer is required.
[0003] There is supposed a method of connecting an inductor in series with a parallel
resonator in a case where a ladder type acoustic wave filter is used, as a method of improving the
attenuation characteristic of a filter or the isolation characteristic of a duplexer. However, with
the method, there is a problem that insertion loss may be increased. Japanese Patent

Application Publication No. 2011-71911 (hereinafter referred to as Document 1) discloses a filter



[ 0003] There i s supposed a nethod of connecting an inductor in series with a
parall el resonator in a case where a | adder type acoustic wave filter is
used, as a nmethod of inproving the attenuation characteristic of a filter
or the isolation characteristic of a duplexer. However, with the nethod,
there is a problemthat insertion | oss nay be increased. Japanese Patent
Application Publication No. 2011-71911 (hereinafter referred to as Docunent
1) discloses a filter achieving high attenuation, high isolation and | ow
loss. In the filter of Docunent 1, a phase converter is connected in
paraliel with a resonator connected to a filter portion extracting a signal
having an arbitrary frequency band. The filter converts a phase of a signal
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different from a phase at the resonator by 180 degrees.

SUMMARY OF THE INVENTION
[0005] According to an aspect of the present invention, there is provided a duplexer
including: a transmit filter that is connected between an antenna terminal and a transmit terminal
and has a plurality of acoustic wave resonators; a receive filter that is connected between the
antenna terminal and a receive terminal and has a plurality of acoustic wave resonators; and a
delay line or a longitudinal coupling type resonator that is connected in parallel with at least one
of the plurality of acoustic wave resonators of the transmit filter and the plurality of acoustic
wave resonators of the receive filter and has at least two [DTs (Interdigital Transducers).

[0006] According to another aspect of the present invention, there is provided a filter



[ 0006] Accordi ng to anot her aspect of the present invention, there is
provided a filter including: a plurality of acoustic wave resonators
connected between an input term nal and an output termnal; and a del ay
line or a longitudinal coupling type resonator that is connected in
parallel with at |east one of the plurality of acoustic wave resonators and
has at least two IDTs (Interdigital Transducers). [0007] According to

anot her aspect of the present invention, there is provided a comrunication
nodul e i ncluding the duplexer or the filter. BRI EF DESCRI PTI ON OF THE

DRAW NGS [0008]FIG 1 illustrates a bl ock di agram of a nobile phone
termnal; FIG2 illustrates a bl ock diagram of a predicted nobile phone
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il lustrates an exa a circuit diagramof a | adder type acoustic wave
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coupl i né) ype acoustic ‘wave resonator filter;

parallel with at least one of the plurality of acoustic wave resonators and has at least two IDTs

(Interdigital Transducers).

[0007] According to another aspect of the present invention, there is provided a

communication module including the duplexer or the filter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 illustrates a block diagram of a mobile phone terminal;

FIG 2 illustrates a block diagram of a predicted mobile phone terminal;

FIG. 3 illustrates a block diagram of a duplexer;

FIG. 4 illustrates an example of a circuit diagram of a ladder type acoustic wave filter;

FIG. 5 illustrates an example of a circuit diagram of a longitudinal coupling type
acoustic wave resonator filter;

FIG. 6 illustrates an example of a circuit diagram of a filter in which a ladder type
acoustic wave filter and a longitudinal coupling acoustic wave resonator filter are combined;

FIG. 7 illustrates an example of a circuit diagram of a filter in which a longitudinal
coupling type acoustic wave resonator filter and an acoustic wave resonator are combined;

FIG. 8A illustrates an example of a plane view of a surface acoustic wave resonator;

FIG. 8B illustrates an example of a cross sectional view taken along a line A-A of FIG.
8A;

FIG. 8C illustrates an example of a cross sectional view of a love wave resonator;

FIG. 8D illustrates an example of a cross sectional view of a boundary acoustic wave
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FIG 6 illustrates an exanple of a circuit diagramof a filter in which a
| adder type acoustic wave filter and a | ongitudinal coupling acoustic wave
resonator filter are conbined; FIG7 illustrates an exanple of a
circuit diagramof a filter in which a |ongitudinal coupling type acoustic
wave resonator filter and an acoustic wave resonator are conbined; FIG 8A
illustrates an exanple of a plane view of a surface acoustic wave

resonator; FIG 8B illustrates an exanple of a cross sectional view taken
along a line A-A of FIG 8A; FIG 8Cillustrates an exanple of a cross
sectional view of a |ove wave resonator; FIG 8D illustrates an exanple of

a cross sectional view of a boundary acoustic wave resonator; FIG 9A
i1l ustrargas..an exanple of a plane view of a piezoelectric thin film
resonator; BIG 9B illustrates an exanpl e of a cross sectional view taken

along a | ingdoA ififisifalefan example of a plane view of a piezoelectric thin film resonator;

FIG. 9B illustrates an example of a cross sectional view taken along a line A-A of FIG.
OA;

FIG. 10A illustrates an example of a plane view of a longitudinal coupling fype acoustic
wave resonator filter using a surface acoustic wave, a love wave and a boundary acoustic wave;

FIG. 10B illustrates a cross sectional view of a longitudinal coupling type acoustic wave
resonator filter using a bulk acoustic wave;

FIG. 11A illustrates a circuit diagram of a duplexer in accordance with a first
comparative example;

FIG. 11B and FIG. 11C illustrate an e?camp]e of isolation characteristic;

FIG. 12A illustrates an example of a circuit diagram of a cancel circuit;

FIG. 12B and FIG. 12C illustrate an example of characteristic of a signal having passed
thorough a cancel circuit;

FIG. 13 illustrates an example of a circuit diagram of a duplexer in accordance with the
first embodiment;

FIG. 14A illustrates a simulation result of isolation characteristic of a duplexer in
accordance with the first embodiment;

FIG.14B illustrates a simulation result of insertion loss;

FIG. 15A through FIG. 15E illustrate a modified embodiment of a cancel circuit;

FIG. 16 illustrates an example of a plane view of an acoustic wave delay ling;

FIG. 17A through FIG. 17D illustrate a connection example of a cancel circuit;

FIG. 18A illustrates an example of a duplexer used for a simulation;



9A; FIG 10A illustrates an exanple of a plane view of a |ongitudinal
coupling type acoustic wave resonator filter using a surface acoustic wave,

a |l ove wave and a boundary acoustic wave; FIG 10B illustrates a cross
sectional view of a longitudinal coupling type acoustic wave resonator
filter using a bul k acoustic wave; FIG 11A illustrates a circuit

di agram of a duplexer in accordance with a first conparative exanple; FIG
11B and FIG 11C illustrate an exanple of isolation characteristic; FIG 12A
illustrates an exanple of a circuit diagram of a cancel circuit;

FIG 12B and FIG 12C illustrate an exanple of characteristic of a signal
havi ng passed thorough a cancel circuit; FIG 13 illustrates an
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FIG. 19 illustrates a plane view of an electrostatic capacitor structured by an IDT
without a reflector;

FIG. 20A illustrates an example of a circuit diagram of a duplexer in accordance with a
second comparative example;

FIG. 20B illustrates an example of a circuit diagram of a duplexer in accordance with a
second embodiment;

FIG. 21A illustrates an example of a plane view of a transmit filter chip of the second
comparative example;

FIG. 21B illustrates an example of a plane view of a transmit filter chip of the second
embodiment;

FIG. 22A illustrates an example of a plane view of a receive filter chip of the second
comparative example;

FIG. 22B illustrates an example of a plane view of a receive filter chip of the second
embodiment;

FIG. 23A through FIG. 23C illustrate examples of a plane view of a lamination substrate
on which a transmit filter chip and a receive filter chip of the second comparative example are
mounted;

FIG. 24A through FIG. 24C illustrate examples of a plane view of a lamination substrate
on which a transmit filter chip and a receive filter chip of the second embodiment are mounted;

FIG. 25 illustrates an exploded perspective view of a package;

FIG. 26 illustrates a measured result of amplitude characteristic of an isolation signal of

duplexers of the second comparative example and the second embodiment;



FIG 14A illustrates a sinmulation result of isolation characteristic of a

dupl exer in accordance with the first enbodinent; FIG 14B illustrates a
simulation result of insertion loss; FIG 15A through FIG 15E illustrate a
nodi fi ed enbodi ment of a cancel circuit; FIG 16 illustrates an exanpl e of
a plane view of an acoustic wave delay line; FIG 17A through FIG 17D
illustrate a connection exanple of a cancel circuit; FIG 18A illustrates an
exanpl e of a dupl exer used for a sinulation; FIG 18B illustrates a

simulation result of filter characteristic of a transmt filter; FIG 19
illustrates a plane view of an electrostatic capacitor structured by an |1DT

wi thout a reflector; FIG 20A illustrates an exanple of a circuit
di agram of ﬂcﬂyﬁAﬁﬁ@frathpaa%%réaq&uﬁ Mphfd Rars@EQAR; conparati ve exanpl e;
FIG 20B illustrates an exanpl e of Circuit diagram of a duplexer in

accordance-Mk;?ngﬂﬁgﬁggga ggﬁﬂhq&&%mfaQ\mme FIG 21Aillustrates an

exanpl e of a ane V|em/o a transmt frlter chip of the second conparative

S?gg‘sﬂm? Lot ItGe.’rZS% Eiugtratgs']'%h&!aln %E)(Ifq tc@%r%lggﬁa%ﬁ{@ Sifle-8af 1308 YpeW of a
acoustic wave filter;

FIG. 28B illustrates an example of pass characteristic;

FIG. 29A illustrates an example of a circuit diagram of a ladder type acoustic wave filter
having two series resonators;

FIG. 29B illustrates an example of pass characteristic;

FIG. 30A illustrates an example of a circuit diagram of a ladder type acoustic wave filter
having three series resonators;

FIG. 30B illustrates an example of pass characteristic;

FIG. 31A illustrates an example of a circuit diagram of a duplexer in accordance with a
third comparative example;

FIG. 31B illustrates an example of a circuit diagram of a duplexer in accordance with a
third embodiment;

FIG. 32A illustrates a simulation result of amplitude characteristic of a signal having
passed through a cancel circuit;

FIG. 32B illustrates a simulation result of phase characteristic;

FIG. 33 illustrates a simulation result of frequency characteristic of a longitudinal
coupling type acoustic wave resonator and an acoustic wave resonator structuring a cancel
circuit;

FIG. 34 illustrates a simulation result of amﬁlitude characteristic of an isolation signal of

duplexers of the third comparative example and the third embediment;



FIG 22A illustrates an exanple of a plane view of a receive filter chip of
the second conparative exanpl e; FIG 22B illustrates an exanpl e of
a plane view of a receive filter chip of the second enbodi nent;

FIG 23A through FIG 23C illustrate exanples of a plane view of a

| am nati on substrate on which a transmt filter chip and a receive filter
chip of the second conparative exanple are nounted; FI G 24A t hrough
FIG 24C illustrate exanples of a plane view of a | am nation substrate on
which a transmt filter chip and a receive filter chip of the second

enbodi nent are nounted; FIG 25 illustrates an expl oded perspective view of
a package; FIG 26 illustrates a neasured result of anplitude
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conparative exanp cond enbodi nent ; |G 27A illustrates a

rreasu%%g#ﬁeg%gbgdg{enpg@?&%gjs%g rﬁélftl 4a FIG 27B illustrates a measured

resul ustrates an exanple of a circuit di agram

of a singl epgl agQlAALES bio¥PGiaRGRMUH omiRifSalibh kBlule in accordance with a

fourth embodiment.

DETAILED DESCRIPTION
[0009] First, a description will be given of a reason that improvement of isolation
characteristics of a duplexer is demanded. FIG. 1 illustrates a RF (Radio Frequency) block
diagram of a mobile phone terminal.  As illustrated in FIG. 1, the mobile phone terminal has a
duplexer 100, an antenna 102, a power amplifier 104, an interstage filters 106 and 108 and a
transceiver IC 110. The transceiver IC 110 has a receive circuit 112, a transmit circuit 114, a
low noise amplifiers 116 and 118, a mixers 120 and 122, a low pass filters 124 and 126, a
variable gain amplifiers 128 and 130, a hybrid 132 and an oscillator 134.  The transmit circuit
114 generates a transmit signal. The interstage filter 106 allows passage of the transmit signal
and suppresses a signal having a frequency that is different from that of the transmit signal.
The power amplifier 104 amplifies the transmit signal. The duplexer 100 outputs the transmit
signal to the antenna 102 and does not output the transmit signal to a receive side. The antenna
102 transmits the transmit signal.
[0010] The antenna 102 receives a receive signal. The duplexer 100 outputs the receive
signal to the receive side, and does not output the receive signal to a transmit side. The low
noise amplifiers 116 and 118 amplify the receive signal. The interstage filter 108 allows
passage of the receive signal and suppresses a signal having a frequency that is different from

that of the receive signal. The interstage filter 108 balanced-outputs an unbalanced input. The



FIG 28B illustrates an exanpl e of pass characteristic; FI G 29A
Il1lustrates an exanple of a circuit diagramof a | adder type acoustic wave
filter having two series resonators; FIG 29B illustrates an exanpl e of
pass characteristic; FIG 30A illustrates an exanple of a circuit

di agram of a | adder type acoustic wave filter having three series
resonators; FIG 30B illustrates an exanple of pass characteristic;

FIG 31A illustrates an exanple of a circuit diagram of a duplexer in
accordance with a third conparative exanpl e; FIG 31B illustrates an
exanple of a circuit diagramof a duplexer in accordance with a third
enbodi nent ; FIG 32A illustrates a simulation result of anplitude
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illustrates a sinmulation result of phase characteristic;
oscillation signal output by the oscillator 134, and outputs the two signals to the mixers 120 and
122 respectively. The mixers 120 and 122 mix the receive signal and the oscillation signal.
The low pass filters 124 and 126 allow passage of the down-converted receive signal and
suppresses a carrier signal. The receive circuit 112 receives a signal and processes the signal.
[0011] In order to downsize the mobile phone terminal of FIG. 1, a structure illustrated in
FIG 2 isrequired. As illustrated in FIG. 2, the inerstage filters 106 and 108 and the low noise
amplifier 116 are removed, and the duplexer 100 generates a balanced signal. When the
interstage filters 106 and 108 are removed, the duplexer 100 also acts as the interstage filters.
That is, it is needed that a filter of the duplexer 100 has a suppressing performance of two filters.
In concrete, improvement of suppressing degree out of a pass band of a filter characteristic and
improvement of an isolation characteristic of a duplexer are demanded.
[0012] A description will be given of the isolation. FIG. 3 illustrates a block diagram of a
duplexer. As illustrated in FIG. 3, the duplexer has a transmit filter 136, a receive filter 138 and
a matching circuit 140. The transmit filter 136 is connected between an antenna terminal Ant
and a transmit terminal Tx. The receive filter 138 is connected between the antenna terminal
Ant and a receive terminal Rx. The matching circuit 140 is connected between the antenna
terminal Ant and at least one of the transmit filter 136 and the receive filter 138.
[0013] The transmit filter 136 allows passage of a signal of a transmit band of signals input
from the transmit terminal Tx to the antenna terminal Ant as the transmit signal, and suppresses
other signals having other frequencies. The receive filter 138 allows passage of a signal of a

receive band of signals input from the antenna terminal Ant to the receive terminal Rx as the

receive signal, and suppresses other signals having other frequencies. The matching circuit 140



FIG 33 illustrates a sinulation result of frequency characteristic of a

| ongi tudi nal coupling type acoustic wave resonator and an acoustic wave
resonator structuring a cancel circuit; FIG 34 illustrates a
simulation result of anplitude characteristic of an isolation signal of
dupl exers of the third conparative exanple and the third enbodi nent;

FIG 35 illustrates an exanple of a circuit diagram of a duplexer in
accordance with a nodified enbodi nrent of the third enbodi nent; and

FIG 36 illustrates a bl ock diagram of a conmuni cati on nodul e i n accordance
with a fourth enbodi mnent. DETAI LED DESCRI PTI ON [ 0009] First, a description
w ll be given of a reason that inprovenent of isolation characteristics of
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power of the transmit signal input to the transmit terminal Tx is much larger than that of the
receive signal input to the antenna terminal Ant. Therefore, it is required that a rate of the
transmit signal output to the receive terminal Rx is greatly reduced. The rate of the electrical
power leaked to the receive terminal Rx of the electrical power of the transmit signal input to the
transmit terminal Tx is an isolation between the transmit terminal and the receive terminal. The
leaked signal is an isolation signal. And so, a description will be given of embodiments
achieving improvement of the isolation characteristic.

[First Embodiment]

[0015] First, a description will be given of a filter used in a duplexer. FIG. 4 illustrates an
example of a circuit diagram of a ladder type acoustic wave filter. As illustrated in I'IG. 4, a
ladder type acoustic wave filter 10 has series resonators S1 through 83 in which acoustic wave
resonators are connected in series and parallel resonators P1 and P2 in which acoustic wave
resonators are coupled in parallel, between an input terminal Tin and an output terminal Tout.
[0016] FIG. 5 illustrates an example of a circuit diagram of a longitudinal coupling type
acoustic wave resonator filter (a multiple mode filter). As illustrated in FIG. 5, a. longitudinal

coupling type acoustic wave resonator filter 12 has acoustic wave resonators R1 through R3.



[ 0010] The antenna 102 receives a receive signal. The dupl exer 100 outputs
the receive signal to the receive side, and does not output the receive
signal to a transmt side. The | ow noise anplifiers 116 and 118 anplify the
receive signal. The interstage filter 108 all ows passage of the receive
signal and suppresses a signal having a frequency that is different from
that of the receive signal. The interstage filter 108 bal anced-out puts an
unbal anced input. The hybrid 132 generates two signals having a phase
different fromeach other by 90 degrees froman oscillation signal output
by the oscillator 134, and outputs the two signals to the m xers 120 and
122 respectively. The mxers 120 and 122 m x the receive signal and the
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resonators S1 and S2 and the parallel resonator P1 and P2. The longitudinal coupling type

acoustic wave resonator filter 12 has the acoustic wave resonators R1 through R3.

[0018] FIG. 7 illustrates an example of a circuit diagram of a filter in which the longitudinal
coupling type acoustic wave resonator filter and an acoustic wave resonator are combined. As
illustrated in FIG. 7, the series resonator S1 and the longitudinal coupling type acoustic wave
resonator filter 12 are connected in series between an input terminal Tin and an output terminal
Tout. The parallel resonator P1 is connected in parallel between the input terminal Tin and the
output terminal Tout.

[0019] One of the filters illustrated in FIG. 4 through FIG. 7 may be used as a transmit filter
and a receive filter of a duplexer.

[0020] Next, a description will be given of an example of an acoustic wave resonator used in
afilter. FIG. 8A illustrates an example of a plane view of a surface acoustic wave resonator.

FIG. 8B illustrates an example of a cross sectional view taken along a line A-A of FIG. 8A. FIG.
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[0013] The transmt filter 136 all ows passage of a signal of a transmt band
of signals input fromthe transmt termnal Tx to the antenna term nal Ant
as the transmt signal, and suppresses other signals having other
frequencies. The receive filter 138 all ows passage of a signal of a receive
band of signals input fromthe antenna termnal Ant to the receive termna
Rx as the receive signal, and suppresses other signals having other
frequencies. The matching circuit 140 is a circuit naking an inpedance

mat ching so that the transmt signal having passed the transmt filter 136
is output fromthe antenna term nal Ant without |eaking to the receive
filter 138 side. [0014]ldeally, it is preferable that all of the transmt
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reflected by the reflector RO.  Thus, the surface acoustic wave resonator resonates at a
frequency that is compatible with the wavelength i of the acoustic wave.
[0021] Plane views of the love wave resonator and the boundary acoustic wave resonator are
the same as FIG. 8A. Therefore, an explanation is omitted. As illustrated in FIG. 8C, in the
love wave resonator, a dielectric film 20 is provided so as to cover the metal film 16. A silicon
oxide film may be used as the dielectric film 20. As illustrated in FIG. 8D, in the boundary
acoustic wave resonator, a dielectric film 22 is further provided on the dielectric film 20. An
aluminum oxide film may be used as the dielectric film 22. It is preferable that a sonic speed of
the dielectric film 22 is higher than that of the dielectric film 20, in order to confine the acoustic
wave in the dielectric film 20.

[0022] FIG. 9A illustrates an example of a plane view of a piezoelectric thin film resonator.

FIG. 9B illustrates an example of a cross sectional view taken along a line A-A of FIG. 9A.  As
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[0016]FIG 5 illustrates an exanple of a circuit diagram of a |ongitudinal
coupling type acoustic wave resonator filter (a nultiple node filter). As
illustrated in FIG 5, a longitudinal coupling type acoustic wave resonator
filter 12 has acoustic wave resonators Rl through R3. The acoustic wave
resonators Rl through R3 are arrayed in a propagation direction of an
acoustic wave. A first end of the acoustic wave resonator R2 is connected
to an input termnal Tin. A second end of the acoustic wave resonator R2 is
connected to a ground. First ends of the acoustic wave resonators Rl and R3
are connected to an output term nal Tout. Second ends of the acoustic wave
resonators RI and R3 are connected to the ground. [0017]FIG 6 illustrates

cous fRgadln AFPARM RCFRA PFbRde 2678 %‘%%ﬁem*fﬁrﬁlm S o vav
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cavity 34.

[0023] At least one of the surface acoustic wave resonator, the love wave resonator, the

boundary acoustic wave resonator and the piezoelectric thin film resonator illustrated in FIG. 8A

through FIG. 9B may be used as the acoustic wave resonator of the filters illustrated in FIG. 4

through FIG. 7.

[0024] Next, a description will be given of the longitudinal coupling type acoustic wave

resonator in detail. FIG. 10A illustrates an example of a plane view of a longitudinal coupling

type acoustic wave resonator using a surface acoustic wave, a love wave and a boundary acoustic

wave. As illustrated in FIG. 10A, IDT1 through IDT3 are arrayed in a propagation direction of

an acoustic wave between the reflectors RO.  One of comb-like electrodes of the IDT2 is

connected to the input terminal Tin. The other is grounded. One of the comb-like electrodes

of each of the IDT1 and the IDT3 is connected to the output terminal Tout. The other of each of

the IDT1 and the IDT3 is grounded.

[0025] FIG. 10B illustrates a cross sectional view of a longitudinal coupling type acoustic
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and a receive filter of a duplexer. [0020] Next, a description wll be given
of an exanple of an acoustic wave resonator used in a filter. FIG 8A
illustrates an exanple of a plane view of a surface acoustic wave

resonator. FIG 8B illustrates an exanple of a cross sectional view taken
along a line AAA of FIG 8A FIG 8Cillustrates an exanple of a cross
sectional view of a |ove wave resonator. FIG 8D illustrates an exanpl e of

a cross sectional view of a boundary acoustic wave resonator. As
illustrated in FIG 8A and FIG 8B, a netal film 16 such as al um num or
copper is provided on a piezoelectric substrate 14 such as lithium

tantal ate (LT) or lithiumniobate (LN). The netal film16 fornms a reflector
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PCS (Personal Communications Service) of which transmit band is 1850 MHz to 1910MHz and

of which receive band is 1930 MHz to 1990 MHz. FIG 11A illustrates a circuit diagram of the

duplexer of the first comparative example. FIG. 11B and FIG. 11C illustrate an example of

isolation characteristic. As illustrated in FIG. 11A, in the duplexer of the first comparative

example, a ladder type acoustic wave filter is used as a transmit filter 142 and a receive filter 144.

The transmit filter 142 has series resonators S11 through $14 and parallel resonators P11 through

P13. The receive filter 144 has series resonators S21 through S24 and parallel resonators P21

through P23. A matching circuit 146 has an inductor L1 connected between the antenna

terminal Ant and the ground. A transmit signal input to the transmit terminal Tx passes through

the transmit filter 142. A large part of the transmit signal is output from the antenna terminal

Ant. A part of the transmit signal is output to the receive terminal Rx as an isolation signal. A
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illustrated in FIG 9A and FIG 9B, a |ower el ectrode 26, a piezoelectric
film28 such as alumnumnitride and an upper electrode 30 are lamnated in
this order on a substrate 24 such as silicon. A region in which the upper

el ectrode 30 and the | ower el ectrode 26 sandw ch the piezoelectric film 28
and are overl apped with each other is a resonance region 32. In the
resonance region 32, an acoustic wave that is excited in the piezoelectric
film 28 and propagates vertically (a bul k wave of a thickness extensional

vi bration) resonates. Therefore, the resonance region 32 acts as a
resonator. A cavity 34 is forned in the substrate 24 bel ow t he resonance
region 32. The cavity 34 may be forned between the substrate 24 and the

| over  gl.8ellAdeing @ tofmaafeﬁh@{ehﬁlnmwa@sséﬁhnﬂ@hIﬂeeczrebéwe fferaaousd isc wave may
be forned |nstead of the cavity 34. [0023] At 1east one of the surface

acous%hgmpgﬁﬁéﬁggg@@%gﬁmiﬁQe | ove wave resonator, the boundary acoustic
wave resonator and the piezoelectric thin f|In1resonator illustrated in
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film I'sgrounde upper € pl ezoel ectric
thin fllnkﬁgsonator 36b is grounded The Iomer electrode 26 of the
pi ezodIBEH FEYhin fil mresonator 36b is connected to the input terminal

N ustPBela %‘?‘Iésetf gl oG B i e e AR B e ever he
out pUtgenerXtegl) wn:ﬁ use of’71 anl%ngltu%maﬁ)couplmg type acoustic wave resonator. FIG. 12A illustrates
an example of a circuit diagram of the cancel circuit. FIG. 12B and FIG. 12C illustrate an
example of characteristic of a signal having passed thorough the cancel circuit.  As illustrated in
FIG. 12A, a cancel circuit 40 has electrostatic capacitors 42 and 44 and the longitudinal coupling
type acoustic wave resonator 46 connected in series between the input terminal Tin and the
output terminal Tout. The electrostatic capacitor 42 is connected to an input side of the
longitudinal coupling type acoustic wave resonator 46. The electrostatic capacitor 44 is

connected to an output side of the longitudinal coupling type acoustic wave resonator 46.

[0030] The longitudinal coupling type acoustic wave resonator 46 has three acoustic wave
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[ 0026] A description will be given of a duplexer in accordance with a first
conparative exanple. The duplexer of the first conparative exanple is a
dupl exer used in a North America PCS (Personal Conmuni cations Service) of
which transmt band is 1850 MHz to 1910MHz and of which receive band is
1930 MHz to 1990 MHz. FIG 11A illustrates a circuit diagram of the dupl exer
of the first conparative exanple. FIG 11B and FIG 11Cillustrate an
exanpl e of isolation characteristic. As illustrated in FIG 11A, in the
dupl exer of the first conparative exanple, a | adder type acoustic wave
filter is used as a transmt filter 142 and a receive filter 144. The
transmt filter 142 has series resonators S 11 through S14 and parall el

reson sonat ors
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type acoustic wave resonator 46. In this case, the amplitude and the phase of the signal having
passed through the cancel circuit 40 may be adjusted by adjusting the thickness of the dielectric
film 38.

[0031] FIG. 12B illustrates a simulation result of amplitude characteristic of a signal having
passed through a cancel circuit. FIG. 12C illustrates a simulation result of the phase
characteristic. In FIG. 12B and FIG. 12C, a thick line indicates the signal having passed
through the cancel circuit, and a thin line indicates the isolation signal of the duplexer of the first
comparative example. As illustrated in FIG. 12B and FIG. 12C, the signal having passed
through the cancel circuit 40 has amplitude similar to the isolation signal and has an opposite
phase with respect to the isolation signal in the transmit band and the receive band, when the
interval between the input IDT and the output IDT, the pitch of electrode fingers and the opening

length of the longitudinal coupling type acoustic wave resonator 46 are adjusted. The
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[ 0029] The present inventors have researched and found that the cancel path
can be generated with use of a |ongitudinal coupling type acoustic wave
resonator. FIG 12A illustrates an exanple of a circuit diagram of the
cancel circuit. FIG 12B and FIG 12C illustrate an exanpl e of
characteristic of a signal having passed thorough the cancel circuit. As
illustrated in FIG 12A, a cancel circuit 40 has electrostatic capacitors
42 and 44 and the | ongitudinal coupling type acoustic wave resonator 46
connected in series between the input termnal Tin and the output term nal
Tout. The electrostatic capacitor 42 is connected to an input side of the
| ongi tudi nal coupling type acoustic wave resonator 46. The electrostatic
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cancel124i r diiptefare, apsaplanHpnih@mit€a] ati on characteristic is inproved.

[0033] FIG. 14A illustrates a simulation result of the amplitude characteristic of the isolation
signal of the duplexer of the first embodiment. FIG.14B illustrates a simulation result of
insertion loss. In FIG. 14A and FIG. 14B, the simulation result of the duplexer of the first
comparative example is also illustrated, for comparison. A thick line indicates the simulation

result of the first embodiment. A thin line indicates the simulation result of the first
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[0032]FIG 13 illustrates an exanple of a circuit diagram of the dupl exer
of the first enbodi ment. The dupl exer of the first enbodinent is also a
dupl exer used in the North America PCS. As illustrated in FIG 13, in the
dupl exer of the first enbodiment, the | adder type acoustic wave filter is
used as a transmt filter 48 and a receive filter 50. The transmt filter
48, the receive filter 50 and a matching circuit 52 have the sane structure
as the first conparative exanple. Therefore, an explanation is omtted. The
cancel circuit 40 is connected between a node between the series resonator
SII and the transmt term nal Tx and a node between the series resonator
S24 and the receive termnal Rx, the series resonator Sl| being the closest
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including the longitudinal coupling type acoustic wave resonator 46 is connected between the

transmit terminal Tx and the receive terminal Rx in parallel with the transmit filter 48 and the

receive filter 50. Thus, it is possible to improve the isolation characteristic of the duplexer

without increasing insertion loss, by connecting the cancel circuit 40 in parallel with at least one

of the acoustic wave resonators of the transmit filter 48 and the receive filter 50.

10036] The cancel circuit 40 is not limited to the structure of FIG. 12A.  The cancel circuit
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[ 0035] As descri bed above, in accordance with the first enbodi nent, the
cancel circuit 40 including the |ongitudinal coupling type acoustic wave
resonator 46 is connected between the transmt termnal Tx and the receive
terminal Rx in parallel with the transmt filter 48 and the receive filter
50. Thus, it is possible to inprove the isolation characteristic of the
dupl exer wi thout increasing insertion |oss, by connecting the cancel
circuit 40 in parallel with at | east one of the acoustic wave resonators of
the transmt filter 48 and the receive filter 50. [0036] The cancel circuit
40 is not limted to the structure of FIG 12A. The cancel circuit 40 may

have a structure in accordance with nodified enbodinments illustrated in
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durability can be inproved. [0038] An acoustic wave delay |line may be used
i nst e AEVBFeSPHAC] Bhgi t udi nal coupl i ng type acoustic wave resonator 46, in
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As illustrated in FIG. 15E, an acoustic wave resonator 58 may be connected between a node

between the acoustic wave resonator 54 and the longitudinal coupling type acoustic wave

resonator 46 and the ground.  Thus, the electrical power supplied to the longitudinal coupling

type acoustic wave resonator 46 is suppressed, and the power durability can be improved.

[0038] An acoustic wave delay line may be used instead of the longitudinal coupling type

acoustic wave resonator 46, in the cancel circuit 40. FIG. 16 illustrates an example of a plane

view of an acoustic wave delay line 60. As illustrated in FIG. 16, the acoustic wave delay line

60 has at least two IDTs (an IDT1 and an IDT2).  One of comb-like electrodes of the IDTT1 is

connected to the input terminal Tin.  The other is grounded. One of comb-like electrodes of
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the IDT2 is connected to the output term nal Tout. The other is grounded.
The IDT1 and the IDT2 are arrayed in a propagation direction of an acoustic
wave. There is no reflector outside of the IDI1 and the IDT2. That is, the
acoustic wave delay line 60 is not resonated. Even if the acoustic wave
delay line 60 is used, the signal having passed through the cancel circuit
40 has approximately the sanme anplitude as the isolation signal and has an
approxi mately opposite phase with respect to the isolation signal, when the
interval between the input IDT and the output IDT, a pitch of electrode
fingers and an opening length are adequately adjusted. And, the anplitude
and the phase may be adjusted by changing the structure of an apodize
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to both of the input side and the output side of the acoustic wave delay line or the longitudinal

coupling type acoustic wave resonator in series with the acoustic wave delay line or the

longitudinal coupling type acoustic wave resonator. . When the acoustic wave resonator or

the electrostatic capacitor is connected to at least the input side and the output side in series,

increase of the insertion loss is easily restrained. When the acoustic wave resonator or the

electrostatic capacitor is connected to both of the input side and the output side in series, the

increase of the insertion loss is restrained more easily. Further, it is preferable that an acoustic

wave resonator or an electrostatic capacitor is connected between a node between an acoustic
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circuit 40 may have a connection structure illustrated in FIG 17A through
FIG 17D. As illustrated in FIG 17A the cancel circuit 40 nmay be
connected between an arbitrary node in the transmt filter 48 and an
arbitrary node in the receive filter 50. As illustrated in FIG 17B, the
cancel circuit 40 may be connected between the transmt termnal Tx and the
antenna termnal- Ant in parallel with the transmt filter 48. In this case,
the attenuation characteristic of the transmt filter 48 is inproved.
Therefore, the isolation characteristic of the receive band can be inproved
by increasing suppression degree of the receive band. As illustrated in
FIG 17C, the cancel circuit 40 may be connected between the receive
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P an enna P rminal Ant in parwfJl lel with the transmit é lter f\ There may be a single cancel circuit

40 connected between the receive terminal Rx and the antenna terminal Ant in parallel with the
receive filter 50. That is, there may be provided a plurality of the cancel circuits 40. Thus, the

cancel circuit 40 may be connected between various nodes of a duplexer.  The cancel circuit 40
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the insertion |loss of the transmt band was not increased even if the
cancel circuit 40 was connected. [0043] Therefore, it is found that using of
the cancel circuit 40 inproves the isolation characteristic of the dupl exer
and the attenuation characteristic of the filter. That is, it is possible
to inprove the attenuation characteristic of the filter w thout increasing
of the insertion |loss, when the filter has a plurality of acoustic wave
resonators and a cancel circuit connected in parallel with at |east one of
t he acoustic wave resonators. The transmt filter 48 of FIG 17B, the
receive filter 50 of FIG 17C, the transmt filter 48 and the receive
filter 50 of FIG 17C may be used as the filter. [0044]A filter may have a
St r UCthHy@elAni¥icahin ?ﬂaﬁél%lﬁltdn% OORHERCH BEIE RAVO FesOat@HE o LINB GhARSE AkdragCapaci t or
is connécted to at [east one of an input side and an output side of an
acousthg meav&ivaiiay shi ne or a longitudinal coupling type acoustic wave
resonator in series with the acoustic wave delay line or the |ongitudinal

coupl irf@s 1} ypeH@t‘é%‘ﬁés’cﬁ Bty Wtcﬁ' FiltePchaWRlelis@SofitheushiRtiemes in dBRe fi | ter
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el ect ragtAht CarfcliR@eldt Wco‘nﬁec‘%&ﬂf&%&e‘ﬁ%é t‘?a:ﬂf?l‘itﬁex‘?xfmé] re\ﬁ‘d tHaRiensd AfmAad the

out put side of the acoustic wave delay line or the |ongitudinal coupling

type agQUIl ifudBYR I SRONRLON diflea®ld RSd WirbRihgHAL o ust 'dﬁprl\éﬁéf%séiﬁﬂo%he' ine or
the |ongitudinal coupling type acoustic wave resonator the 1 ncrease

Of t N&irh IStk QQuPIBREG cherf@S Bahd NG iW- DA ( \Kﬁgb@an@@oc?eclﬁ’i%sfdnvc\l}d\tﬁﬁﬁ?e resonat or

an el ectrostatic capacitor may be connect In para an acoustic

Wave aelax) %’a{%&b&f wiftcil Qgﬁhﬁ%hﬁ'?é 1938 %RLS {Bgl%ﬁs?ﬁ{?%ﬁi‘éftw}ﬁ%ﬂ\{%&vé Ea%ﬂgé‘t or

between a n et ween € acoustic wave Ine or t I 'ongi t udi nal

CO“p' b ”Eoeﬂ/btpﬁ%%%‘%{zc YeM Audi GRANEERS. 1§ﬂdth@’89ﬁ§@?&rc%ﬁ%%hﬁ ve resonator

anot ectrostati c capaclitance conhected I n series the acoustic

Wa"e el A¥sthild ;b%p tofsh@ 4%18%' bggie Cgar]%Q}AQf &oﬂggrﬁ%ugﬁl g@ﬁ%{&t\b B HabepNAL O

and the groun hus ower e acousti c wave

del ay ;{ écﬁ& eflld l%jé?\%%énO[HQ{rﬁx‘ré% hitke Eggﬁ%’l“ﬁ! Arfd9nd Q’rﬁ&m@Q%ih?r{a!&)%&@?‘{ﬁrall@ﬁ&ﬂﬁ{h%r s
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cancel Circuit has only to be connected in parallel with an acoustic wave
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duplexer. FIG. 18B illustrates a simulation result of the filter characteristic of the transmit filter.
In FIG. 18B, a thick line, a thin line and a dashed-dotted line respectively indicate the three types
of simulations. For comparison, another simulation of the filter characteristic of the transmit
filter was performed with respect to a case where the cancel circuit 40 was not connected. A
broken line indicates the result.  As illustrated in FIG. 18B, it is found that the suppression
degree of the GPS (Global Positioning System) band (1565MHz to 1585 MHz) is greatly
improved, the suppression degree of the receive band is greatly improved, and both of the
suppression degrees of the GPS band and the receive band are greatly improved, according to the

setting of the parameters of the longitudinal coupling type acoustic wave resonator 46. And,
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[0046] In the cancel circuit 40 of FIG 12A, FIG 15A and FIG 15C, the

el ectrostatic capacitors 42 and 44 connected to the | ongitudinal coupling
type acoustic wave resonator 46 in series may be structured by an |IDT

wi thout a reflector. Wien an electrostatic capacitor is connected between
the electrostatic capacitor 42 and the |ongitudinal coupling type acoustic
wave resonator 46 in parallel, the electrostatic capacitor connected in
parall el nmay be structured by an IDT without a reflector. FIG 19
illustrates a plane view of the electrostatic capacitor structured by the
| DT without a reflector. [0047]When the opening |length of the |IDT
structuring the acoustic wave delay Iine 60 and the |ongitudinal coupling
type @l?eog%ﬁ&l He& t%@t?%ﬁﬁ'nktq{ané Qral Rot3RQEdsed EB iPAVREnEIYiRRItUDtAsT S degraded
and the device may Is theretore preferable that the | ength of
the op %F ngof the IDT of the acoustic wave delay line 60 and the

| ongi t'u |naF coupling type acoustic wave resonator 46 is Iong The |l ength

of th‘joda%ig'en?ggréfofér & sefo%{i Mlag?%g%&thé@ﬁ@el A0 i B@es%eel%?l 3l y 40 ?1/ 4.

OLb o I's’a wave an acoustic wa 004 he first
enmbodi &£ t | add
type §§§hs “éﬁ%ﬁh&qgﬁﬁ%&WEHFE &mgﬁﬁﬁﬁgg&gﬁgﬁggﬁF&%ﬁp%greggégnﬁgfhg rgce?Le

t hrou eas one e sur ace acousti ¢ wave resonator, the

lpiO\égoila OS5 ¥ Ilr,le:%(s:tﬁef‘ ﬁ 1lter h{‘aI % H]ﬁlralﬂqg %oﬁstﬁ%&@%s%n%@%%n& aeanat aFcuﬁanﬁe%d in

res may beé use he resonator 1 ncluded in
the f Iplaga el w1[t Set(igas ore mﬁﬁj' ‘{r%ustic wave resonators. The transmit filter 48 of FIG. 17B,
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the receive filter 50 of FIG. 17C, the transmit filter 48 and the receive filter 50 of FIG. 17C may
be used as the filter.

[0044] A filter may have a structure in which an acoustic wave resonator or an electrostatic
capacitor is connected to at least one of an input side and an output side of an acoustic wave
delay line or a longitudinal coupling type acoustic wave resonator in series with the acoustic
wave delay line or the longitudinal coﬁpling type acoustic wave resonator, as well as the
duplexer. The filter may have another structure in which the acoustic wave resenator or the
electrostatic capacitor is connected to both of the input side and the output side of the acoustic
wave delay line or the longitudinal coupling type acoustic wave resonator in series with the
acoustic wave delay line or the longitudinal coupling type acoustic wave resonator.  Thus, the
increase of the insertion loss is easily restrained. And, an acoustic wave resonator or an
electrostatic capacitor may be connected in parallel with an acoustic wave delay line or a
longitudinal coupling type acoustic wave resonator between a node between the acoustic wave
delay line or the longitudinal coupling type acoustic wave resonator and another acoustic wave
resonator or another electrostatic capacitance connected in series with the acoustic wave delay

line or the longitudinal coupling type acoustic wave resonator and the ground. Thus, the
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[0049]FIG 20A illustrates an exanple of a circuit diagramof a duplexer in
accordance with a second conparative exanple. FIG 20B illustrates an
exanple of a circuit diagramof a duplexer in accordance with a second
enbodi ment. The dupl exers of the second conparative exanple and the second
enbodi ment are dupl exers used for the North Anerica PCS. As illustrated in
FIG 20A, the transmt filter 142 is a four-stage | adder type acoustic wave
filter. The receive filter 144 is a six-stage | adder type acoustic wave
filter. The transmt filter 142 has the series resonators S| through 513
and the parallel resonators P11 and P12. The receive filter 144 has the
series resonators S21 through 524 and the parallel resonators P21 through

P23. %m%ﬁ&ﬂ%&@ﬂigﬁ@ o MEYSUEES DAL Rlayl e b8 81 @?mﬁarsc%ﬁpm kesonat ors and

t he para resonato The mat chi ng CIFCUIt 146 has the inductor Li
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coupl ing type acous |c wave resonat or are connected in series.
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:§n3|ﬁ§&Pﬁ§ ﬁﬁﬁﬂ?ﬁ@ {5 %@@%@ﬂlv%rﬁ%3 nggﬁg@%ﬁe%g&npﬁéﬁgm%gﬁégf circuit
Thas, THOUEINAN @wﬁ%rﬁi%ﬂegfoaﬁ "4 the cancel circuit 40a i's provi ded
on t h%Oéé{ﬁns m\?\yhe];l Iﬂllet o%reni(r:lg Ilcglg& of the IDT structuring the acoustic wave delay line 60 and

the longitudinal coupling type acoustic wave resonator 46 is short, the power durability is

degraded and the device may be broken. It is therefore preferable that the length of the opening

of the IDT of the acoustic wave delay line 60 and the longitudinal coupling type acoustic wave

resonator 46 is long. The length of the opening is preferably 20 A or more, and is more

preferably 40 A or more. The “A” is a wavelength of an acoustic wave.

[0048] In the first embodiment, the transmit filter 48 and the receive filter 50 are a ladder

type acoustic wave filter. However, the transmit filter 48 and the receive filter 50 may have at
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[0052] FIG 22A illustrates an exanple of a plane view of a receive filter
chip of the second conparative exanple. FIG 22B illustrates an exanpl e of
a plane view of a receive filter chip of the second enbodi nent. As
illustrated in FIG 22A and FIG 22B, in receive filter chips 156 and 70, a
metal filmconposed of Al is provided on the piezoelectric substrates 150
and 64 conposed of LT. The netal filmforns each resonator, the pads 152
and 66 and interconnection |ines. The bunps 154 and 68 are provided on the
pads 152 and 66. The pad Ant of the pads 152 and 66 is a pad connected to
the antenna termnal. A pad Rx is a pad connected to the receive termnal.
The pad Gnd is a pad connected to the ground. A pad Y is a pad connected

t 0 t h@aCRSF e MRVEIILASMA3H PIG 34hRlugh PES. gangeleagiohe Uf the 40dace Bagikii¢ esonat or
corresponds to the resonators of FIG 20A and FIG 20B. Thus, the

I ongi (y4dé RRbnAQURL 1RG WaXP BesBEAbS the oISy B8R AL 1&BnAbthndhike acoustic wave
resonator 56 in the cancel circuit 40a are provided on the receive filter

chip é%zo&l%@ﬂhﬁ fim R3dhatRMONIR K Las tgﬁfésd.)ﬂaltdﬁﬂdl@fe_@ ie¥Rmees of a plane

Vi ew a lam nation substrate on which the transmt filter chip and the

recei ﬁmgﬁjgg$oﬁgkgqof the second conparative exanple are nounted. FIG 24A
throug FIG 24C il lustrate exanples of a plane view of a | am nation

subst L(ﬁ)t@h on i sl IRSAE ARSIl JlaRircGif iR @R aipleRESh Wscdkddnb&Witk Ni P Of
t he second enbodi ment are nounted. FIG 23A and FIG 24A illustrate an

exarf%%e«ﬁmoﬁl Raifve %f%pledi ?I(ﬁtzbﬁqmétﬁbé‘?%e%l@&da dteuRiddpneBe 4 he transnit

filter chips 148 an and the receive filter chips 156 and 70 are

flip- gn&gﬁxd&?rﬁﬁcgﬂian&%iﬁi %ecgr?’cfblﬂﬁ%u'ﬁbxﬁ 24f dt%@xe}sr SROidcodd ddn§fardbiob P 148

and 6 e recelve ter chips 156 and are seen through. FIG 23B
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provi on a |lower face thereof The foot pads

190 2043 REot L AR 1SR Lnealobe b il il s 160, and

74. F ustrate exanp ower faces of

Fla SIS T AT e AR G BRI R e R IS ot
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fi Mt o e R el
resonfaltor %ﬁlhaprovsl Qeqr on toﬁle tlrtgnsu% t J}lllﬁdt er PChi p %5% i t h2t he ﬁ%ngl?’f udi nal
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provi de € receive er c are vias In which a

et al THE ?n%wh?ntgl At r1@6 He{seth@i;nhﬁlgtgr ﬂﬁgfﬁ'ﬁlgctg‘ds §et@9691 thé aﬁ@&aqwiﬁﬁ ‘Ant and
the ground.
[0050] As illustrated in FIG. 20B, the transmit filter 48, the receive filter 50 and the
matching circuit 52 have the same structure as the second comparative example. Therefore, an
explanation is omitted. A cancel circuit 40a is connected in parallel with the transmit filter 48
and the receive filter 50 between the transmit terminal Tx and the receive terminal Rx. Inthe
cancel circuit 40a, the acoustic wave resonators 54 and 56 and the longitudinal coupling type
acoustic wave resonator 46 are connected in series. The acoustic wave resonator 54 is
connected to the transmit terminal Tx side of the longitudinal coupling tyi)e acoustic wave

resonator 46, and the acoustic wave resonator 56 is connected to the receive terminal Rx side of
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[0055] As illustrated in FIG 23B and FIG 24B, the interconnection |lines
164 and 77 conposed of a netal such as copper is provided on upper faces of
the foot pad layers 162 and 76 conposed of an insulating material such as
ceram cs. The vias 166 and 78 penetrating the die attach |layers 158 and 72
are electrically connected to the interconnection lines 164 and 77. Vias
168 and 80 are vias in which a netal penetrating the foot pad | ayers 162
and 76 are buried. [0056]As illustrated in FIG 23C and FIG 24C, the vias
168 and 80 penetrating the foot pad |layers 162 and 76 are electrically
connected to the foot pads 160 and 74 conposed of a netal. A foot pad Ant
of the foot pads 160 and 74 is a foot pad connected to the antenna

term el jondn il cRBnd % P!e ScishiORhvaREbnaRAAEC Bk bAcifudfal EPEAD fypé er m nal

Tx. A foot pad Rx s a'foot pad connected to the receive termnal Rx. A

foot Q@&s@%{féreemia&% RedrneRRRERRE tHrQ dDS@ANE @lesom&é RifhGug?R3.

illustrates an expl oded perspecti've view of a package. As illustrated in

FI G 25 BcEabhik v{r%\é%soﬁé'topﬁ NRQER IO cofttic vAsAlradohf8rs At 4 4l R BiedugRS

ceramics I's provided on a |lam nation substrate 82 |nclud|ng t he dle attach
| ayer pand the foot pad layer. A cavity 86 is forned in a center of the
cavity Tayer 84. The chips 62 and 70 are flip-chip nounted on the

Lo DD BT D0l SRSl oyl b e
W t h t Qﬁgﬁ%@&eeé{aﬁliie aFP@Q’Z"i%Qﬁus?lgtés An @Qén?]he bP2pahd PSwhe a AAfsnliPrR&niPuUNt ed
of the second embodiment.  As illustrated in FIG. 21A and FIG. 21B, in transmit filter chips 148

and 62, a metal film composed of Al is provided on piezoelectric substrates 150 and 64
composed of LT.  The metal film forms each resonator, pads 152 and 66 and interconnection
lines. Bumps 154 and 68 are provided on the pads 152 and 66. A pad Ant of the pads 152 and
66 is a pad connected to the antenna terminal. A pad Tx is a pad connected to the transmit
terminal. A pad Gnd is a pad connected to the ground. A pad X is a pad connected to the
longitudinal coupling type acoustic wave resonator 46 of the cancel circuit 40a.  Each resonator
corresponds to the resonators of FIG: 20A and FIG. 20B.  Thus, the acoustic wave resonator 54
in the cancel circuit 40a is provided on the transmit filter chip 62.

[0052] FIG. 22A illustrates an example of a plane view of a receive filter chip of the second
comparative example. FIG. 22B illustrates an example of a plane view of a receive filter chip
of the second embodiment. As illustrated in FIG. 22A and FIG. 22B, in receive filter chips 156
and 70, a metal film composed of Al is provided on the piezoelectric substrates 150 and 64
composed of LT.  The metal film forms each resonator, the pads 152 and 66 and interconnection
lines. The bumps 154 and 68 are provided on the pads 152 and 66. The pad Ant of the pads

152 and 66 is a pad connected to the antenna terminal. A pad Rx is a pad connected to the

receive terminal. The pad Gnd is a pad connected to the ground. A pad Y is a pad connected
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[0058]FIG 26 illustrates a nmeasured result of anplitude characteristic of
an isolation signal of the duplexers of the second conparative exanple and
t he second enbodinent. In FIG 26, a thin line indicates the isolation
signal of the second conparative exanple, and a thick line indicates the

i sol ation signal of the second enbodinment. As illustrated in FIG 26, in
the transmt band and the receive band, the isolation of the second

enbodi ment is inproved by approximately 10 dB conpared to the second
conparative exanple. This is because the cancel <circuit 40a is connected
between the transmt termnal Tx and the receive termnal Rx in parallel
with the transmt filter 48 and the receive filter 50. That is the sane
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el ect 1'6&
examples of a top view of foot pad layers 162 and 76 having foot pads 160 and 74 provided on a

lower face thereof. The foot pads 160 and 74 are seen through. A broken line indicates the
foot pads 160 and 74. FIG. 23C and FIG. 24C illustrate examples in which the lower faces of
the foot pad layers 162 and 76 are seen through.

[0054] As illustrated in FIG. 23A and FIG. 24 A, interconnection lines 164 and 77 composed
of a metal such as copper is provided on upper faces of the die attach layers 158 and 72
composed of an insulating material such as ceramics. An interconnection line 77a for the
cancel circuit electrically connects the acoustic wave resonator 54 provided on the transmit filter
chip 62 with the longitudinal coupling type acoustic wave resonator 46 and the acoustic wave
resonator 56 provided on the receive filter chip 70.  Vias 166 and 78 are vias in which a metal

penetrating the die attach layers 158 and 72 are buried.
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may be provided instead of the acoustic wave resonators 54 and 56 connected
to the longitudinal coupling type acoustic wave resonator 46 in series. An
acoustic wave resonator or an electrostatic capacitor may be connected

bet ween the acoustic wave resonator 54 and the | ongitudinal coupling type
acoustic wave resonator 46 in parallel. Further, an acoustic wave del ay
line may be used as the |ongitudinal coupling type acoustic wave resonat or
46. [0062] Here, a description will be given of a reviewresult of a Q val ue
of an acoustic wave resonator in the case where the acoustic wave resonator
is used as a capacitor as well as the acoustic wave resonators 54 and 56. A
surface acoustic wave resonator was made. In the surface acoustic wave
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[0057] FIG. 25 illustrates an exploded perspective view of a package. As illustrated in FIG.
25, a cavity layer 84 composed of an insulating material such as ceramics is provided on a
lamination substrate 82 including the die attach layer and the foot pad layer. A cavity 86 is
formed in a center of the cavity layer 84. The chips 62 and 70 are flip-chip mounted on the
lamination substrate 82. A lid 88 composed of a metal is fixed on the cavity layer 84. Thus,
the chips 62 and 70 are sealed in the cavity 86. With the processes, a package 90 in which the
chips 62 and 70 are mounted is formed.

[0058] FIG. 26 illustrates a measured result of amplitude characteristic of an isolation signal
of the duplexers of the second comparative example and the second embodiment. In FIG. 26, a
thin line indicates the isolation signal of the second comparative example, and a thick line
indicates the isolation signal of the second embodiment. As illustrated in FIG. 26, in the
transmit band and the receive band, the isolation of the second embodiment is improved by

approximately 10 dB compared to the second comparative example. This is because the cancel
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[0064] Here, a relation between the fr and the f40 is generalized. Fromthe
result of FIG 27B, a fornmula (1) is obtained. fr = 1.138 X fa(1l) Here, it
is preferable that the Q value of the acoustic wave resonators 54 and 56 is
40 or nore, in the transmt band of the transmt filter 48 and the receive
band of the receive filter 50. An upper Iimt frequency of the receive band
is fup. Wien the resonance frequency fr of the acoustic wave resonators 54
and 56 satisfies the formula (2), the Q value of the acoustic wave
resonators 54 and 56 keeps 40 or nore in the transmt band and the receive
band. fr > 1.138 X fup(2) [0065]Here, the formula (2) is described with use
of the pitch of electrode fingers. A series resonator of which resonance

fr equ@f?&ﬁthéi()% it B inbQUERwESHBE Fafiast ehSinkPPRend théficteild RAHRBICKx Bf patdIRl pass
band int | adder type acoustic wave filter. That is, a series resonator

of whigh ¢l &&ﬂm?tfﬁlték @@5&@@!@:&&1@9%@ b6 Ut Wiklesinedeler | Megirdhe upper

limt frequency. el ectrode fingers of a resonator of which pitch
of elgg P6®9% {lngers |s the wi dest in the series resonators in one of the
transm ter 48 and the receive filter 50 in the duplexer of FIG 20B

havi nf()()ge])as SInQﬁ'@Qc%ﬁcﬁﬁmﬁMerR' LhBlstfRah FIve 208 R8I FIGE 28BN HE acolstd Wi Of

el ect fingers o e acoustic wave resonators 54 and 56 is ?Leap. In
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pit cap of electrode fingers o he acoustic

wave Le3onab ot R4s provided on the transmit filter chip 62, and the acoustic wave resonator 56

connected to the receive terminal Rx side of the longitudinal coupling type acoustic wave

resonator 46 is provided on the receive filter chip 70.  The acoustic wave resonator 54

attenuates a transmit signal. It is therefore possible to electrically insulate the transmit terminal

Tx from the receive terminal Rx, compared to the case where both of the acoustic wave

resonators 54 and 56 are provided on the transmit filter chip 62 or the receive filter chip 70. |

Thus, the isolation characteristic can be more improved. The longitudinal coupling type

acoustic wave resonator 46 may be provided on the transmit filter chip 62 or provided on the

receive filter chip 70.

[0060] In the second embodiment, all of the longitudinal coupling type acoustic wave

resonators 46 and the acoustic wave resonators 54 and 56 are provided on the transmit filter chip

62 and the receive filter chip 70.  As illustrated in FIG. 16E, the acoustic wave resonator 58

may be connected between the acoustic wave resonator 54 and the longitudinal coupling type

acoustic wave resonator 46 in parallel. A part of or all of the longitudinal coupling type

acoustic wave resonator 46 and the acoustic wave resonators 54, 56 and 58 may be provided on

the transmit filter chip 62 and the receive filter chip 70.

[0061] In the second embodiment, as well as the first embodiment, an electrostatic capacitor

may be provided instead of the acoustic wave resonators 54 and 56 connected to the longitudinal
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and 56 satisfying the fornula (3) is sets, the Q value of the acoustic wave
resonators 54 and 56 can be 40 or nore in the transmt band and the receive
band. And, the | oss of the signal passing through the acoustic wave
resonators 54 and 56 can be suppressed. [0067] The above description is
based on the neasured result of the surface acoustic wave resonator in

whi ch the I DT was provided on the 42 degrees Y-cut LT substrate, the pitch
A. of electrode fingers was 1.62 [tm the opening |length was 19.9 k, and
the electrode pairs of the IDT was 59.5. Sim | ar nmeasurenment was perforned
Wi th respect to other resonators. As the results, the relation of the
formula (1) did not fluctuate, even if the cut angle of the LT substrate
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was 2332 MHz, and an anti-resonance frequency fa was 2405 MHz.

[0063] As illustrated in FIG. 27B, it is found that the Q value is zero around the resonance
frequency fr. And it is found that the Q value is a low value (10 or so) at the resonance
frequency fr or more. This may be because a bulk wave (an acoustic wave radiated into inside
of the piezoelectric substrate) is excited from the IDT at a frequency higher than the resonance
frequency fr, and the bulk wave makes a loss and causes the reduction of the Q value.  On the
other hand, it is found that the Q value gets higher with increasing distance from the resonance
frequency fr at a frequency lower than the resonance frequency fr.  For example, when the Q
value is 40 or more, the loss of the signal passing through the acoustic wave resonator used as
the capacitor is sufficiently suppressed. It is therefore preferable that the Q value is 40 or more.

A frequency fgg at which the Q value was 40 was 2050 MHz.
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transmt filter 48 or the receive filter 50 as illustrated in FIG 17B
through FIG 17D, the relation "kn.yr > 1.138 X Xcap" has only to be
satisfied when the pitch of electrode fingers of a resonator having the

| argest pitch of electrode fingers of the series resonators connected in
parallel with the cancel circuit 40a is Anmp Wien the cancel circuit 40a is
connected in parallel with at | east one of the series resonator of the
transmt filter 48 and the receive filter 50 as illustrated in FIG 17A,
the relation "kur > 1.138 X ?Leap"” has only to be satisfied when the pitch
of electrode fingers of a resonator having the |argest pitch of el ectrode
fingers of the series resonators that are included in one of the transmt
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in FI%t>{1%§59ygh F ?. 7 may be used. A surface acoustic wave resonator is
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used as the frdhsm ilter 48 and the receive filter 50. However, a |ove

rave [GHaNal oA 2 RANNBIIAAGRIS i WEXPIE bliPhe oREHRRE. AC072]| N

fi
t he fﬂ enbodi hrent e second enbodi nen p exers used in the

B N N e
R
%ginm&h F%]?%U:‘ﬁ)%ﬁr%%g%‘%%% ?ic%étgde%in%g q’leq.lfppm&rﬁitt-' frjé&%ﬁi:)y € Apﬁ‘i'fb(ijldf s 869 Mz to

electrode fingers of a resonator of which pitch of electrode fingers is the widest in the series

resonators in one of the transmit filter 48 and the receive filter 50 in the duplexer of FIG. 20B

having a pass band frequency higher than the other is hipr. A pitch of electrode fingers of the

acoustic wave resonators 54 and 56 is hep.  In this case, the formula (3) is obtained.

Mpr > 1.138 X Acap 3)

[0066] Therefore, when the pitch Acsp of electrode fingers of the acoustic wave resonators 54

and 56 satisfying the formula (3) is sets, the Q value of the acoustic wave resonators 54 and 56

can be 40 or more in the transmit band and the receive band. And, the loss of the signal passing

through the acoustic wave resonators 54 and 56 can be suppressed.

[0067] The above description is based on the measured result of the surface acoustic wave
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[0073] A third enbodi nent is an enbodi nent where isol ation characteristic of
a suppressed band higher than a pass band of a transmt filter is inproved
in a duplexer using a | adder type acoustic wave filter as the transmt
filter. First, a description will be given of the pass characteristic of
the | adder type acoustic wave filter. FIG 28A illustrates an exanple of a
circuit diagramof a single-stage | adder type acoustic wave filter. FIG
28B il lustrates an exanple of the pass characteristic. As illustrated in
FIG 28A, in the single-stage | adder type acoustic wave filter, a series
resonator Sl is connected between an input termnal "In" and an out put
termnal "Qut" in series, and a parallel resonator Pl is connected in
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characteristic between the resonance frequency and the anti-resonance frequency is L
characteristic (dielectric). Therefore, the Q value cannot be determined. At the resonance
frequency or less, the Q value gradually gets closer to “Q = 1/wCR”. In a SH wave resonator
using an LT substrate or an LN substrate, a bulk wave radiation occurs at a frequency a little
more than the anti-resonance frequency (a cut-off frequency of a bulk wave). The loss caused
by the bulk wave radiation causes radical degradation of the Q value of the electrostatic capacitor
at a frequency higher than the anti-resonance frequency. With the reason, the Q characteristic

in the case where the electrostatic capacitance is made of the resonator using the SH wave is
illustrated in FIG. 27B, in spite of the substrate or the cut angle.

[0069] When the cancel circuit 40a is connected in parallel with the series resonator of the
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filter having two series resonators. FIG 29B illustrates an exanpl e of
pass characteristic. As illustrated in FIG 29A, a series resonator S2 of
whi ch anti-resonance frequency is higher than that of the series resonator
Si is connected between the input termnal "In" and the output term nal
"Qut" in series in addition to the series resonator SI. In FIG 29B, a
thick solid line indicates the pass characteristic of the | adder type
acoustic wave filter having the two series resonators, and a dashed-dotted
| ine indicates the pass characteristic of the series resonator S2. As
illustrated in FIG 29B, in the | adder type acoustic wave filter having the
two series resonators, a suppressed band reflecting the anti-resonance
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preferable that one of comb-like electrodes of the IDT is connected to the other of the IDT in
series via an isolated electrical conductor. In particular, the electrical power of the transmit
signal is large. It is therefore preferable that the comb-like electrodes of the IDT are connected
in series via the isolated electrical conductor and the power durability of the acoustic wave
resonator 54 provided on the side of the transmit terminal Tx is improved.
[0071] In the second embodiment, the transmit filter 48 and the receive filter 50 are a ladder
type acoustic wave filter. However, at least one of the filters illustrated in FIG. 4 through FIG. 7
may be used. A surface acoustic wave resonator is used as the transmit filter 48 and the receive
filter 50. However, a love wave resonator and a boundary acoustic wave filter may be used.

[0072] In the first embodiment and the second embodiment, the duplexers used in the North
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It is therefore preferable that the frequency characteristic of a signal
havi ng passed through the cancel circuit reflects the anti-resonance
characteristic of the series resonator, in order to cancel the isolation
signal with the signal having passed through the cancel circuit. [0079]FI G
BlAillustrates an exanple of a circuit diagramof a duplexer in accordance
with a third conparative exanple. FIG 31B illustrates an exanple of a
circuit diagramof a duplexer in accordance with the third enbodi nent. The
dupl exers cover a Band 1 of WCDMA system (transmt band: 1920 MHz to 1980
MHz, receive band: 2110 MHz to 2170 MHz). As illustrated in FIG 31A, the
dupl exer of the third conparative exanple has the transmt filter 142, the
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pass characteristic of the single-stage ladder type acoustic wave filter, a thin solid line indicates

the pass characteristic of the series resonator S1, and a broken line indicates the pass

characteristic of the parallel resonator P1.  As illustrated in FIG. 28B, a pass amount of the

series resonator S1 indicates a maximum at the resonance frequency fis and indicates a minimum

at the anti-resoﬁance frequency fs. On the other hand, a pass amount of the parallel resonator

P1 indicates a minimum at the resonance frequency frp, and indicates a maximum at the

anti-resonance frequency f,,. Therefore, when the resonance frequency [ of the series
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[0081]In the third conparative exanple and the third enbodi nent, a

mul ti-stage | adder type acoustic wave filter is used as the transmt
filter. Therefore, as described with reference to FIG 28A through FIG
30B, the isolation signal has an attenuation pole in the suppressed band
(in the receive band) on the side of high frequency of the transmt filter.
And, the anplitude characteristic and the phase characteristic of the

i sol ation signal drastically change in the suppressed band. It is
preferable that the paranmeters of the acoustic wave resonators Rl through
R3 structuring the |ongitudinal coupling type acoustic wave resonator 46
are adequately set, and the frequency characteristic of a signal having

passed.d,nLgrgNisty Psroﬁﬁmay tifel saimiiat tAQRre&bhatkE %egmcﬁgg bf the pauangIce
characteristic of the acoustic wave resonators 81 through 87, in order to
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a suppressed band reflecting the anti-resonance characteristic of the two series resonators S1 and

$2 oceurs in a frequency band higher than the pass band.

[0077] FIG. 30A illustrates an example of a circuit diagram of a ladder type acoustic wave

filter having three series resonators.  FIG. 30B illustrates an example of pass characteristic. As
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signal of the duplexers of the third conparative exanple and the third
enbodinment. In FIG 34, a thick line indicates the sinulation result of the
third enbodinment, and a thin line indicates the sinulation result of the
third conparative exanple. As illustrated in FIG 34, the isolation
characteristic of the third enbodinent is inproved in both of the transmt
band and the receive band, conpared to the third conparative exanple. In
particular, the isolation signal of the third conparative exanple has an
attenuation pole in the receive band and the anplitude characteristic of
the isolation signal of the third conparative exanple drastically changes.
In the third enbodi nent, the isolation characteristic is inproved in the

whol e iffsuhfag il BRERYE, abs%ﬂ@s reddtiaforiss oPQhRNSRilrBRNSI@TRLudIRY idgageAd t hrough
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an attenuation pole occurs in the suppressed band on the side of high frequency. Thus, the
amplitude characteristic and the phase characteristic drastically change in the suppressed band.

It is therefore preferable that the frequency characteristic of a signal having passed through the
cancel circuit reflects the anti-resonance characteristic of the series resonator, in order to cancel
the isolation signal with the signal having passed through the cancel circuit.

[0079] FIG. 31A illustrates an example of a circuit diagram of a duplexer in accordance with
a third comparative example. FIG. 31B illustrates an example of a circuit diagram of a duplexer

in accordance with the third embodiment. The duplexers cover a Band 1 of W-CDMA system
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Thus, the isolation characteristic in the transmt band can be nore
inproved. It is therefore preferable that one of the transmt filter and
the receive filter having a pass band frequency |ower than the other is a

| adder type acoustic wave filter, the anti-resonance frequency of the
acoustic wave resonator that is included in the cancel circuit and is
connected to the |ongitudinal coupling type acoustic wave resonator in
series is in the pass band of one of the transmt filter and the receive
filter having a pass band frequency higher than the other. [0087]In the
third enbodi mrent, when the cancel circuit 40b is connected between the
transmt termnal Tx and the antenna termnal Ant as in the case of FIG 18A

and Fl G, 88nB0fo20 N ¥J1ﬁ)8t)§v@ﬂ{§tré&§\/e%ﬁﬂ 304 @R13L 02195 MHES. dupl exer but
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Jongitudinal coupling type acoustic wave resonator 46 connected in series. The acoustic wave

resonators 81 through 85 are connected to the transmit terminal Tx side of the longitudinal
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[ 0090] The technical idea of the third enbodinent is applied to the case.
One of the transmt filter and the receive filter having a pass band
frequency higher than the other is a | adder type acoustic wave filter. The
resonance frequency of the acoustic wave resonator that is included in the
cancel circuit and is connected to the |ongitudinal coupling type acoustic
wave resonator in parallel is in the pass band of one of the transmt
filter and the receive filter having a pass band frequency |ower than the
other. In this case, the isolation characteristic of the duplexer can be
nore inproved. [0091]FIG 35 illustrates an exanple of a circuit diagram of
a dupl exer in accordance with a nodified enbodi nent of the third
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suppressed band. It is preferable that the parameters of the acoustic wave resonators R1

through R3 structuring the longitudinal coupling type acoustic wave resonator 46 are adequately

set, and the frequency characteristic of a signal having passed through the cancel circuit 40b

reflects the anti-resonance characteristic of the acoustic wave resonators 81 through 87, in order

to cancel the isolation signal with the signal having passed through the cancel circuit 40b.

[0082] FIG. 32A illustrates a simulation result of the amplitude characteristic of the signal

having passed through the cancel circuit 40b.  FIG. 32B illustrates a simulation result of the

phase characteristic. In FIG. 32A and FIG. 32B, a thick line indicates the signal having passed

through the cancel circuit 40b. For comparison, a thin line indicates the isolation signal of the

duplexer of the third comparative example.  As illustrated in FIG. 32A and FIG. 32B, when the

parameters of the longitudinal coupling type acoustic wave resonator 46 and the anti-resonance

frequency of the acoustic wave resonators 81 through 87 are adequately set, the signal having

passed through the cancel circuit 40b has approximately the same amplitude as the isolation
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wave resonator 46 and the acoustic wave resonators 81 through 87 connected
to the | ongitudinal coupling type acoustic wave resonator 46 in series. The
transmt filter 48 and the receive filter 50 are | adder type acoustic wave
filters. Therefore, the anplitude characteristic and the phase
characteristic of the isolation signal drastically change in the suppressed
band (the receive band) on the higher frequency side of the transmt filter
48 and the suppressed band (the transmt band) on the | ower frequency side
of the receive filter 50. Thus, the paraneters of the |ongitudinal coupling
type acoustic wave resonator 46 as described in the third enbodi nent are
adequately set, and the anti-resonance frequency of the acoustic wave
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wave Hl|t
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32A and FIG. 33, it is found that the signal having passed through the cancel circuit 40b has the
same attenuation pole as that of the isolation signal in the receive band, and the signal having
passed through the cancel circuit 40b has the same amplitude characteristic as the isolation signal
when the anti-resonance characteristic of the acoustic wave resonator 85 is used.
[0084] FIG. 34 illustrates a simulation result of the amplitude characteristic of the isolation
signal of the duplexers of the third comparative example and the third embodiment. In FIG. 34,
a thick line indicates the simulation result of the third embodiment, and a thin line indicates the
simulation result of the third comparative example.  As illustrated in FIG. 34, the isolation

characteristic of the third embodiment is improved in both of the transmit band and the receive

band, compared to the third comparative example. In particular, the isolation signal of the third
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resonators may be connected in parallel wit the |ongitudinal coupling type
acoustic wave resonator 46, and a resonance frequency of at |east one of
the plurality of acoustic wave resonators may be set in the transmt band.
The acoustic wave resonator, of which resonance frequency is set in the
transmt band, connected in parallel with the |ongitudinal coupling type
acoustic wave resonator 46 may be connected to one of the input side and
the output side, or both of the input side and the output side of the

| ongi tudi nal coupling type acoustic wave resonator 46. [0097]1In the third
enbodi nent and the nodi fi ed enbodi nent of the third enbodi nent, an

el ectrostatic capacitor or an acoustic wave resonator may be connected in

ser i egoMbdritieN&ahpRHat MfhRabattRURld Mahd XPAvAEAdShi themMAinideRatienstid6 in
order to suppress the signal anount flowing into the cancel circuit, as
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81 through 87 connected to the longitudinal coupling type acoustic wave resonator 46 in serics.
The transmit filter 48 is the ladder type acoustic wave filter. Therefore, the amplitude
characteristic and the phase characteristic of the isolation signal drastically change in the
suppressed band (the receive band) on the side of high frequency of the transmit filter 48. And
so, the parameters of the longitudinal coupling type acoustic wave resonator 46 are adequately
set, and the anti-resonance frequency of the acoustic wave resonator 85 is set in the receive band.
Thus, as described with reference to FIG. 32A through FIG. 33, the signal having passed through
the cancel circuit 40b has approximately the same amplitude as the isolation signal and the phase
of the signal having passed through the cancel circuit 40b gets closer to approximately opposite
phase with respect to the isolation signal in the transmit band and the receive band. Therefore,
as illustrated in FIG. 34, the isolation characteristic of the duplexer is more improved.

[0086] In the third embodiment, the duplexer has the transmit band lower than the receive
band. However, the duplexer may have the receive band lower than the transmit band. In this

case, the receive filter is structured by the ladder type acoustic wave filter, and the anti-resonance
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and the anplitude characteristic and the phase characteristic of the

i solation signal drastically change in the transmt band and/or the receive
band in the cases of the first enbodi nent through the third enbodi nent, it
is preferable that the cancel circuit has a | ongitudinal coupling type
acoustic wave resonator or a delay line. [Fourth Enbodi nent] [0100] A fourth
enbodi nent is an exanple of a comuni cation nodul e having any of the

dupl exers of the first enbodi nent through the third enbodinent. FIG 36
illustrates a bl ock diagramof a comuni cation nodule in accordance with
the fourth enbodinent. As illustrated in FIG 36, the comuni cation nodul e
has an antenna 92, an antenna switch 94, a duplexer bank 96 and an

anpl i fl8fentPOLHLE a@fistid REVCIRETRADE ARt IsQRciRAUh thel candDcif¥uitd W ®@nh@tedaonobi | e
phone and covers a plurality of comunication systems such as a GSM

( r 69' ﬁ{ce%f\)%huﬁfr@ﬂ%ﬁ@t VoS QRgdic WHRLrEBnkRF if\ehbd 18 sGaTREHaGahic 8d. Syst em or

system h respect to the GSM system the comuni cation nodul e

Cover%h%gne'\{g& N Gaf BN G Dine PARmiVEANP 8iHth (MR ed. 18OR thdizfokand (GSM
1800) 00 MHz band (GSM 1900). The antenna 92 is capabl e of

trans ] t he
o on e At S o i e gt 1

pl ur altHaEXhé)(gthQL{E’L g&sty;g’efseﬁ:oﬁﬁfc%@ fEE thebRGlle@hande ffﬁqdéiﬁk Br e %co%@ﬁc t h r ough

96¢c covers a plurality of connunlcatlon systems. The antéenna sw tch

I f
se ec;@r greg%k&gﬁ% lsfﬁxgngw@& GO E%&@Eﬂcpi@ cSuREEMd ahemntgnﬁdlgél%@ﬂuntgy 0

dupl e ank 96 according to the conmini Cati on

Syst e@éae%ﬁo%ﬁ?%% Fersblﬁ%r?ﬁggerfeg hY%s@bﬁfdgi?%he oiatﬂgtrﬁx‘%gﬂ@ﬁlrte? ahfi@esel ect ed

dupl e he ant enna exer Is connected to the anplifier

dul I ived by th
pgcglg%gﬁefq@Fh%@ﬁ%L%k?BmﬁgggrSc%%gﬁ@ﬁﬁ%ﬁBﬁ%@%%S;ggaougSﬁf;vfhe ;nplsfied
S| gnagg(}fﬁ] p{nQﬁ@ thdd hbd i rﬁe‘nt I'}k%n"i’l{g) ahld] SlrcdIPA € cc%‘é]e@tg@ L%&?tb@ si gnal

gener rocessi ng out puts the a Ignal to the

transmaasntgte%nﬁrouaﬂ%g&%%% 1?%nttQ§&%99%a%§§fFﬂc9%§n%ﬁdFﬂ(?@§é pe of the

duplexers cCls a exer of t rst e ment 't rough t he

third egﬁﬁ lngPt a}acke%s%g'gft%%%ﬁg)?&%ﬁf Jgé 95@&9 gtg oSN Cathon modul e

in whi’Ch The Trsol |on character xer |s |nproved wi t hout

| ncr eash g fter bé?mfsﬂo%ch' e 1smﬁerﬁct99%@i@%koca @Xraﬁ& U”t ed

on an 311 r0n|c eVI ce'such as a wmre twor Kk

persona ﬂeas(‘f NPt BE acoustlg\wgpe'b?eg %o?soﬂl% tuP'ng tifeAhdde ﬁ}pg ta@d?ltst)ic wave filter, and

the anti-resonance frequency of the acoustic wave resonator connected to the longitudinal
coupling type acoustic wave resonator in series is in the suppressed band of the side of high
frequency of the ladder type acoustic wave filter, the attenuation characteristic of the filter can be
improved.

[0088] In the third embodiment, the acoustic wave resonators 81 through 87 are connected to
the longitudinal coupling type acoustic wave.resonator 46 in series, and the anti-resonance
frequency of the acoustic wave resonator 85 is set in the receive band. However, two or more
acoustic wave resonators of the acoustic wave resonators connected to the longitudinal coupling
type acoustic wave resonator 46 in series may have anti-resonance frequency in the receive band.

One of the acoustic wave resonators may be connected to the longitudinal coupling type acoustic
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[0103] I n the fourth enbodi nent, the communication nodule of the first

enbodi nent through the third enbodi nent is descri bed. However, a

comuni cation nodule having a filter including a cancel circuit connected
in parallel with at |east one of acoustic wave resonators. In this case, it
IS possible to provide a communi cation nodule in which attenuation
characteristic of a filter is inproved, w thout increasing of the insertion
| oss. [0104] The present invention is not limted to the specifically

descri bed enbodi nents, but other enbodi nents and variati ons nay be nade

wi t hout departing fromthe scope of the clained invention. CLAIMS What is
clainmed is: 1. A dupl exer conprising: atransmt filter that

| S CORRNRE tRONGIIER Rerdd, MAROARI-teSsithffreqabibyfiicadtahatic Waet Fsbadtorand has a

plurality of acoustic wave resonators;
may be set in the receive band. However, it is preferable that two or more acoustic wave
resonators are connected to the longitudinal coupling type acoustic wave resonator 46 in series,
because freedom degree of designing is increased in the case. The acoustic wave resonator, of
which anti-resonance frequency is set in the receive band, connected to the longitudinal coupling
type acoustic wave resonator 46 in series may be connected to one of the input side and the
output side, or both of the input side and the output side of the longitudinal coupling type
acoustic wave resonator 46.
[0089] As described with reference to FIG 28A and FIG. 28B, the single-stage ladder type
acoustic wave filter does not have a suppressed band of a sufficient width not only on the higher
frequency side but also on the lower frequency side. There is a method for using a plurality of
parallel resonators of which resonance frequency is different from each other as a method for
widening the suppressed band of the frequency band lower than the pass band. When the
ladder type acoustic wave filter is used in a duplexer, the isolation characteristic reflects the
resonance characteristic of the parallel resonators of the ladder type filter. That is, the isolation
signal reflects the resonance characteristic of the parallel resonator of the ladder type acoustic
wave filter. And, an attenuation pole occurs in the suppressed band on the side of low
frequency. Thus, the amplitude characteristic and the phase characteristic drastically change in
the suppressed band. It is therefore preferable that the frequency characteristic of a signal
having passed through the cancel circuit reflects the resonance characteristic of the parallel
resonator, in order to cancel the isolation signal with the signal having passed through the cancel
circuit.

[0090] The technical idea of the third embodiment is applied to the case. One of the
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a receive filter that is connected between the antenna term nal and a
receive termnal and has a plurality of acoustic wave resonators; and

a delay line or a longitudinal coupling type resonator that is connected in
parallel with at |east one of the plurality of acoustic wave resonators of
the transmt filter and the plurality of acoustic wave resonators of the
receive filter and has at least two IDTs (Interdigital Transducers).

2. The duplexer as clained in claim| further conprising a first acoustic
wave resonator that is provided at | east one of on an input side and on an
out put side of the delay |line or the |ongitudinal coupling type resonator
and is connected in series with the delay line or the longitudinal coupling

type RSt HRerdAY ehd RENRHIRE haVREh B band frequen@NRgid tHahehd StAASIE ladhiéd ter
and the receive filter having a pass band frequency |lower than that of the

ot her vi3 aBolstbd@ale fiXRe Thd Le8bnandfequency of tﬁé‘ac%%tlc Wi %@ﬁ‘ﬁ@r thigguency of
the first acoustic wave resonator is in a pass band of one of the transmt

filt eﬁncmédtnh@le rc%c%l Mﬁcuttlaha s?srcoh@eetéaqo %eqaﬁgﬁme%ﬂdu?ﬁgg@g@xcomtgﬂ%vet han t hat
of the other. 3. dupl exer as clainmed in claim further conprising

a second ﬁ&ﬂH?HaﬁelV@mhe Bé‘s%%'ﬁﬁd Of ore R ihe! t&n%ﬁ‘ﬂlt@#ﬁxd%e k@éﬁé ﬁﬁ&%a’?ﬁag%” an

i nput si e and on an output side of the delay line or the |ongitudinal

coupl gQQ btaMdPﬁei ﬁ&ﬂl%(a@f th@f thel cthe? ONRAGKs 88ke! e RATAh Shark¥irddbit Bedel ay line or
the | Ongitudin coupl i ng type acoustic wave resonator,

duplexer can be more improved.

[0091] FIG. 35 illustrates an example of a circuit diagram of a duplexer in accordance with a
modified embodiment of the third embodiment. The duplexer covers a Band 1 of W-CDMA
system (transmit band: 1920 MHz to 1980 MHz, receive band: 2110 MHz to 2170 MHz), as well
as the third embodiment.  As illustrated in FIG. 33, the transmit filter 48 is an eight-stage ladder
type acoustic wave filter and has the series resonators S11 through S15 and the parallel
resonators P11 through P14 as well as the third embodiment. The receive filter 50 is a six-stage
ladder type acoustic wave filter and has the series resonators S21 through S24 and the parallel
resonators P21 through P23. The matching circuit 52 has the inductor L1 connected between
the antenna terminal Ant and the ground.

[0092] A cancel circuit 40c connected between the transmit terminal Tx and the receive
terminal Rx in parallel with the transmit filter 48 and the receive filter 50 has an acoustic wave
resonator 89 connected in parallel with the longitudinal coupling type acoustic wave resonator 46,
in addition to the structure of the cancel circuit 40b of the third embodiment. The resonance
frequency of the acoustic wave resonator 89 is set in the transmit band.

[0093] In accordance with the modified embodiment of the third embodiment, the cancel
circuit 40c¢ has the acoustic wave resonator 89 connected in parallel with the longitudinal

coupling type acoustic wave resonator 46 in addition to the longitudinal coupling type acoustic
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wher ei n: one of the transmt filter and the receive filter having a
pass band frequency higher than that of the other is a | adder type filter;

and a resonance frequency of the second acoustic wave resonator is
in a pass band of one of the transmt filter and the receive filter having
a pass band frequency | ower than that of the other. 4. The dupl exer

as clainmed in any of clains 1 to 3 further conprising an acoustic wave
resonator or an electrostatic capacitor that is provided at | east one of on
an input side and on an output side of the delay Iine or the |ongitudinal
coupling type resonator and is connected in series with the delay line or

t he | ongi tudi nal coupling type resonator. 5. The dupl exer as

cl ai Mgk ResGhadbBsdnWARS RbiktichevasQusdihs SVaMEu LSRR edb thd1Bngh@Rfal oSt at i ¢
capacitor is provided both of on the input side and on the output side of

the d%bgying!tyrb% Bbustib &2l ORGhiadi8ah sGRUP! TRG kRS 188 98 &idthe ARBivk Filteonnect ed
in series Wwth the delay Iine or the |ongitudinal coupling type resonator.

6. Th%o%%&‘a&%g@%cﬁsﬁ& ek fikers! aiHFoR! the a&gﬁﬁlﬁ%ha@mgh@thIe hfeousti c

wave resonator ‘or an el ectrostatic capacitor connected in parallel with the

del ay iy e dicto@ﬂle'iwwiomﬁgnﬁgdrfﬁfemw &Ha_g%é MRE g@?&@@a%@@ﬁ%@av@bﬁaﬁe

bet ween t elay line or ongi'tudi hal coupling type resonator and the

acoust,, Te/ffer hegenal Qe Bf the %ﬁhﬁﬁﬁ&%tm itllﬁe Lppaskd Bﬁnc?{ﬂ{m%%ﬁﬁ bEuEHfS eries

and a groun . The duplexer as clainmed in any of clains to 6,
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The dupl exer as In any o ai ns , Wnerein the delay |line or
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the r @&?ﬁn\ﬁethé hih-fsonance frequency of the acoustic wave resonator 85 is set in the receive band.
Further, the resonance frequency of the acoustic wave resonator 89 is set in the transmit band.
Thus, the signal having passed through the cancel circuit 40c has approximately the same
amplitude as the isolation signal and the phase of the signal having passed through the cancel
circuit 40c gets closer to approximately opposite phase with respect to the isolation signal in the
transmit band and the receive band. Therefore, the isolation characteristic of the duplexer can
be more improved.
[0094] In the modified embodiment of the third embodiment, the duplexer may have the
receive band lower than the transmit band. In this case, the transmit filter is structured by the
ladder type acoustic wave filter, and the resonance frequency of the acoustic wave resonator that
is included in the cancel circuit and is connected to the longitudinal coupling type acoustic wave
resonator in parallel is set in the receive band. Thus, the isolation characteristic in the receive
band can be more improved.
[0095] In the modified embodiment of the third embodiment, when the cancel circuit 40c is

connected between the receive terminal Rx and the antenna terminal Ant, not only the isolation

characteristic of the duplexer but also the attenuation characteristic of the receive filter 50 can be
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9. The duplexer as clained in any of clainms 1 to 7, wherein the delay line
or the longitudinal coupling type resonator is connected between the
transmt termnal and the antenna termnal in parallel with the transmt
filter. 10. The dupl exer as claimed in any of clains 1 to 7,
wherein the delay line or the longitudinal coupling type resonator is
connected between the receive termnal and the antenna termnal in parallel

with the receive filter. 11. The dupl exer as clained in any of
claims Ito 10, wherein a plurality of the delay |ines or the |ongitudinal
coupling type resonators are provided. 12. The dupl exer as clai nmed

in claim4 or 5 wherein the electrostatic capacitor connected in series is

structipbRfedY Bfat IsDlhM thb @itcePeirc@it iEhREotedlid -parkile] WidDAQXRE ortofeheal med in
claim6, wherein the electrostatic capacitor connected in parallel is

struckpfede Qﬁv@fésé@%r&"&tw&%ﬁl g@her 18848 fpRlacoustic wave reddhatol Haid WhteSon@hiceas

cl ai med |n claim®6, wherein at |east ‘one of or all of either the delay line

or th ?re P'ﬁll'e @@éusﬁ@ Uald REodYR ohRERAM Mralld WifhGhe fohSitRGRY 8ddptinpay e
resonat the el ectrostatic capacitor connected in Series, and either

the aﬁ%ésakb&tl\é@é@e FRSRAROIn BE s rﬁﬂ?es?éd%h& o5 ldide &W%&&hcf@ﬂﬂ@%@& in

par al I's provided on a transmt filter chip and a receive filter chip.

15. TheQuplseX Slav@fing! fk TR ialof ik Beisti ¥ BEME Filter can be improved.

[0096] In the modified embodiment of the third embodiment, a plurality of acoustic wave
resonators may be connected in parallel wit the longitudinal coupling type acoustic wave
resonator 46, and a resonance frequency of at least one of the plurality of acoustic wave
resonators may be set in the transmit band. The acoustic wave resonator, of which resonance
frequency is set in the transmit band, connected in parallel with the longitudinal coupling type
acoustic wave resonator 46 may be connected to one of the input side and the output side, or both
of the input side and the output side of the longitudinal coupling type acoustic wave resonator
46.

[0097] In the third embodiment and the modified embodiment of the third embodiment, an
electrostatic capacitor or an acoustic wave resonator may be connected in series with the
longitudinal coupling type acoustic wave resonator 46 in order to suppress the signal amount
flowing into the cancel circuit, as well as the first embodiment. The longitudinal coupling type
acoustic wave resonator 46 may be an acoustic wave delay line. Further, the cancel circuits 40b
and 40c may be connected as in the case of FIG. 17A through FIG. 17D of the first embodiment.
Further, the resonator in the filter may be the love wave resonator, the boundary acoustic wave
resonator or the piezoelectric thin film resonator as described with reference to FIG. 8C through
FIG. 9B, other than the surface acoustic wave resonator.

[0098] In the third embodiment and the modified embodiment of the third embodiment, the
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an acoustic wave resonator or an electrostatic capacitor of the acoustic
wave resonators or the electrostatic capacitors connected in series

provi ded on the side of the transmt terminal is provided on a transmt
filter chip; an acoustic wave resonator or an electrostatic
capacitor of the acoustic wave resonators or the electrostatic capacitors
connected in series provided on the side of the receive termnal is

provi ded on a receive filter chip; and the delay line or the
| ongi tudi nal coupling type resonator is provided on the transmt filter
chip or the receive filter chinp. 16. The dupl exer as clained in

claim4 or 5, wherein: the transmt filter and the receive filter are a

Filt equplagdrsieivagihd Bafa il @F tHeSR ATA sysiBAGE which transidlit bk 11970 MABT > 1. 138
X ?Leap” is obtained when a pitch of electrode fingers of a series
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resonators connected in parallel with the delay |ine or the | ongitudinal

coupl bR@r HYRSkeFERA MR Rher ARikE 65hds An® BeLfecdiNEbankt #RS Belusdd, | IFeF exdifhid he
receive filter having a pass band frequency hi gher than that of the other

i's " Aglddlplex8RGA Rivk&inQhe RbAEARRHAS: PCIGEIR (Rilukbh§sRALMSH ki WAV thesonat or
connected in series is ' cap
first embodiment and the second embodiment.
{0099] When the signal having passed through the cancel circuit cancels the isolation signal,
and the amplitude characteristic and the phase characteristic of the isolation signal drastically
change in the transmit band and/or the receive band in the cases of the first embodiment through
the third embodiment, it is preferable that the cancel circuit has a longitudinal coupling type
acoustic wave resonator or a delay line.
[Fourth Embodiment]
[0100] A fourth embodiment is an example of a communication module having any of the
duplexers of the first embodiment through the third embodiment. FIG. 36 illustrates a block
diagram of a communication module in accordance with the fourth embodiment.  As illustrated
in FIG. 36, the communication module has an antenna 92, an antenna switch 94, a duplexer bank
96 and an amplifier module 98. The communication module is an RF module for a mobile
phone and covers a plurality of communication systems such as a GSM (registered trademark)
{(Global System for Mobile Communication) system or the W-CDMA system. With respect to
the GSM system, the communication module covers 850 MHz band (GSM 850}, 900 MH?z band
(GSM 900}, 1800 MHz band (GSM 1800), and 1900 MHz band (GSM 1900). The antenna 92
is capable of transmitting and receiving a transmit signal and a receive signal of the GSM system

and the W-CDMA system.

[0101] The duplexer bank 96 includes a plurality of duplexers 96a through 96¢. Each of
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17. Afilter conprising: a plurality of acoustic wave resonators
connected between an input term nal and an output term nal; and a
delay line or a longitudinal coupling type resonator that is connected in
parallel with at |east one of the plurality of acoustic wave resonators and
has at |least two IDTs (Interdigital Transducers). 18. The filter as
claimed in claim17 further conprising a first acoustic wave resonator that
is provided at | east one of on an input side and on an output side of the
delay line or the longitudinal coupling type resonator and is connected in
series with the delay line or the |ongitudinal coupling type resonator,
wherein: the plurality of acoustic wave resonators connected between the

i nput ieefuRleRads 98 thré A 98U LS 5@&@1@@&@&1{@%@&@ dsteatidemhd yienrhi | ter; and
an anti-resonance frequency of the first acoustic wave resonator is in a

SUPPr egR&H0 PN (O DIALORREriRS LEHBAGY catiod 8yRém s thagredlity ¥Pupidkiser .
19. The filter as clainmed in tclaim 17 furt%er conpri sing a second acoustic

wave EesRatPhe tdhﬁt‘:xér%aﬂf %’é&gﬂi@tto AR R8ca8bn Skt fdr RRMmigind@ndnd on an
out put side of the delay |ine or the |ongitudinal coupling type resonator

and i $..eRAELHSAL AR PArRLL &le sMebBd iBRcALLAY thelah®nR 94 h&ach duplexer is

connected to the amplifier module 98. The amplifier module 98 amplifies a signal received by
the receive filter of the duplexers 96a through 96¢ and outputs the amplified signal to a
processing unit.  The amplifier module 98 amplifies a signal generated by the processing unit
and outputs the amplified signal to the transmit filter of the duplexers 96a through 96c.

[0102] At least one of the duplexers 96a through 96¢ is a duplexer of the first embodiment
through the third embodiment. It is therefore possible provide a communication module in
which the isolation characteristic of the duplexer is improved without increasing of the insertion
loss. The communication module may be mounted on an electronic device such as a wireless
LAN (Local Area Network), a personal computer, or a PDA (Personal Digital Assistant).

[0103] In the fourth embodiment, the communication module of the first embodiment
through the third embodiment is described. However, a communication module having a filter
including a cancel circuit connected in parallel with at least one of acoustic Wavé resonators. In
this case, it is possible to provide a communication module in which attenuation characteristic of
a filter is improved, without increasing of the insertion loss.

[0104] The present invention is not limited to.the specifically described embodiments, but
other embodiments and variations may be made without departing from the scope of the claimed

invention.
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| ongi tudi nal coupling type resonator, wherein: the plurality of acoustic
wave resonators connected between the input term nal and the out put

termnal structure a | adder type filter; and a resonance frequency
of the second acoustic wave resonator is in a suppressed band on a | ower
frequency side of the | adder type filter. 20. The filter as clained

in any of clainms 17 to 19 further conprising an acoustic wave resonator or
an electrostatic capacitor that is provided at | east one of on an input
side and on an output side of the delay line or the |ongitudinal coupling
type resonator and is connected in series with the delay line or the

| ongi tudi nal coupling type resonator. 21. The filter as clained in
cl ai m2Qf44r t her conprising an acoustic wave resonator or an electrostatic
capacitor connected in parallel with the delay line or the |ongitudinal

couplvﬂgtk%mgm@gﬁpnator bet ween a node between the delay line or the

| ongi tudi nal coupling type resonator and the acoustic wave resonator or the
el ectrostatic capacitor connected in series and a ground. 22. A
comuni cati on nodul e conprising: the duplexer as clainmed in any of clains 1

to 16 or th?.fkkﬁﬁkxé%oﬁkﬁﬁﬁgd in any of clains
a transmit filter that is connected between an antenna terminal and a transmit terminal
and has a plurality of acoustic wave resonators;
a receive filter that is connected between the antenna terminal and a receive terminal
and has a plurality of acoustic wave resonators; and
a delay line or a longitudinal coupling type resonator that is connected in parallel with at
Jeast one of the plurality of acoustic wave resenators of the transmit filter and the plurality of

acoustic wave resonators of the receive filter and has at least two IDTs (Interdigital Transducers).

2. The duplexer as claimed in claim 1 further comprising a first acoustic wave
resonator that is provided at least one of on an input side and on an output side of the delay line
or the longitudinal coupling type resenatot and is connected in series with the delay line or the

longitudinal coupling type acoustic wave resonator,

wherein:
one of the transmit filter and the receive filter having a pass band frequency lower than

that of the other is a ladder type filter; and
an anti-resonance frequency of the first acoustic wave resonator is in a pass band of one

of the transmit filter and the receive filter having a pass band frequency higher than that of the

other.

3. The duplexer as claimed in claim lor 2 further comprising a second acoustic wave
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17 to 21.

resonator that is provided at least one of on an input side and on an output side of the delay line
or the longitudinal coupling type resonator and is connected in parallel with the delay line or the

longitudinal coupling type acoustic wave resonator,

wherein:
one of the transmit filter and the receive filter having a pass band frequency higher than

that of the other is a ladder type filter; and

a resonance frequency of the second acoustic wave resonator is in a pass band of one of

the transmit filter and the receive filter having a pass band frequency lower than that of the other.

4. The duplexer as claimed in any of claims 1 to 3 further comprising an acoustic
wave resonator or an electrostatic capacitor that is provided at least one of on an input side and
on an output side of the delay line or the longitudinal coupling type resonator and is connected in

series with the delay line or the longitudinal coupling type resonator.

5. The duplexer as claimed in claim 4 wherein the acoustic wave resonator or the
electrostatic capacitor is provided both of on the input side and on the output side of the delay
line or the longitudinal coupling type resonator and is connected in series with the delay line or

the longitudinal coupling type resonator.

6. The duplexer as claimed in claim 4 or 5 further comprising an acoustic wave
resonator or an electrostatic capacitor connected in parallel with the delay line or the longitudinal
coupling type resonator between a node between the delay line or the longitudinal coupling type
resonator and the acoustic wave resonator or the electrostatic capacitor connected in series and a

ground.
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7. The duplexer as claimed in any of claims 1 to 6, wherein the longitudinal coupling

type resonator has three IDTs.

8. The duplexer as claimed in any of claims 1 to 7, wherein the delay line or the
longitudinal coupling type resonator is connected between the transmit terminal and the receive

terminal in parallel with the transmit filter and the receive filter.

9. The duplexer as claimed in any of claims 1 to 7, wherein the delay line or the
longitudinal coupling type resonator is connected between the transmit terminal and the antenna

terminal in parallel with the transmit filter.

10. The duplexer as claimed in any of claims 1 to 7, wherein the delay line or the
longitudinal coupling type resonator is connected between the receive terminal and the antenna

terminal in parallel with the receive filter.

11. The duplexer as claimed in any of claims I to 10, wherein a plurality of the delay

lines or the longitudinal coupling type resonators are provided.

12. The duplexer as claimed in claim 4 or 5, wherein the electrostatic capacitor

connected in series is structured by an IDT without a reflector.

13. The duplexer as claimed in claim 6, wherein the electrostatic capacitor connected
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in parallel is structured by an [D'T without a reflector.

- 14.  The duplexer as claimed in claim 6, wherein at least one of or all of either the
delay line or the longitudinal coupling type resonator, either the acoustic wave resonator or the
electrostatic capacitor connected in series, and either the acoustic wave resonator or the
electrostatic capacitor connected in parallel is provided on a transmit filter chip and a receive

filter chip.

15. The duplexer as claimed in claim 5, wherein:

an acoustic wave resonator or an electrostatic capacitor of the acoustic wave resonators
or the electrostatic capacitors connected in series provided on the side of the transmit terminal is
provided on a transmit filter chip;

an acoustic wave resonator or an electrostatic capacitor of the acoustic wave resonators
or the electrostatic capacitors connected in series provided on the side of the receive terminal is
provided on a receive filter chip; and

the delay line or the longitudinal coupling type resonator is provided on the transmit

filter chip or the receive filter chip.

16. The duplexer as claimed in claim 4 or 5, wherein:

the transmit filter and the receive filter are a filter including a series resonator; and

arelation “Apr > 1.138 X heqy” is obtained when a pitch of electrode fingers of a series
resonator having the largest pitch of electrode fingers in the series resonators connected in

parallel with the delay line or the longitudinal coupling type resonator included in one of the
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transmit filter and the receive filter having a pass band frequency higher than that of the other is

“Mupr”, and a pitch of electrode fingers of the acoustic wave resonator connected in series is
£

“lcap”.

17. A filter comprising:

a plurality of acoustic wave resonators connected between an input terminal and an
output terminal; and

a delay line or a Jongitudinal coupling type resonator that is connected in parallel with at
least one of the plurality of acoustic wave resonators and has at least two IDTs (Interdigital

Transducers).

18. The filter as claimed in claim 17 further comprising a first acoustic wave resonator
that is provided at least one of on an input side and on an output side of the delay line or the
longitudinal coupling type resonator and is connected in series with the delay line or the

longitudinal coupling type resonator,

wherein:
the plurality of acoustic wave resonators connected between the input terminal and the

output terminal structure a ladder type filter; and

an anti-resonance frequency of the first acoustic wave resonator is in a suppressed band

on a higher frequency side of the ladder type filter.

19. The filter as claimed in claim 17 further comprising a second acoustic wave
resonator that is provided at least one of on an input side and on an output side of the delay line

or the longitudinal coupling type resonator and is connected in parallel with the delay line or the
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longitudinal coupling type resonator,

wherein:
the plurality of acoustic wave resonators connected between the input terminal and the

output terminal structure a ladder type filter; and

a resonance frequency of the second acoustic wave resonator is in a suppressed band on

a lower frequency side of the ladder type filter.

20. The filter as claimed in any of claims 17 to 19 further comprising an acoustic
wave resonator or an electrostatic capacitor that is provided at least one of on an input side and
on an output side of the delay line or the longitudinal coupling type resonator and is connected in

series with the delay line or the longitudinal coupling type resonator.

21. The filter as claimed in claim 20 further comprising an acoustic wave resonator or
an electrostatic capacitor connected in parallel with the delay line or the longitudinal coupling
type resonator between a node between the delay line or the longitudinal coupling type resonator

and the acoustic wave resonator or the electrostatic capacitor connected in series and a ground.

22. A communication module comprising:

the duplexer as claimed in any of claims 1 to 16 or the filter as claimed in any of claims

17 to 21.
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