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SPECTFICATION
TITLE OF THE INVENTION

FILTER, DUPLEXER, AND COMMUNICATION MODULE

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

communication module.

Background

[0002] Frequency bands for wircless communications have rapidly increased with diffusion
of mobile phones in recent years. To use limited frequency resources effectively, a frequency
interval (guard band) between a transmission band and a reception band assigned to a
communication system becomes smaller. Moreover, a frequency interval between different
communication systems also becomes smaller.

[0003] Such a circumstance requires a filter and a duplexer used in a wireless
communication device such as a mobile phone terminal to reduce frequencies for switching from
a pass band to a blocking band. That is to say, a filter and a duplexer are desired to have a steep
cutoff characteristic. When an acoustic wave resonator is used for a filter or duplexer, a cutoff
characteristic can be made steep by making an electromechanical coupling coefficient small as
disclosed in Japanese Patent Application Publication No. 2002-319842. Moreover, a degree of
suppression in a blocking band of the filter or duplexer is required to be high to prevent
interference between a transmission signal and a reception signal, or interference between

different communication systems.,



of nobile phones in recent years. To use limted frequency resources
effectively, a frequency interval (guard band) between a transm ssion band
and a reception band assigned to a comruni cati on system becones snall er.
Mor eover, a frequency interval between different comrunication systens al so
becones snaller. [0003] Such a circunstance requires a filter and a dupl exer
used in a wireless comuni cati on device such as a nobile phone termnal to
reduce frequencies for switching froma pass band to a bl ocking band. That
is to say, a filter and a duplexer are desired to have a steep cutoff
characteristic. Wien an acoustic wave resonator is used for a filter or
dupl exer, a cutoff characteristic can be nade steep by nmaking an

el ect 000G handzh af actusiihgacoesdnanr &ised farlalfil@s odupldxes edutoff Japanese

Pat ent Application Publication No. 2002-319842. Moreover, a degree of

suppr eishaabridtiz can bt 6elé Reeptandalahg ihéedtionieehanddal cliplieX edeffiGentemuilr ed to be
high to prevent interference between a transm ssion signal and a reception
si gnalHovver, e i QRAEST REANWRMD thaf £ SIsSHnd COIRBBEHRIsIN@R0W YIS b @IBIT

[ 0004] When an acoustic wave resonator is used for a filter or duplexer, a
cut of fchghakdgictet SrhésGtdepnde JdechsiRRBistYis MRiitulgtodR dectcepmRahani cal
coupling coefficient small. However, there is a tradeoff relationship that
a pasghangdinethd pRACEATRGIRAT [PWdRPnAa Betr& df SOPRERTINGH b DldcRinB®aRIB SN 81 eep,
and a cutoff characteristic is difficult to be nade steep wth maintaining

t he pasabanetlatoditip with aaskdiid b BibsbamdIQarieR dfficeM RPInPsSieqRe ddkreét 11 ocki ng band
isin a tradeoff relationship with a loss in a passband, and it is

di ffi GUbdredsfoni iHRHVSKEN A8 WU fre SHRIMABGEAB il Bsd iRendpRGahAg band with
suppressing an increase in loss i'n the passband. SUMVARY OF THE | NVENTI ON

[ 0005] According to an aspect of the present invention, there is provided a
filter including: :

SUMMARY OF THE INVENTION

[0005] According to an aspect of the present invention, there is provided a filter including:
acoustic wave resonators connected between an input terminal and an output terminal; and a
cancel circuit including an input connection portion and an output connection portion connected
so that the cancel circuit is connected in parallel to at least a part of the acoustic wave resonators,
wherein the cancel circuit includes a first acoustic wave resonator connected between a node
between the input connection portion and the output connection portion and a ground.

[0006] According to énother aspect of the present invention, there is provided a duplexer
including: a first filter that is connected between an antenna terminal and a first terminal and
includes acoustic wave resonators; a second filter that is connected between the antenna terminal
and a second terminal, includes acoustic wave resonators, and has a passband higher than a
passband of the first filter; and a cancel circuit that includes an input connection portion and an
output connection portion connected so that the cancel circuit is connected in parallel to at least a
part of the acoustic wave resonators included in the first filter or to at least a part of the acoustic

wave resonators included in the second filter, wherein the cancel circuit includes a first acoustic



acoustic wave resonators connected between an input term nal and an out put
termnal; and a cancel circuit including an input connection portion and an
out put connection portion connected so that the cancel circuit is connected
in parallel to at |least a part of the acoustic wave resonators, wherein the
cancel circuit includes a first acoustic wave resonator connected between a
node between the i nput connection portion and the output connection portion
and a ground. [0006] According to anot her aspect of the present invention,
there is provided a duplexer including: a first filter that is connected
bet ween an antenna termnal and a first termnal and includes acoustic wave
resonators; a second filter that is connected between the antenna term nal

and a vaes aRandter dnidied icactandampdabausti the\Wapue cormscivatpoiiton dad dhdmsma
passband hi gher than a passband of the first filter; and a cancel circuit

t hat icBgAddl@sp@tion BRLE ge@mnect i on portion and an output connection portion
connected so that the cancel circuit is connected in parallel to at |east a

part ofod7ne ageuling tw\@iteher aSRAAI MhSprodeat dedionthbdegs piovied &i I ter or to at
| east a part of the acoustic wave resonators included in the second filter,

wher eicBmhiificeanefbd@lk itUidind M6 hbtdedestribed Hlteraf AtsSdbote dovaniedrRsRREL OF
connected between a node between the input connection portion and the

out put connection portion and a ground. [0007] According to anot her aspect
of the present invention, there is provided a conmuni cati on nodul e

i ncl udi ng the above depgmbpdstrRIFEONOEUME PRAYENIBSCr i bed dupl exer. BRI EF
DESCRI PTI ON OF THE DRAW NGS

[0008] FIG. 1 is a circuit diagram illustrating a ladder-type filter;

FIG. 2 is a circuit diagram illustrating a multimode type filter;

FIG. 3 is a circuit diagram illustrating a filter formed by combining a ladder-type filter
and a multimode type filter;

FIG. 4 is a circuit diagram illustrating a filter formed by combining a multimode type
filter and acoustic wave resonators;

FIG. 5A is a plan view illustrating a surface acoustic wave resonator, FIG. 5B is a
cross-sectional view taken along line A-A in FIG. 5A, FIG. 5C is a cross-sectional view of a Love
wave resonator, and FIG. 5D is a cross-sectional view of a boundary acoustic wave resonator;

FIG. 6A is a plan view illustrating a piezoelectric thin film resonator, and FIG 6B is a
cross-sectional view taken along line A-A in FIG. 6A;

FIG. 7A is a plan view of a multimode type filter using a surface acoustic wave
resonator, a Love wave resonator, or a boundary acoustic wave resonator, and FIG. 7B is a
cross-sectional view of a multimode type filter using a piezoelectric thin film resonator;

FIG. 8A is a circuit diagram of a duplexer in accordance with a first comparative
example, FIG. 8B illustrates simulation results of pass amplitude characteristics of a transmission

filter and a reception filter, and FIG. 8C illustrates simulation results of a pass phase
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[OO08]FIG 1 is acircuit diagramillustrating a |adder-type filter; FIG 2
is acircuit diagramillustrating a nmultinode type filter; FIG 3 1is
a circuit diagramillustrating a filter fornmed by conbining a | adder-type
filter and a nmultinode type filter; FIG 4 is a circuit diagram
illustrating a filter fornmed by conbining a nultinode type filter and
acousti c wave resonators; FIG 5Ais a plan viewillustrating a
surface acoustic wave resonator, FIG 5B is a cross-sectional view taken
along line AAin FIG 5A, FIG 5Cis a cross-sectional view of a Love wave
resonator, and FIG 5D is a cross-sectional view of a boundary acoustic

wave resonator; FIG 6Ais a plan viewillustrating a piezoelectric
thin fdhhmvtegsnaEtior ecaption Bltéx; 6B is a cross-sectional view taken along |line
A-Ain FIG B6A FIG 7A is a plan view of a multinode type filter

using a sur fFaG.e e augtiicdwavde illesanag atancal divue, MaVEB ilksenead Gmyladen a
boundary acoustic wave resonator, and FIG 7B is a cross-sectional view of

a nul trbgime of 4y @eplitidd Garadekivge & H¥igabehrafittddahidigh teidamel EifRNPAIEIG,
FIG 8Ais a circuit diagramof a duplexer in accordance with a first

conpargg il vsiratesasiRtlaiotlesalts@B aiphhdéshsiatiesstikt mul ati on results of pass
anplitude characteristics of a transmssion filter and a reception filter,
and FI G 8Crid1ealis atReuitdifkth@lof @@uplesdt!it SccofdafePRRE a PiRASMbodiment, and

FIG. 10B illustrates simulation results of pass amplitude characteristics of a transmission filter

and a reception filter;

FIG. 11A through FIG. 11E are circuit diagrams illustrating first through sixth variations
of a cancel circuit;

FIG. 12A is a circuit diagram of a duplexer in accordance with a first variation of the
first embodiment, FIG. 12B is a plan view of a first acoustic wave resonator, and FIG. 12C
illustrates simulation results of pass amplitude characteristics of a transmission filter and a
reception filter;

FIG. 13A and FIG. 13B are diagrams illustrating connection examples of the cancel
circuit;

FIG. 14A illustrates simulation results of the pass amplitude characteristics of the
transmission filter and the reception filter in the duplexer of the first comparative example, and
FIG. 14B illustrates simulation results of a pass phase characteristic of the transmission filter in
the duplexer of the first comparative example;

FIG. 15A is a circuit diagram illustrating a cancel circuit, FIG. 15B illustrates simulation
results of an amplitude characteristic of a signal transmitted through the cancel circuit, and FIG.

15C illustrates simulation results of a phase characteristic;

FIG. 16A is a circuit diagram of a duplexer in accordance with a second embodiment,



characteristic of the reception filter; FIG 9Ais acircuit

diagramillustrating a cancel circuit, FIG 9B illustrates simulation
results of an anplitude characteristic of a signal transmtted through the
cancel circuit, and FIG 9C illustrates simnmulation results of a phase
characteristic; FIG 10A is a circuit diagramof a duplexer in
accordance wth a first enbodinent, and FIG 10B illustrates sinul ation
results of pass anplitude characteristics of a transmssion filter and a
reception filter; FIG 11A through FIG 11E are circuit diagrans

illustrating first through sixth variations of a cancel circuit;
FIG 12A is a circuit diagram of a duplexer in accordance with a first
var i atiionl 68 illubreatdsi sirgiilatsr@sh et assfabdplinili2 Bharscterigoc aof asiramsmddsioa filter St
acoustic wave resonator, and FIG 12C illustrates sinulation results of
pass amphirtdegorchipgract eristics of a transmssion filter and a reception
filter; FIG 13A and FIG 13B are diagrans illustrating connection exanpl es
of the cancefGCI7AGYh tircuit diagram illustrating another cancel circuit, FIG. 17B illustrates
simulation results of an amplitude characteristic of a signal transmitted through the cancel circuit,
and FIG. 17C illustrates simulation results of a phase characteristic;
FIG. 18A is a circuit diagram of a duplexer in accordance with a first variation of the
second embodiment, and FIG. 18B illustrates simulation results of pass amplitude characteristics
of a transmission filter and a reception filter;
FIG. 19 is a diagram illustrating the duplexer of the second embodiment to which the
cancel circuit of the first embodiment is connected;
FIG. 20A is a circuit diagram illustrating a cancel circuit, FIG. 20B illustrates simulation
results of an amplitude characteristic of a signal transmitted through the cancel circuit, and FIG
20C illustrates simulation results of a phase characteristic;
FIG. 21A is a circuit diagram of a duplexer in accordance with a third embodiment, and
FIG. 21B illustrates simulation results of pass amplitude characteristics of a transmission filter
and a reception filter;
FIG. 22A is a diagram illustrating the duplexer of the third embodiment to which the
cancel circuit of the first embodiment is connected, and FIG 22B is a diagram in which the
cancel circuit of the second embodiment is additionally connected,;
FIG. 23A is a circuit diagram of a duplexer in accordance with a second comparative
example, and FIG. 23B is a circuit diagram of a duplexer in accordance with a fourth

embodiment;

FIG. 24 is a plan view of a transmission filter chip of the second comparative example



FIG 14A illustrates sinulation results of the pass anplitude
characteristics of the transm ssion filter and the reception filter in the
dupl exer of the first conparative exanple, and FIG 14B illustrates
sinmulation results of a pass phase characteristic of the transm ssion
filter in the duplexer of the first conparative exanpl e; FIG 15A
is acircuit diagramillustrating a cancel circuit, FIG 15B illustrates
simulation results of an anplitude characteristic of a signal transmtted
t hrough the cancel circuit, and FIG 15C illustrates sinulation results of
a phase characteristic; FIG 16A is a circuit diagramof a duplexer in
accordance wth a second enbodinent, FIG 16B illustrates sinulation
resul tos thf fopdis smbsfhedttide characteristics of a transmssion filter and a
reception filter; FIG17A is a circuit diagramillustrati ng another

cancel circid, 25l plkiBidw biusictaition fisglentHimnbdf tha sécosdibddppitiverxanplej t ude
characteristic of a signal transmtted through the cancel circuit, and FI G

17C i lzh8 $16.3858Ss & bl vadw 6 fesptioh $iltef ctap phias GovethandotiRidnst | C; FI G
18A is a circuit diagramof a duplexer in accordance with a first variation

of the secomGewaariolBNriG. ahd afe {fan Vi8Bs bl 4 tattl@kRY sabdMateadn wolficli #gul t s of
pass anplitude characteristics of a transmssion filter and a reception

filtensansmission fiftbiGhipléhdithe FecEhtR@ITARY bhip WS theduplgertofehetlupd®mpaiativdie second
enbodi ment to which the cancel circuit of the first enbodinent is
Connefékﬁl%le or the fourth embodiment are mounted;
FIG. 27 is an exploded perspective view illustrating a package;
FIG. 28A illustrates measurement results of filter characteristics of the duplexer s of
the second comparative example and the fourth embodiment, and FIG. 28B illustrates
measurement results of isolation characteristics; and

FIG. 29 is a block diagram illustrating a communication module in accordance with a

fifth embodiment.

DETAILED DESCRIPTION
[0009] A description will be given of a filter using an acoustic wave resonator, the filter
being used for a filter or duplexer used in a wireless communication device such as a mobile
phone terminal. FIG. 1 is a circuit diagram illustrating a ladder-type filter. ~ As illustrated in
FIG. 1, a ladder-type filter 1 includes acoustic wave resonators S1 through S3 connected in series
and acoustic wave resonators P1 and P2 connected in parallel between an input terminal Tin and
an output terminal Tout.
[0010] FIG. 2 is a circuit diagram illustrating a multimode type filter.  As illustrated in FIG.
2, a multimode type filter 2 includes acoustic wave resonators R1 through R3.  The acoustic

wave resonators R1 through R3 are arranged in a propagation direction of an acoustic wave. A



FIG 20Ais a circuit diagramillustrating a cancel circuit, FIG 20B
Illustrates sinmulation results of an anplitude characteristic of a signal
transmtted through the cancel circuit, and FIG 20C illustrates sinulation
results of a phase characteristic; FIG 21Ais a circuit diagram of
a dupl exer in accordance with a third enbodinment, and FIG 21B illustrates
sinmulation results of pass anplitude characteristics of a transm ssion
filter and a reception filter; FIG 22A is a diagramillustrating

t he dupl exer of the third enbodi nent to which the cancel circuit of the
first enbodiment is connected, and FIG 22B is a diagramin which the
cancel circuit of the second enbodinent is additionally connected;

FI G Z834 dng ofitheiacoustit wavagsamaR2sis doyplakerthd mpaceatinkd Tae and & becand ebnd
conparative exanple, and FIG 23B is a circuit diagramof a duplexer in

accor dapapladitha geoun@ur Fitst @ drostitheatousticl ave2ésohsios Rill #d R4 wicafplal to the
transm ssion filter chip of the second conparative exanple or the fourth

enbodigugsik terminal Tout Finsecddd ehds e Pordbetwd 3w abugd.r eception filter chip of
t he second conparative exanple, and FIG 25B is a plan view of a reception
filterjpehiip of1d Bes & erdulittigiRA s Rfing a filter formed by combining a ladder-type

filter and a multimode type filter. As illustrated in FIG. 3, the ladder-type filter 1 and the

multimode type filter 2 are connected in series between the input terminal Tin and the output

terminal Tout.

[0012] FIG. 4 is a circuit diagram illustrating a filter formed by combining a multimode type

filter and acoustic wave resonators. As illustrated in FIG. 4, a resonator S and the multimode

type filter 2 are connected in series and a resonator P is connected in parallel between the input

terminal Tin and the output terminal Tout.

[0013] Any one of the filters described in FIG. 1 through FIG. 4 can be used as a filter used

in a wireless communication device such as a mobile phone terminal, or a transmission filter and

a reception filter in a duplexer used in a wireless communication device such as a mobile phone

terminal.

[0014] A description will now be given of an acoustic wave resonator used in a filter. FIG.

5A is a plan view illustrating a surface acoustic wave resonator, and FIG. 5B is a cross-sectional

view taken along line A-A in FIG. 5A. FIG. 5C is a cross-sectional view of a Love wave

resonator, and FIG. 5D is a cross-sectional view of a boundary acoustic wave resonator.  As

illustrated in FIG. 5A and FIG. 5B, a metal film 4 such as aluminum or copper is formed on a

piezoelectric substrate 3 such as lithium tantalate or lithium niobate. The metal film 4 forms

reflectors RO, an IDT (Interdigital Transducer) IDTO, the input terminal Tin, and the output

terminal Tout. The IDTO includes two comb-shaped electrodes 5.  The input terminal Tin is



FIG 26A through FIG 26C are plan views of a nmultilayered substrate on

whi ch the transmssion filter chip and the reception filter chip of the
dupl exer of the second conparative exanple or the fourth enbodi nment are
nounted; FIG 27 is an expl oded perspective view illustrating a package;
FIG 28A illustrates neasurenent results of filter characteristics of the
dupl exer s of the second conparative exanple and the fourth enbodi nent, and
FIG 28B illustrates neasurenent results of isolation characteristics; and
FIG 29 is a block diagramillustrating a conmunication nodule in
accordance with a fifth enbodi ment. DETAI LED DESCRI PTI ON [ 0009] A
description will be given of a filter using an acoustic wave resonator, the

filtercohpiento sigesdt thedfonib-fHabédele@iodeiflatX e dugd teinal Tout & ®@apled amimni cat i on
device such as a nobile phone termnal. FIG 1 is a circuit diagram

| 11 ustdipdrione. arheidp@rerting Thi drfdehe oButitbdniisdl Tatede palsFbGxahplea [Taelder - type
filter 1 includes acoustic wave resonators Si through S3 connected in

Ser i eseAfdora ROUSY loBatv@MeolLS @8kl eI DRD in ik (P3peaiiedieedod of thasub® bet ween
an input terminal Tin and an output termnal Tout. [0010]FIG 2 is a

E : rG CUi vl aghaBrhb-skipkd alebitied s B theotlRtdry RE ifdlde@lectréde fildetiShfaagedd in
at an interval corresponding to the wavelength X of the acoustic wave. The reflectors RO reflect
the acoustic wave excited by the IDT0. This allows the surface acoustic wave resonator to
resonate at a frequency corresponding to the wavelength A of the acoustic wave.

[0015] The plan views of the Love wave resonator and the boundary acoustic wave
resonator are the same as FIG. 5A, and thus a description thereof is omitted. As illustrated in
FIG. 5C, the Love wave resonator includes a dielectric film 6 formed so as to cover the metal
film 4. The diclectric film 6 may be a silicon oxide film for example. As illustrated in FIG.
5D, the boundary acoustic wave resonator further includes a dielectric film 7 formed on the
dielectric film 6. The dielectric film 7 may be an aluminum oxide film for example. To
confine the acoustic wave in the dielectric film 6, an acoustic velocity in the dielectric film 7 is
preferably faster than that in the dielectric film 6.

[0016] FIG. 6A is a plan view illustrating a piezoelectric thin film resonator, and FIG. 6B is a
cross-sectional view taken along line A-A in FIG. 6A.  As illustrated in FIG. 6A and FIG. 6B, a
lower electrode 9, a piezoelectric film 10 such as aluminum nitride, and an upper electrode 11
are stacked on a substrate 8 such as silicon in this order from the substrate 8 side. A resonance
region 12 is a region in which the lower electrode 9 and the upper electrode 11 overlap each
other across the piezoelectric film 10.  The resonance region 12 resonates the acoustic wave that

is excited in the piezoelectric film 10 and propagates in a vertical direction (bulk wave in

thickness longitudinal vibration). A penet'ration hole 13 piercing through the substrate 8 is



2, anultinode type filter 2 includes acoustic wave resonators Rl through
R3. The acoustic wave resonators Rl through R3 are arranged in a
propagation direction of an acoustic wave. A first end of the acoustic
wave resonator R2 is coupled to the input termnal Tin, and a second end is
coupled to a ground. First ends of the acoustic wave resonators Rl and R3
are coupled to the output term nal Tout, and second ends are connected to a
ground. [0011]FIG 3 is a circuit diagramillustrating a filter forned by
conbining a | adder-type filter and a nultinode type filter. As illustrated
in FIG 3, the ladder-type filter 1 and the nultinode type filter 2 are
connected in series between the input termnal Tin and the output term nal

Tout . hRskZh FeGubdratess Bel6wvthdhictordhagegion ii2)| usbtead dfite perfeirhtictrholoryed by
conbining a nultinode type filter and acoustic wave resonators. As

i || ustdpah gshck al b&forthed By FaSQMA Oparofahdisibeeae 8] 4 domdshabyPald hbgbe 2 are
connected in series and a resonator P is connected in parallel between the

i nput hekdd Ralechithe ABGrdIL afihp Udwdrledird@ 9, o uh acdublBhkiyeed &l that he
filters described in FIG 1 through FIG 4 can be used as a filter used
reflects the acoustic wave may be formed.
[0017] At least one of the surface acoustic wave resonator, the Love wave resonator, the
boundary acoustic wave resonator, and the piezoelectric thin film resonator described in FIG. 5A
through FIG. 6B can be used for an acoustic wave resonator in the filters described in FIG. 1
through FIG. 4.
[0018] A detail description will now be given of a multimode type filter. FIG. 7Ais aplan
view of a multimode type filter using a surface acoustic wave resonator, a Love wave resonator,
or a boundary acoustic wave resonator, and FIG. 7B is a cross-sectional view of a multimode
type filter using a piezoelectric thin film resonator. ~ As illustrated in FIG. 7A, an IDT] through
an IDT?3 are arranged in the propagation direction of the acoustic wave between the reflectors RO.
A first comb-shaped electrode of the IDT?2 is coupled to the input terminal Tin.  First
comb-shaped electrodes of the IDT1 and IDT3 are coupled to the common output terminal Tout.
This configuration allows an unbalanced signal input to the input terminal Tin to be output from
the output terminal Tout as an unbalanced signal.
[0019] As illustrated in FIG. 7B, piezoelectric thin film resonators 14a through 14d are
stacked. FEach of them includes the piczoelectric film 10, and the lower electrode 9 and the
upper ¢lectrode 11 sandwiching the piezoelectric film 10. Dielectric films 15 are located
between the piezoelectric thin film resonators 14a and 14b, and between the piezoelectric thin

film resonators [4c and 14d. The upper electrode 11 of the piezoelectric thin film resonator 14a

is connected to a first output terminal Tout, and the upper electrode 11 of the piezoelectric thin



in a wreless conmunication device such as a nobile phone termnal, or a
transm ssion filter and a reception filter in a duplexer used in a wrel ess
comuni cati on device such as a nobile phone terminal. [0014] A descri ption
wi Il now be given of an acoustic wave resonator used in a filter. FIG b5A
is aplan viewillustrating a surface acoustic wave resonator, and FIG 5B
is a cross-sectional view taken along line AAAin FIG 5A FIG 5Cis a
cross-sectional view of a Love wave resonator, and FIG 5D is a
cross-sectional view of a boundary acoustic wave resonator. As illustrated
in FIG 5A and FIG 5B, a netal film4 such as alum num or copper is forned
on a piezoelectric substrate 3 such as lithiumtantalate or Iithium

ni obatfam rEamatiel &l isfcbhwbedd ik BEoné blhipat tomsinBPourn ThBTowdrricetrodefl dfathe
Transducer) IDTO, the input termnal Tin, and the output term nal Tout. The
| DTO igigdordesic e iR itosiaPe Mt el upeededtodd Meof thp plezb@éotidin lin i s
coupled to one of the conb-shaped el ectrodes 5, and the output term nal

Tout irgson@ePl £t @ kel bR M colitetet Apthe il trmalal Tinn ahelaidve out put
term nal Tout are pads for exanple. The reflectors RO are | ocated at both

si des @hfikhetidnGws An uliSalfHceP sigadl igut & the GiphoRrmeihall T tebOBpitEronate. The
conb-shaped el ectrodes 5 and the reflectors RO include el ectrode fingers

arrangﬁﬁn@&mﬁnmimﬁ@@ygbmggkﬂ@@ﬁgnding to the wavel ength k of the acoustic
wave. The reflectors RO reflect the acoustic wave excited by the IDTO This

al | owgobitg SUN AEENRAOHDE ibeM@YE: 4 RERBEARIstlOvA@580Ak6r, allode HaRAUENCY
corresponding to the wavel ength of the acoustic wave. [0015] The pl an

Vi ews 0fonhid€ ok 9 BEuBMEAcHESRIANE hesBhslol R aRewasRIuIMERHE! ifpWavslafi@gonat or -
are the sane as FIG '5A, and thus a description thereof is omtted. As

i ustg@hRdindR il iinodeypd ﬁﬁeﬂ-lgm%lavﬁé’z%efe@@i@ﬂﬂh ®lm rQehMesndadd 4 ectric film

6 formed so as to covef the netal film4. The dielectric film®6 nmay be a

si | i comp@shda ifiu: Uhm'ian%&%mhﬁ: AS diddivsd savednd MultinBde e filkes hauadar y
acoustic wave resonator further includes a dielectric film7 formed on the

di el eClihbCofldnl b BanclRBuPL AR Haldncdd butput. MY be an al umi num oxide filmfor
exanpl e. To confine the acoustic wave 1 n the dielectric film®6, an acoustic

\éﬁlef)glc[s)?’{%f n . ;[ mrégril eg%iri%itﬁlérloicl;éﬂ fgf'&l??ﬁs*@%cﬁﬁql@ﬁt@ BaRlive Lty tfAtkd-h@lind e t he
: plan view illustrating a

pi ezoah&rlbpe ifd} festiibddif ¢f@nator, and FIG 6B is a
First Embodiment
[0022] A description will be given of a duplexer in accordance with a first comparative
example before a description of a duplexer in accordance with the first embodiment is given.
Duplexers described in the embodiments and comparative examples hereinafter are duplexers for
North American PCS (Personal Communication Service), of which the transmission band is 1850
to 1910 MHz, and the reception band is 1930 to 1990 MHz. FIG 8A is a circuit diagram of the
duplexer in accordance with the first comparative example, FIG. 8B illustrates simulation results
of pass amplitude characteristics of a transmission filter and a reception filter, and FIG. 8C
illustrates simulation results of a pass phase characteristic of the reception filter. ~ As illustrated

in FIG. 8A, the duplexer of the first comparative example includes a transmission filter 120

connected between an antenna terminal Ant and a transmission terminal Tx, a reception filter 121

10



cross-sectional view taken along line AAAin FIG 6A. As illustrated in FIG
6A and FIG 6B, a lower electrode 9, a piezoelectric film1l0 such as

alum numnitride, and an upper electrode 11 are stacked on a substrate 8
such as silicon in this order fromthe substrate 8 side. A resonance region
12 is aregion in which the I ower electrode 9 and the upper el ectrode 11
overlap each other across the piezoelectric film 10. The resonance region
12 resonates the acoustic wave that is excited in the piezoelectric film 10
and propagates in a vertical direction (bulk wave in thickness |ongitudinal
vi bration). A penetration hole 13 piercing through the substrate 8 is
formed in the substrate 8 bel ow the resonance region 12. Instead of the

penet rahh@fedRbwechIhe Bifcr@R @RMHPAL At dRlYa deeplion teadinaR £ &m0 vintgchandérduitof t he
substrate 8, a done-shaped space nmay be forned between the substrate 8 and

the | omer eheghfi@deidh filRE 12MaRC@E sdckpridikilter | 2y e eslidbi-dype tihak. refd ects the
acoustic wave may be forned. [0017] At | east one of the surface acoustic

wave resenatieh filtthE20LAMBdaYEes BSRARRECS 1 thidegPOLNRAINArAe PlsdratoryPMe
resonator, and the piezoelectric thin filmresonator described in FIG 5A

t hr oughrdGkioP1 8B PRNcRPtiss Aler 10 iRdluRS Qs ir€soM@YR SPe SiRB@dH0s24 dadipheliél | ter s
described”in FIG 1 through FIG 4. [0018] A detail description wll now be

gi ven @fondofibdli MRAsh PYPe THel h&EhingtitRuitA2iiscI@lcP bR hdubeML PEormedid t i Mode
type filter using a surface acoustic wave resonator, a Love wave resonator,

or a hRuRdanye AtOHatdrmiNEXR: dRSORBiRS.. and FIG 7B is a cross-sectiona
view of a nmultinode type filter using a piezoelectric thin filmresonator.

As il 1yg3qjat ey Brafdnfisid il 26 BldesicREPEIAss, out of signals input from the
transmission terminal Tx, signals within the transmission band to the antenna terminal Ant as
transmission signals, and to suppress signals within other frequency bands (e.g. reception band).
The reception filter 121 is designed to pass, out of signals input from the antenna terminal Ant,
signals within the reception band to the reception terminal Rx as reception signals, and to
suppress signals within other frequency bands (e.g. transmission band). The matching circuit
122 is a circuit that performs impedance matching to allow the transmission signal transmitted
through the transmission filter 120 not to leak to the reception filter 121 side and to be output
from the antenna terminal Ant.

[0024] FIG. 8B reveals that the steepness of a cutoff characteristic on a low frequency side
of a passband (reception band) of the reception filter 121 is unfavorable. In addition, FI1G. 8C
reveals that a pass phase greatly varies in a transition band (guard band) between the passband
(reception band) of the reception filter 121 and a blocking band on the low frequency side of the
passband of the reception filter 121 (transmission band).

[0025] The inventor investigates whether it is possible to form a signal path that has an
amplitude approximately equal to a pass amplitude of the reception filter 121 illustrated in FIG.

8B and a phase almost opposite to a pass phase of the reception filter 121 illustrated in FIG. 8C
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an IDI3 are arranged in the propagation direction of the acoustic wave
between the reflectors RO A first conb-shaped el ectrode of the IDT2 is
coupled to the input termnal Tin. First conb-shaped el ectrodes of the IDT1
and I DT3 are coupled to the common output term nal Tout. This configuration
al l ows an unbal anced signal input to the input termnal Tin to be output
fromthe output termnal Tout as an unbal anced signal. [0019]As illustrated
in FIG 7B, piezoelectric thin filmresonators 14a through 14d are stacked.
Each of themincludes the piezoelectric film10, and the | ower el ectrode 9
and the upper electrode 11 sandw ching the piezoelectric film 10.
Dielectric filnms 15 are | ocated between the piezoelectric thin film

r esonah @eSpuddicbantd 14D is eoglsb ettessovt escpber gt pathican bdionnéd, v sigmbnat or s
14c and 14d. The upper electrode 11 of the piezoelectric thin film

I eSoNgfaff adliéd@bétSeGOMB afleRth b@ninallAn ahd ltrgudptidreterminal RxTQ Wbnsidunel tohe upper

el ectrode 11 of the piezoelectric thin filmresonator 14d is connected to
a secQifkePUlitnHE rdeftiBnRahnalliate gubRFbdnaWeld slbeahé adeff ShadctdriRec ph @raelect ric
thin filmresonator 14b and the upper electrode 11 of the piezoelectric

thin fidgiedcosRRatrHe phdbard 6f tBe FREHRA Hlee 2T QAR stcRpd HoRhagtedfdrdtbes i nput
termnal Tin. The above configuration allows an unbal anced signal input to

t he i nthed! BhtRIiORkigdd] PathQh A PuRebdtully bdnemdsheidl IivingtBrafiplialdeTout as a
bal anced si gnal . [502 ]A mul'tinode type filter using a surface acoustic

vwave resRRahAtly edudt@YEpIRURDIIRAO DAL RiceptRh fAteP MRS ssdlinG stWpp&site
resonator can al so have an unbal anced i nput - bal anced out put, and a

mul ti (BY@adhGsd dflth&fecdption Gildr, RhEZ OB RGhAL Brmtdthd cdncbirpatieis ek togap have an
unbal anced i'nput - unbal anced output. As described above, the nultinode

type fildLLsc.g@n have either of an unbal anced output and a bal anced output.
[ 0021] Hereinafter, first through fifth enbodi nents descri be exenplary

dupl exgfss1usi Bee §li@ntor's investigation reveals that the above described cancel path can be
formed with an acoustic wave resonator. FIG. 9A is a circuit diagram illustrating a cancel
circuit, FIG. 9B illustrates simulation results of an amplitude characteristic of a signal transmitted
through the cancel circuit, and FIG. 9C illustrates simulation results of a phase characteristic. In
FIG. 9B and FIG. 9C, bold lines indicate the amplitude characteristic and the phase characteristic
of the signal transmitted through the cancel circuit, and, for comparison, thin lines indicate a pass
amplitude characteristic and a pass phase characteristic of the reception filter 121 included in the
duplexer of the first comparative example.  As illustrated in FIG. 9A, a cancel circuit 20
incfudes capacitors 23 and 24 connected in series between an input connection portion 21 and an
output connection portion 22, a first acoustic wave resonator 26 connected between a node 25,
which is between the capacitors 23 and 24, and a ground, and a capacitor 27 connected in
parallel to the first acoustic wave resonator 26.  The first acoustic wave resonator 26 may be the
surface acoustic wave resonator, the Love wave resonator, or the boundary acoustic wave
resonator illustrated in FIG. 5A through FIG. 5D, or the piezoelectric thin film resonator

illustrated in FIG. 6A and F1G. 6B.
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| adder-type filter described in FIG 1. First Enbodi ment [0022] A
description will be given of a duplexer in accordance with a first
conparati ve exanpl e before a description of a duplexer in accordance with
the first enmbodi ment is given. Duplexers described in the enbodi nents and
conparati ve exanples hereinafter are duplexers for North Anerican PCS
(Personal Communi cation Service), of which the transm ssion band is 1850 to
1910 MHz, and the reception band is 1930 to 1990 Miz. FIG 8A is a circuit
di agram of the duplexer in accordance with the first conparative exanpl e,
FIG 8B illustrates sinulation results of pass anplitude characteristics of
a transmssion filter and a reception filter, and FIG 8C illustrates

si mul qoexTp r egulabipliafde angpapbasplas sigadlamaghierd girowghahe tdneclcac@p?i cm Hei | ter .
As illustrated in FIG 8A, the duplexer of the first conparative exanple

i ncl udgRis@d b 3B&FOIBisd Dftsdriahtefieqi2floycan ne ahegesbeinee Goqanceattbafigst t er m nal

Ant and a transm ssion termnal Tx, a reception filter 121 connected

bet wegBolshle wané RRG@tdreG Maht iARsad bk first R8I WiVelrédoRatBads X a cafehl a
matching circuit 122. The transmi ssion filter 120 and the reception filter

121 angleliadeRing theRterfal IrhRiSttedi@ubl BleSehh@s titduiff 10l Hae€ anl 2Qplitndd udes series
resonators SlI| through S14 and parallel resonators P11 through P13. The

r eceptabﬁ@xfnildtél? bquk? o dndd pHAQSalmOkt c?ﬁosﬁt@&@ﬂl@%@éﬁth&%toffhh&bkg&is%ﬁnamzd
paral l el resonators P21 through P23. The matching circuit 122 includes an

I nductigy flebudn@ 8ige bethe PRISVARTONErc8dHiBN Midtek €MHk RApachYs 23864 24 gakuind.
[ 0023] The transm ssion filter 120 is designed to pass, out of signals input

from tifgibh@usmpRaiRe of flethftl cifohit 29I g ked WeteBl fedubEtht hRDEH oF Hiefgnapnd t o
the antenna terminal Ant as transm ssion signals, and to suppress signals

Wi t hi MQfiRehtd he AMRBENrRANYES (Be Eapatiff 2PtRBs B3 BADIitudDEhdrRESREE BFthE | ter
121 is designed to pass, out of signals input fromthe antenna term nal

At siRekshsitfidedicob AEmE e&RRE LiRNitDaMhidOhE BB pE BLBRLUBIT chAhdbmal othas
reception signals, and to suppress signals mn?hln ot her frequency bands

(€. 9. 15& MRS R oPARGhssbI o TR CRANGN ey ddjdstidg hSafb&ive&ikhe t hat
perfornms i npedance matching to allow the transm ssion signal transmtted

t hr oughioh Riee tiFeARSRY 554 AR ahdilréBhantd GrefiRincy 6f the &t LenkhewhRCRRInh@p 261 | ter 121

si de ang to be output fromthe antenna teerm nal Ant.
[0028] As illustrated in FIG. 9B, a resonance frequency fr formed by the first acoustic wave
resonator 26 and the capacitor 27 is set to a frequency slightly lower than the guard band, and an
anti-resonance frequency fa is set to a frequency within the guard band. This setting allows the
signal transmitted through the cancel circuit 20 to have an amplitude approximately equal to the
pass amplitude of the reception filter 121 in low frequencies within the guard band. Moreover,
as illustrated in FIG. 9C, the phase of the signal transmitted through the cancel circuit 20 can be
made to be almost opposite to the pass phase of the reception filter 121 in low frequencies within
the guard band. Thus, a description will now be given of a duplexer in accordance with the first
embodiment that has the above described cancel circuit 20 connected between an antenna
terminal and a reception terminal of the duplexer.

[0029] FIG 10A is a circuit diagram of the duplexer in accordance with the first embodiment,

and FIG. 10B illustrates simulation resuits of pass amplitude characteristics of a transmission
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[0024] FIG 8B reveals that the steepness of a cutoff characteristic on a

| ow frequency side of a passband (reception band) of the reception filter
121 is unfavorable. In addition, FIG 8C reveals that a pass phase greatly
varies in a transition band (guard band) between the passband (reception
band) of the reception filter 121 and a bl ocki ng band on the | ow frequency
side of the passband of the reception filter 121 (transm ssion band).

[ 0025] The i nventor investigates whether it is possible to forma signal
path that has an anplitude approxi mtely equal to a pass anplitude of the
reception filter 121 illustrated in FIG 8B and a phase al nost opposite to
a pass phase of the reception filter 121 illustrated in FIG 8C in the

guar d fhenehd Akicsptios fikec aus 1a:. fl0Bhecldinsscindiese tichrack ahghade atabieristivs be
formed, the signal path added between the antenna term nal Ant and the

r eceptdrent takmiseiah iR irdl tBORSEFRM et DcdaTl thodiplédee of Be Epkt edBodimgtal i n
the guard band, and allow the cutoff characteristic on the | ow frequency

si de qhdheorpasan@idlind hliéLc@pbh@uniplihide chdrddeliftich6f tht etfsmitkdnei naf t er,
referred to as a cancel path is a signal path that purposefully generates a

si gnalfjiRavidi@le dtepimnl filied SR IAIRA DMk HBpIekY of Hedirsticompanbsseampld. t ude of a
reception filter and having a phase al nost opposite to a pass phase of the

r ecept;jl@afedlit 8IG. 18A0ha dGplegatiof iHelTatt dhdotiEndnbBicRadBESlraRatiftidnSilfeeb®rred to
as a cancel circuit. [0026] The inventor's investigation reveals that the
above dgsciddhRyv&ANeentddh RerG@al BBt and the transmission terminal Tx, a reception filter

29 connected between the antenna terminal Ant and the reception terminal Rx, and a matching

circuit 30. The transmission filter 28, the reception filter 29, and the matching circuit 30 have

the same configurations as those of the transmission filter 120, the reception filter 121, and the

matching circuit 122 of the first comparative example illustrated in FIG. 8A, and thus a

description thereof is omitted.

[0030] The input connection portion 21 of the cancel circuit 20 is coupled to a node between

the series resonator S21, which is located closest to the antenna terminal Ant among the

resonators of the reception filter 29, and the antenna terminal Ant.  The output connection

portion 22 of the cancel circuit 20 is coupled to a node between the series resonator S24, which

is located closest to the reception terminal Rx among the resonators of the reception filter 29, and

the reception terminal Rx.  This configuration allows the cancel circuit 20 to be connected in

parallel to the reception filter 29 between the antenna terminal Ant and the reception terminal Rx.

The cancel circuit 20 has the same configuration as the one illustrated in FIG. 9A, and thus a

description thereof is omitted.

[0031] As described for FIG. 9B and FIG. 9C, the resonance frequency fr formed by the first

acoustic wave resonator 26 and the capacitor 27 of the cancel circuit 20 is set to a frequency

slightly lower than the guard band, and the anti-resonance frequency fa is set to a frequency
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formed wth an acoustic wave resonator. FIG 9A is a circuit diagram

illustrating a cancel circuit, FIG 9B illustrates sinulation results of an
anplitude characteristic of a signal transmtted through the cance
circuit, and FIG 9C illustrates sinulation results of a phase

characteristic. In FIG 9B and FIG 9C, bold lines indicate the anplitude
characteristic and the phase characteristic of the signal transmtted

t hrough the cancel circuit, and, for conparison, thin l[ines indicate a pass
anplitude characteristic and a pass phase characteristic of the reception
filter 121 included in the duplexer of the first conparative exanple. As
illustrated in FIG 9A, a cancel circuit 20 includes capacitors 23 and 24
connectithin the gagdibasd. beThiessirmllionpite tgnaheatsimiedabrougiothe2an@heirait 20ut put
connection portion 22, a first acoustic wave resonator 26 connected between
a nodeo Rive apthintpllinids apgloveenely bguat apagist anplitdde aftbe A4eptindiler g9 aud, and a
capacitor 27 connected in parallel to the first acoustic wave resonator 26.
The fiphgde AABEH SHHSHItARYLpAsE PRI 0LOThe 2EcchBidh filerhen fow frafRnéeOwBkincharave
resonator, the Love wave resonator, or the boundary acoustic wave resonator
i1 ustghadednd.n Flcfefoeastiniored iff F6: 508, Ok rddbstid ®ameinabé pied bitidbfid m
resonator illustrated in FIG 6A and FIG 6B. [0027] An anplitude and a

phase r&fepRobiBial chk BO&dhctb@ dut i tBe Gibndl Rene@neihraiigh ehl dandd) cauic 18 adj ust ed
by controlling a resonance frequency and an anti-resonance frequency of the

first ,agqustdifelpeceutctsanicREis@bon thdw isqicBcsdie ot the pidsbald sepusti ¢ wave
resonator 26 has a central role in making the signal transmtted through

the capeplioffifi&WolcarBe Ra¥Esdp. anpl i tude approximately equal to and a phase
al nost opposite to those of the cutoff characteristic on the |ow frequency

si de gfoihe passRARsQtn 110e]018a8PEIRMIfsidntBler add@e GRBAIN FIES oRBedind 24 nake
i nput /'out put i npedance of the cancel circuit 20 high, and thereby reduce

the anmiphin@ht bR fhaiale shinBWMsBHichMQ ahdBassRRA R idGk bEMble AQhe fiRE Capaci tor
27 makes the anplitude characteristic of the signal transmtted through the

canceleofinhiGHid exdfhpl@t gihat 96 ﬁgpda@ cOfneb s FUhOEHca Qﬁ&@@@@ﬁara@!cﬁaﬂges tre 1 ow

frequency side of the passband of the reception filter by adjusting a gap

bet weephilf 1h&SABRRGRILEAURIRY B LRR AR he MESARARSENSAGRUETRYisOf the

first acoustic wave resonator 26. [0028]AS illustrated in"FIG™ 9B, a
r esongpLk sl RAUSREYsDB b @B BYndcRE ik kérRls bRGRES HHeGnMAR ¢EneeS QR Gon 26 and
t he capacitor is set to a frequency slightly |l ower than the guard band,

and an, Bﬁépﬁfﬁﬁ%@i%ﬁ?oiftfoﬁ%%??%Jaﬁcél%iréﬁhdéhd%hﬁsﬁﬁ&%&ﬁﬁ oMHeRidAat he guard
band. This setting allows the signal transmtted through the cancel circuit

20 to flb%\){f?% R AERhLLIRURRBOXIIRHE! X¥h&OtRd, chfcliRePASRe @agsa&ik&ry@sealﬂf the

, C
reception Tilter 121 in low frequencies wthin the guard band. Moreover, as

illust i = At t i K \ L egls he
cancor Ak Efrefefatl) Rretifed AenPIAS £cBln AERL ARG e LARAMMIREM OO UER O,

the regeptben ]]frlialciaiﬁlbn IR relafbn! flfhg%%gﬁfhgi Wit Matkdl BhdnB€s 9 ¥akdsdaidime Thus, a

description w now be given xer 1 n accordance wth the first

enbodipe rﬁteqﬁé?ﬁ}es ﬁgﬁiirf {a€ g@ﬁ?@ BEn LEFCERGHcF gﬂfdﬁgoglﬂnﬁgﬁl&vﬂicﬂg %e%%@?m ed bet ween

an antenna ‘term and~a reception term e dupl exer” |[0029]FI G

é%‘o 121 ﬁﬁ%ﬂﬁ ltfe§ ltﬂrgug%i H9 Fe@%t%ﬁu AL 26 WR] % ©inck i8R 20 LAt foltichth (;tﬁ& dddr st

other frequencies fail to satisfy the cancel condition. Therefore, change in a filter characteristic
that changes the passband width is not caused.

[0033] As described above, the first embodiment configures the connection of the input
connection portion 21 and output connection portion 22 of the cancel circuit 20 so that the cancel

circuit 20 is connected in parallel to at least a part of the resonators constituting the reception
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and FIG 10B illustrates sinulation results of pass anplitude
characteristics of a transmssion filter and a reception filter. In FIG
10B, bold lines indicate the pass anplitude characteristics of the
transmi ssion filter and the reception filter included in the dupl exer of
the first enbodi nent, and for conparison, thin lines indicate the pass
anplitude characteristics of the transmssion filter and the reception
filter included in the duplexer of the first conparative exanple. As
illustrated in FIG 10A, the duplexer of the first enbodi ment includes a
transm ssion filter 28 connected between the antenna termnal Ant and the
transm ssion termnal Tx, a reception filter 29 connected between the

ant ennick 290.M Tid cahed! candt 2hRcleaant finn adoastid wale Rona@Nd6 eonmattehbetgeai r cui t
30. The transmi ssion filter 28, the reception filter 29, and the matching

Ci I CUithe RQUBY &hldA8s BedwBenGhE fripgtdoahé@idg pagich20sad efe dulymt tormremangsirtdun fil ter
120, the reception filter 121, and the matching circuit 122 of the first

conparat hyea e%an®! ertelabbiat doatigghatioh fanGup@éss aansbrédiei i Bsiasiy pagitaadaicder eof
is omtted. [0030] The i nput connection portion 21 of the cancel circuit 20

i's couple@ehtion iIRthHRQHELARE WRIET ahdRiaRElht @StoffehamakAticDAkhe lohi Rdyuesicy siteat ed
cl osest to the antenna term nal Ant anong the resonators of the reception

filteryfQ pAtinl BEHBRERPIG IRk D RRtkp AllustTdi@l i IQUIDBSIIIes: yaeripgkid on 22
of the cancel circuit 20 is coupled to a node between the series resonator

S24, waldhndeSrdgeRlyadd GhipRRSTanbOrENRnELSRRE fikado@ELD Wdle rRonaepPPg t he _
resonators of the reception filter 29, and the reception termnal Rx. This

conf i gqgoad]i N T8lhReshd RErEAREReriGii¢ Stk 10 FeQudny S0OBEGE B&kshihdratial | el to
the reception filter 29 between the antenna termnal Ant and the reception

term %J:etpf%n ﬁﬁ&%%ﬁé%%ﬂhe ¢dshfatict freQucias filai aBRr@orM0E frodllcatly AbfaRk firke one

illustrated in and thus a description thereof is omtted. [0031]As

descrifeektf QfavErGon G A Flle@ra‘tgﬁsettsb €hak ﬁﬁ%@@ﬁ@an&r’hﬁ&ﬂ@lﬂﬁﬁ%ﬂ the taiceed by the
first acoustic wave resonator 26 and the capacitor 27 of the cancel circuit

20 i's &Eﬁhb@hﬁs%{ ﬁﬁﬁ%m?hkﬂﬁhkwehQM@éa&ﬁ@ﬁh&@ﬁnﬁﬂﬁﬁ%ogﬁﬂémmﬁ@dfﬁee

anti -resonance frequency fTa iIs set to a f requency
cutoff characteristic on the low frequency side of the passband of the reception filter 29. For
example, as described for FIG. 9B, the resonance frequency fr of the first acoustic wave
resonator 26 is preferably set to a frequency within the transition band (guard band) or a
frequency lower than the transition band (guard band). The anti-resonance frequency fa is
preferably set to a frequency within the transition band (guard band).
[0035] The configuration of the cancel circuit is not limited to the one illustrated in FIG. 9A.
FIG. 11A through FIG. 11E are circuit diagrams illustrating first through sixth variations of the
cancel circuit. The first variation illustrated in FIG. 11A demonstrates that a capacitor may fail
to be connected between the node 25 and the output connection portion 22.  The second
variation illustrated in FIG. 11B demonstrates that a capacitor may be connected neither between
the node 25 and the input connection portion 21 nor between the node 25 and the output

connection portion 22.  However, a capacitor is preferably connected in series between the

input connection portion 21 and the output connection portion 22 as illustrated in FIG. 9A to
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within the guard band. This setting allows the signal transmtted through
the cancel circuit 20 to have an anplitude approximately equal to a pass
anplitude of the reception filter 29 and a phase al nbst opposite to a pass
phase of the reception filter 29 in |low frequencies wthin the guard band.
Therefore, as illustrated in FIG 10B, the reception signal in the guard
band of the reception filter 29 can be cancel ed out by the signal
transmtted through the cancel circuit 20, and accordingly the cutoff
characteristic on the | ow frequency side of the passband of the reception
filter 29 can be nade steep. [0032]As illustrated in FIG 10B, the

transm ssion filter and the reception filter of the first enbodi nent have
al Nostredude iRaMunNSARE bRkl fosmand thasmbéanttcui do.hsEpscialhosapacitors e fir st
conparative exanple. That is to say, the connection of the cancel circuit

20 hangd¥ pRamge ot fietel ASkkS Both boszeand nobe2 passhangpuntdinbeiohpertiorason why
t he inserPion | oss hardly changes is because the capacitors 23 and 24 are

conneoct;gld ibBrweh iRS108E bIVBRIthE BeplidrhetiBARBRION@D. portion 21 and out put
connection portion 22 of the cancel circuit 20 and thus the anmount of the

si gnaljphdegW Nhé i@ vahSiciaNGRfatcdliih FWi 1 12QemdnitRebicd o cAhenef iyefail to be
capacitances of the capacitors 23 and 24 are preferably determ ned taking

into apaAR] it BEraRmY te 1Bt dcbRtis haP@lesblAM IO HakRvéhecapantrlis sefeist 20.
In addition, the reason why the passband width hardly changes is because

only tfie.d.o i b&AHANG RS deBishic WaQe BakAorand ihath®l Yo ACCONESMakoOMdi ti on
under which the signals transmtted through the reception filter 29 and the

cancel arrﬁzji itufddichard Qe SR theQidna PRERMM A hrougin the QEARI cifduRBOGRAEGe kR of O

satisfy ‘the cancel condition. Therefore, change in a filter characteristic

that Ghanges chHecBass Bat Wivdtddudty IRk of AldSRcbahPOSRE AZefiRaGieched above,

the first enbodi nent configures thée connection of the input connection

por tiqpg anfip@ft}umtvaﬁ&mmﬁaét%dﬁﬂ i QDR mRhsthAAR (FARGRY abbistiblivav20 SO
that the cancel circuit 20 1s connected in parallel to at |east a part of

the rg@%gﬁgﬁ% @gypﬁé Ll dObdehEen’ SRR EE L RhiH Isthehved the FRgut CafHeBliorCi T CUi t 20

i ncl udes acoustli c wave resonator 26 connected between the node

25, |oftbr . £l n . C S or
V\’g:![o%n' 5 ﬁ%&ﬁ\@sgggﬁg%amw pGABRSE AR A fi PRl ABGstichave Wkt

connecti on portion a ground. ve configuration can suppress

an i ncj{?%@l? ﬂe%ohl?%?edib@tvw%ﬁ a%%ﬁé?%d%oﬁld’, erbGk ic%cit& A7hRa Adigbgwi dt h,
and nake the cuto characteristic on the [ow frequency side
between a node 31 and a ground.  That is to say, two or more first acoustic wave resonators may
be connected. The first acoustic wave resonators may have mutually equal resonance
frequencies or mutually different resonance frequencies. The fifth variation illustrated in FIG.
11E demonstrates that capacitors connected in series between the input connection portion 21
and the output connection portion 22 may be acoustic wave resonators 32 and 33, and a capacitor
connected in parallel to a first acoustic wave resonator 26¢ may be an acoustic wave resonator 35
connected between a node 34 and a ground.  In addition, the first acoustic wave resonator 26¢
may be designed to have two or more resonance frequencies.
[0038] Here, a description will be given of an advantage obtained by designing a first

acoustic wave resonator to have two or more resonance frequencies. FIG 12A1s a circuit

diagram of a duplexer in accordance with a first variation of the first embodiment, FIG. 12B is a
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of the passband of the reception filter 29 steep as illustrated in FIG 10B
by properly setting the resonance frequency and anti-resonance frequency of
the first acoustic wave resonator 26. [0034] To make t he cutoff
characteristic on the | ow frequency side of the passband of the reception
filter 29 steep, the resonance frequency fr and anti-resonance frequency fa
of the first acoustic wave resonator 26 are preferably set so that the
signal transmtted through the cancel circuit 20 has an anplitude
approximately equal to and a phase al nost opposite to those of the cutoff
characteristic on the | ow frequency side of the passband of the reception
filter 29. For exanple, as described for FIG 9B, the resonance frequency
fr of pidneviéw oSk fin€ acsbiicwiavesdnasgnad BTG 26CiiBusanet sinalidtipnsesults of msé r equency
within the transition band (guard band) or a frequency |ower than the

t r ansiahipfiftude @Rgtadtariaicdobamghsmiskoa fart ind 2eogmion €kt edu NG 1 2Cabdld s@idef er abl y
set to a frequency within the transition band (guard band). [0035] The

confi gmeaﬁh&amgasg |R@fRCBhrablerigiles bf ihe tAGdmikdion fiket aho thereception filitrust r at ed
in FIG 9A FI | 1A through FIG 11E are circuit diagranms illustrating

first thhagualer 6f tké Rrsy Réiriadioh 0N TeAfrstiehdodiddaglan€ fdr@binbarisbhgthfni okl livéw i at i on
illustrated in FIG 11A denonstrates that a capacitor may fail to be

connech ehtd e Was intgiBude il @radariand of fhe natdnpisdio ARGeaE tRte@ptib ANerdR theThe
second variation illustrated in FIG 11B denonstrates that a capacitor may

be CO%gEk%f"t‘ﬁ‘é tReSmIRNMER Mk iGin RagRd AReARdichtb ehd paBUAmSIRIMEECt | ON portion
21 nor between the node 25 and the output connection portion 22. However, a

capacich@heteSstRE 6f b MhERRNEHRELtVE cRARplIES bet ween the input connection
portion 21 and the output connection portion 22 as illustrated in FIG 9A

to regypre thasamRukdH Fice2 8] Onakel LirOW 2 ik BémictBe irCARR| toahé cui t 20,
Especially, capacitors are nore preferably connected in series both between

the nogdepgenh ARG BNRIRR e LML iRl RAT ddARe Rleptiof (BREMERR. t TR AR 25 and
t he out put connection portion 22. [0036] The third variation illustrated in
FIG LifuidePneiubalas cdfadtors2$ SR dRhedi®Yinfsdiids HeBvQ8 the input connection

portion 21 and the output connection portion 22, and a first acoustic wave resonator 26d

connected between the node 25 and a ground.  Other configurations are the same as those of the

first embodiment illustrated in FIG. 10A, and thus a description thereof is omitted.

[0040] As illustrated in FIG. 12B, the first acoustic wave resonator 26d has the IDTO

between the reflectors R0. The IDTO has three regions 36, 37, and 38 including comb-shaped

electrodes having different periods and widths of electrode fingers. When a resonance

frequency in the region 38 out of the three regions is set sufficiently high compared to the

passband of the reception filter 29, the comb-shaped electrodes in the region 38 function as a

capacitor. This enables to omit the capacitor 27 illustrated in FIG. 9A, and to downsize the

cancel circuit. Resonance frequencies in the regions 36 and 37 differ from each other, and are

set to frequencies lower than the guard band.

[0041] As illustrated in FIG. 12C, the first variation of the first embodiment has a cutoff

characteristic on the low frequency side of the passband of the reception filter 29 with steepness
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connected in parallel to the first acoustic wave resonator 26. However, a
capacitor is preferably connected in parallel to the first acoustic wave
resonator 26 as illustrated in FIG 9A to nake the anplitude characteristic
of the signal transmtted through the cancel circuit 20 match the sl ope of
the cutoff characteristic on the |ow frequency side of the passband of the
reception filter. [0037] The fourth variation illustrated in FIG 11D
denonstrates that a first acoustic wave resonator 26a may be connected

bet ween a node 25a, which is between the input connection portion 21 and

t he out put connection portion 22, and a ground, a second acoustic wave
resonat or 26b may be connected between a node 25b and a ground, and the
capacidi@bst e ARy abchaconneditedmbedinern alonede, Bt fandadatgmadde. firfthat is to
say, two or nore first acoustic wave resonators may be connected. The first
acoustdmbodfivét Aftheniai@éses Byddane of Bifpuakiby ity dlockiag baaheetht t@guenci es or
mutual ly different resonance frequencies. The fifth variation illustrated
in Fl GreqhdfeydrRROASRAL®ENd bithe ERPALNICE 2E Arineaissidn bind) ebinpaedRitheen the

i nput connection portion 21 and the output connection portion 22 may be
acoustiGt O @S0 i Osheis@d B acalflc {a0aR86Hat66 BRI drt par al | el
to a first acoustic wave resonator 26c may be an acoustic wave resonator 35

connegteMaRetWaehcRs NRdcSAdidRE the BESHANEL frdqle@YAif theOst dcbestikiwast acoustic
wave resonator 26¢c may be designed to have two or nore resonance

f r equepgng®r 26 PL3RHEI 8 fredudh@ RS klighilyIbwatahll ilttheBiowen tah tazuadMsnt age
obt ai ned by designing a first acoustic wave resonator to have two or nore

I eSONaCHsEHiRAWEHE, Sen fik @rst hedhstis wavEick@ididr 28l 88 @8 Rfmale cidplapxer in
accordance with a first variation of the first enbodinment, FIG 12B is a

pl an vit@WeRfiestrebddantc RERABSdCcalBY @etrt@&%ﬁ?atr@{)oinﬁﬁﬂthlﬁ{ fie blGink lbhatst r at es
sinmulati'on results of pass anplitude characteristics of a transm ssion

filteryanshisidsmny, !anlaJchn]f‘gﬁy, tHeeufd e hatel feristObifthe ObW @reg&é%eﬁsih@mtﬁ@t e pass

anplitude characteristics of the transmssion filter and the reception

filter,kiahd6r @Y RIENRN fMfer bOad b BhdeViddch@hd B2 RErek BEspbftiofedadi ment, and
for conparison, thin solid lines indicate the pass anplitude

char aqgﬁ?dv%ﬁ ibr?] Softfolfidtes %@ﬁf@%l?&{a%té}iisiﬁ frthapdctine quera_&éngggiéﬂ tahgy in the

dupl ex of the first” enbodi ment, and thin dashed lines indicate the pass
anpl i tuherGhalant@htetih €86 i D RRGLVR ortiltBe filst 8lousRMaFALINBRXAOP! €.

connected, the first acoustic wave resonators preferably have mutually different resonance
frequencies.

[0042] The first embodiment connects the cancel circuit 20 between the antenna terminal
Ant (input terminal) and the reception terminal Rx (output terminal) as illustrated in FIG. 104,
but does not intend to suggest any limitation. FIG. 13A and FIG. 13B illustrate connection
examples of the cancel circuit.  As illustrated in FIG. 13A, the cancel circuit 20 may be
connected between an arbitrary node and another arbitrary node in the reception filter 29.  As
illustrated in FIG. 13B, two or more cancel circuits 20 may be connected in paralle] between the
antenna terminal Ant and the reception terminal Rx.

Second Embodiment

[0043] A second embodiment improves a degree of suppression in a blocking band on a high

9



[0039] As illustrated in FIG 12A, a cancel circuit 20a is connected in
parallel to the reception filter 29 between the antenna term nal Ant and
the reception term nal Rx. The cancel circuit 20a includes the capacitors
23 and 24 connected in series between the input connection portion 21 and
t he out put connection portion 22, and a first acoustic wave resonator 26d
connected between the node 25 and a ground. OQther configurations are the
sanme as those of the first enmbodinment illustrated in FIG 10A, and thus a
description thereof is omtted. [0040]As illustrated in FIG 12B, the first
acoustic wave resonator 26d has the IDTO between the reflectors RO The

| DTO has three regions 36, 37, and 38 incl udi ng conb-shaped el ectrodes
havi ngdjubh@reitofpeaisbaal mdilwgdt s 0fA dlueeiesiaukiingessts dfierpaas resonance
frequency in the region 38 out of the three regions is set sufficiently

hi gh ARG hhAclfich a5 B aRdsiksibh fltEreee pid redeptibh fikér id %he duptexensthhs haped
el ectrodes in the region 38 function as a capacitor. This enables to omt

the capacidnParative bxdnm¢ NRkRMHed i FIGR A PN FaRd 4801 Gdans isduidtha reansef a
circuit. Resonance frequencies in the regions 36 and 37 differ from each

ot her ,pa§-§lﬁha§é ehas@berfsQc H 86 Hﬁrﬁh@ﬁiéﬁod @& lin ﬂﬁa@ﬂpkk@ of H@rfﬁsﬂ&ﬂ@arii%m 1] As
illustrated in FIG 12C, the first variation of the first enbodi mrent has a

cut of fexghpleantafaedlih CI@BAL her1d oAl e eAUanathSdddteeQff sififeing $bablbcthg t he
reception filter 29 with steepness alnost the sane as that of the first

enbodi ymRA{(recdPRiMR B8Hd) oh RSidH E&fueYH diRidrake Rihstah@ of the Sn@iRGsH filati 2 ur t her
i nproves the degree of suppression in the bl ocking band on the | ow

frequepgwcsdtile MNioehRrnassPaNdvefls thient &8 phieds tHel tfBEmB ok tiltgP0i SSi on
band) conpared to the first enbodinent. This is because the first acoustic

vwave rgsoRalaks AGh RESHbWBa@]. More resonance frequencies, and accordingly
the resonance frequency of the first acoustic wave resonator 26d can be set

to ”ﬁgU@ﬂci eghe idvahiolh Mlvleéﬁ%ﬁﬂ'es AREkhEME 1shREsibIe W Torhha nrghﬁaﬂgg@mﬁstagnd. As

descri bed "above, when the first acoustic wave resonator 26d has two or nore

J ?Soﬂaﬁﬁﬁitﬁc{e%gjgf‘di%ﬁély eg@aﬁ ARPES ahlpBAMEBEIL Srak @M sfién ARLr 100 iRlsBhkd & Y POI Nt's
within the bl ocking band (transm ssion band), and accordingly, the cutoff

char ac | 841 - _ otion
Fer B4 hﬁ%ﬁ&%&&@dgﬁ%@g&ﬁ%&l@ ?Eﬁeﬁssﬁih‘a% &find PesPasRand: i 1iksr#LGHe

filter 29 can egree of suppression can be inproved

by congpoldp norifs RYWRELLES Sk MRAIRGHR ek Centtdal ltf:?h@%v@gesléﬁﬂgi signal

(transm ssion band). Theretore, as i1llustrated in G 11D, when two or nore

PP AR SRROR R RSB AGhiBL TR
cancel out the transmission signal in the reception band, and improve the degree of suppression
of the transmission filter 120 in the reception band. The second embodiment describes a signal
path that purposefully generates a signal that has an amplitude approximately equal to a pass
amplitude of a transmission filter and a phase almost opposite to a pass phase of the transmission
filter in the reception band as a cancel path, and a circuit that forms the cancel path as a cancel
circuit. |
[0045] The inventor's investigation reveals that the above described cancel path can be
formed with an acoustic wave resonator. FIG. 15A is a circuit diagram of an exemplary cancel

circuit, FIG. 15B illustrates simulation results of an amplitude characteristic of a signal

transmitted through the cancel circuit, and FIG. 15C illustrates simulation results of a phase
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[0042] The first enbodi nent connects the cancel circuit 20 between the
antenna termnal Ant (input termnal) and the reception term nal Rx (output
terminal) as illustrated in FIG 10A, but does not intend to suggest any
limtation. FIG 13A and FIG 13B illustrate connection exanples of the
cancel circuit. As illustrated in FIG 13A, the cancel circuit 20 may be
connected between an arbitrary node and another arbitrary node in the
reception filter 29. As illustrated in FIG 13B, two or nore cancel
circuits 20 nmay be connected in parallel between the antenna term nal Ant
and the reception term nal Rx. Second Enbodi nent [0043] A second enbodi nent
i nproves a degree of suppression in a blocking band on a high frequency
si de qhadcpagkbandFiaf 158 hhd FIEY. 15E)¥ald ideA inditassthe atn@tude ohilradtérttic bebul t s of
the pass anplitude characteristics of the transm ssion filter and the

r eceptphag dhblabRFisticbftihesighaptrensafitt@f thidugh ther@hcet oigay atd foe cE@ngimbig thin
illustrated in FIG 8A, and FIG 14B illustrates sinmulation results of a

pass phasmdrRarnehes emplitdoEhdiiieristiansdhBs e thdriddristio of the udhiphiesi@r of the
first conparative exanple illustrated in FIG 8A. FIG 14A reveals that the

degr eqilRf 130/RRHEESHIORr btha fipdt @61%?£i@ti\l€haé'kdmbfe60 eRtiil@eaandfiamns &, hiagbel
frequency side of the passband of the transmssion filter 120 is

unf avQiralik 80 idYRIdEOVBReitdr 43 ankB doRMEM Bintshiads HehR:cR s snpahasBedfontpbion
transm ssion filter 120 greatly varies in the reception band. [0044] The

I nventQranh Ay e§iphdeinBsct v @bARK 40t arldSa MSERIRR WA k@bt & @hatctqrt h that has
an anplitude approxi mately equai to a pass anplitude of the transm ssion

filterpede@niallodsits atieh isBetnleth t ANgrs30naas, AdmssupPposi te to a pass
phase of the transmission filter 120 illustrated in FIG 14B. This is

becauggpad]aki mge R QeREEONNe thRalol 16 maRERAE Ei?ﬁﬂ%raninﬁl&ecﬂﬁ%@h des&nidred

signal path added between the antenna term na nt and the transm ssion

ter m n@kyuif %0 heveeANSiHRl R AppOxHANA§ kqito 4 PRs inpAeal 55 RihsiGRalfilleNadde
reception band, and’inprove the degree of suppression of the transm ssion

filter, 320 AiMolhppbEeenh bR PRARGF BBk REPRdhdRBIpEE Bakd. DeFea signal
pat h that purposepully generates a signal that has an anplitude

appr o@agmt@#smeaﬁm alt nlfRe pRASSPARIPLIAEE oPhe RarfcE IR 36 hAA, %dd' th&epand a

phase al nost opposite to a pass phase of the transmssion filter in the

r ecepti Al RANALAS: 8 HARGRN AL inAfWle Barfkbr GiUk 4bhat forms the cancel path

as a cancel circuit.
[0047] As illustrated in FIG. 15B and FIG. 15C, a resonance frequency fr of the first acoustic
wave resonator 46 is set to around a frequency that is within the reception band and at which the
pass phase of the transmission filter 120 reverses. That is to say, the resonance frequency fr of
the first acoustic wave resonator 46 is set to around anti-resonance frequencies of the series
resonators S21 through S24 constituting the transmission filter 120.  This allows the signal
transmitted through the cancel circuit 40 to have an amplitude approximately equal to the pass
amplitude of the transmission filter 120 in the reception band. In addition, the signal
transmitted through the cancel circuit 40 can be made to have a phase almost opposite to the pass
phase of the transmission filter 120 in the reception band. Thus, a description will be given of a

duplexer in accordance with the second embodiment that connects the above described cancel

circuit 40 between an antenna terminal and a transmission terminal in the duplexer.
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[ 0045] The inventor's investigation reveals that the above described cancel
path can be fornmed with an acoustic wave resonator. FIG 15A is a circuit

di agram of an exenplary cancel circuit, FIG | 5B illustrates sinulation
results of an anplitude characteristic of a signal transmtted through the
cancel circuit, and FIG 15C illustrates simulation results of a phase

characteristic. In FIG 15B and FIG 15C, bold lines indicate the anplitude
characteristic and phase characteristic of the signal transmtted through
the cancel circuit, and for conparison, thin lines indicate the pass
anplitude characteristic and pass phase characteristic of the transm ssion
filter 120 in the duplexer of the first conparative exanple. As illustrated
in Fl Go4BPA BIGABER a Gitdu@UiiderAf of e ldupleserdapantdantswhidthanecodd connected in
series between an input connection portion 41 and an out put connection

porti QhbbdimeaNAn@ FiG. N8B iMGRURE bitnu@oa réRR0 BAERE atplitenieelagisiigtorgen a node
45, which is between the capacitors 43 and 44, and a ground. [0046] The

first peaHStibe ANAVAJRGEQRRALPAIEE RKES 14M& 0% Bndlindidnsabidsathplitideugh t he
cancel circuit 40 have an anplitude approxi mately equal to a pass anplitude

of a tyhanswisek ontkivahehisandfiRerRias Btepash finpNashd Ripldefoffsscoitase of the
transm ssion filter in the reception band. The capacitors 43 and 44 nake

i nput /.gibbBittent, MRE €3NS pRfisoh B rCIARE BldiGikd BbiphssAehplitdd chaiderdishies 6faye r educe
t he amount of the signal flowing into the cancel circuit 40. [0047]As

i1 1 ustyratedsibR olibGnabBeadfion ifer thRfe 165 ONAB Gitst EompraneexhmpRf hbe first
acoustic wave resonator 46 is set to around a frequency that is within the

r ecept;j;i-RANE FRN 6 AL thbLSIBxdr b tRASSonR AR dMfent BRIUEANSMsmSRA Hfifet 42T 120
reverses. That is to say, the resonance frequency fr of the first acoustic

wave Tesanali®endlniife fiknh @riRLAG Allhe FASAMANASHIRIYRNSIRS RN ke Series
resonators S21 through S24 constituting the transmssion filter 120. This

al | owsygt e, RiNRlwdeh ASIHdhE thrinfHaP N rdGe feaiRh (Gt Rk, AQ 4RaBiaNe an

anpl i tude approximately equal to the pass anplitude of the transm $sion

Filt eé:ﬁr%%@@.” 'Fllikecre[n%%gitc)h ‘ﬁrl‘tzg@ﬂ he tjg&:pﬁgﬁi itk O4B, abd e BlahRly difc@R3ThbEL

t hrou the cancel circuit can be'nade to have a phase al nost opposite

to the,p o%hﬁglﬁa%ns_taplﬁmfgé %&éﬁé@&;&d filk&"128208e tRe RS HQF EPL Lenmpand.

Thus, a description w e gilven o dupl exer i1 n accordance wth the

second, 200 '&iPc”%’&t12&%@%11‘3%5&[&%%?&&%& Yeiideshtd REIGORGEheGiveEUidd 40

bet ween an antenna term na a transmssion termnal in the dupl exer.
thus a description thereof is omitted.

[0049] The input connection portion 41 of the cancel circuit 40 is connected to a node
between the series resonator S11, which is located closest to the transmission terminal Tx among
the resonators of the transmission filter 47, and the transmission terminal Tx. The output
connection portion 42 of the cancel circuit 40 is connected to a node between the series resonator
S14, which is located closest to the antenna terminal Ant among the resonators of the
transmission filter 47, and the antenna terminal Ant. The above configuration allows the cancel
circuit 40 to be connected in parallel to the transmission filter 47 between the antenna terminal
Ant and the transmission terminal Tx. The cancel circuit 40 has the same configuration as the
one illustrated in FIG. 15A, and thus a description thereof is omitted.

[6050] As described for FIG. 15B and FIG. 15C, the resonance frequency fr of the first
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[0048]FIG 16A is a circuit diagramof the duplexer in accordance with the
second enbodinent, and FIG 16B illustrates sinulation results of pass
anplitude characteristics of a transmssion filter and a reception filter.
In FIG 16B, bold lines indicate the pass anplitude characteristics of the
transm ssion filter and the reception filter in the duplexer of the second
enbodi nent, and for conparison, thin |ines indicate the pass anplitude
characteristics of the transmission filter and the reception filter in the
dupl exer of the first conparative exanple. As illustrated in FIG 16A, the
dupl exer of the second enbodi ment includes a transmssion filter 47
connected between the antenna termnal Ant and the transm ssion term nal
TX, aapQRaPWaeArekidatR U648 iHeeanactiedittives o sbandanireneacyt waris aathinAhe and
the reception terminal Rx, and a matching circuit 49. The transm ssion
filtencdbiiod Bda8e 8PKKieR tHel JabSihadBof tRd@artshessivat it AP rederseddi Thikkchimge t he
sane configurations as those of the transmssion filter 120, the reception

fi |t erded theaSlal hifsiiRica IhrdglCint catickt drRitab 6 hevefanrasiplia@eppsatinselexanpl e
illustrated in FIG 8A, respectively, and thus a description thereof is

om t t @dyal kORE PhdNngIRRIor ARRRSHIsSIdN FiRE 4 DihdblpHabe élH@sth\%E_@ﬁﬂe 16ihe@eist 40 is
connect'ed to a node between the series resonator S 11, ich is |ocated

clos e%ﬂqak%f%ﬁhﬁrén"sﬁ&%i% $1eO87 In@h&ted@tionoadIO NEhekdFere! RS DA SH BIG. 168,
transmssion filter 47, and the transm ssion term nal Tx. The out put

conneGhd QbhsRNstonQndlin e fehStioA BRI caibeehidelAQut By heRRasIRsthe@ node

bet ween the series resonator S14, which is |ocated cl osest to the antenna

term AIRRLCiEDE 40ERRNAL Y Beedff shiblRedslRAMTMSBinRiskioh FiREr 477 tgnd t he
antenggbg rnfn%FQAﬁt. The aboveE%%nffgﬂﬁgtion alloé% %he cancel circuit 40

to ber&%?88§5£8c59b9ﬁﬁﬁ%béi to the transmssion filter 47 between the

antenna termnal Ant and the transm ssion term nal Tx. The cancel circuit

40 ha sa i ' 8 100 f tHeltkhnbhALiBA 18 47 iGsupbdAsedand t hus
a des 9@% ionﬂﬁﬁggg%fg?@eﬁﬁg??ggﬁﬁ?OOSO]AseéescriBedlﬁor ﬁlé? 15§:and FI G

15C, the, sgﬁlg%g}%}a%ﬁmf 48 AUE 0% Yrdl donfdctddng sdids Bhtwedf %ﬁﬁ]%}tﬁ WRBHSESRAGE T 46 i n
the cancel clrcult 40°is set to around a frequency that is within the
recept, d We : t L 8sl ickdser 47
Fever o B b e P e ke

crr Cu'nte?iAtﬂe }e%eﬁ?o\ﬁeoaff@ f?ﬁ@ 4 L4098 BRRAGKLIRE Sh¥ch8R @knal O dndRiRA SR oaFP! 1 tude

of the transm'ssion r 47 and a phase al nost opposite to the pass phase

of theyt {r&%ﬁﬁgﬁﬁoﬁ f%{%r %‘é EITICF{!’IG 42ndeDcit IR 40RGERT bAR 8PN er, USRI FeBuerRes

illustrate the transm ssion signal in the reception band can

_be cancel e nkd1€omd 953! f@@,pﬁgtrﬁaglggmttné ﬁﬂmhﬁﬁi@teﬁﬁﬁggﬁicﬁﬁr{ seJ{hfe 40,

i 1{&’
and t he egP%gRB Elsuppressmn 0 nsmssion filter

' eceptﬂag%al?m%tﬁ: ?srhoP gatf.s@a? r %%f!a'fore, the reduction in the passband width of the
transmission filter 47 is suppressed.
[0052] The second embodiment configures the connection of the input connection portion 41
and the output connection portion 42 of the cancel circuit 40 so that the cancel circuit 40 is
connected in parallel to a part of the resonators constituting the transmission filter 47 as
illustrated in FIG. 16A. The cancel circuit 40 includes the first acoustic wave resonator 46
connected between the node 45, which is between the input connection portion 41 and the output
connection portion 42, and a ground. The above configuration enables to suppress an increase

in loss in the passband and a reduction in the passband width, and to improve the degree of
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[0051] In addition, an increase in insertion |oss of the transm ssion filter
47 1s suppressed because the capacitors 43 and 44 are connected in series
bet ween the input connection portion 41 and the output connection portion
42 of the cancel circuit 40. Mreover, only the frequencies near the
reception band satisfy a cancel condition under which the signals
transmtted through the transmssion filter 47 and the cancel circuit 40
cancel out each other, and other frequencies fail to satisfy the cancel
condition. Thus, the change in the filter characteristic that changes the
passband width is not caused. Therefore, the reduction in the passband
wdth of the transmssion filter 47 is suppressed. [0052] The second
emomsﬂﬁiﬁssﬁﬂﬂﬁ&%&ﬂdﬁg}&n@@ﬂlﬂ%q{i'gloﬂeaﬁfenéy}"@dd Tk pscang of ihefrapaiitiion 41 and
t he out put connection portion 42 of the cancel circuit 40 so that the

cancelfiiet BT Hiel refbbtiod bafNNL iR ated iPEIRILEE by pRpariPpaifingdhe tdRgndnesonat or s
constituting the transmssion filter 47 as illustrated in FIG 16A. The

cancelfghéfyiot tkQirkinebde val O Rsbidigtseacoust i c wave resonator 46 connected
bet ween t he node 45, which is between the input connection portion 41 and

the oyppisl] COmHRHPNHBAEELOBS dippreddih @ 1B BldBbng B ARRYEigh @aﬁmgy ation
enabl es to suppress an increase I n |loss in the passband and a reduction in

the pagfhand Wedahd oARE trh@snti RSP R U & & e@efRorPfand § URNEQHEARTrdqlerich Of
bl ocki ng band on the high frequency side of the passband of the

tr ansnSfisPiolibttd WaveddsohhtoPde [s9p&RabRReANA tIRSsi %ﬂal wadshak@thioighrife 16B by

properly setting the resonance frequéncy of the first acoustic wave

resonghQtel #8cuif #0R3hd SmbAREOYSorb Nt 8ol RE] @fthéph@parﬁ@%h@@oﬂ tRe trit@niMspki ng

band on the high frequency side of the passband of the transm ssion filter
47 (1 fBer 4RGPS bRRe RANA) oppolife ©BRQ RN SHASIMERS arinidshh flick 81 ipgeust i ¢

wave resonator 46 1s preferably set so that the signal transmtted through

the c ' j i i ; t9 (e pass
C YR RingXahff Uh tctetNAS @R ATR dilthiCieas8aRE BKINTRI Ao GOk Alerlad .81

anplitu tran ter 47 and a phase al nost opposite to and

the pass Bmﬁﬁldg dfsot?% érﬁ[a@,sdgid%%ﬂ%@d fdriFi@r1 sB7 tHeRedoRfnch |ﬁ%ﬁ1!@n@? oP@Bgren the
8 i de o? t f I

hi gh frequency € passband of the fransmssion filter 47 (i.e.

r eceptajCQ&ti@%g% éesg&rmr%qgg#e?era% sA85 & HebRtl ] RithinliR m%é@n% the drafORgNCe

frequency of t irst acoustic” wave resonator 46 is preferably sel to a

frequ M%%%Eje e rtﬁ%ﬁjapgbgﬁd(i)ﬂﬂ? ﬁ%i%ﬁbr} e Ay QR ERBAVEREY Bleianl, didhe

passban e transm ssion 47 (reception band). Especially, the

r esonar@%o‘ﬁaﬁcre%ldﬁ&fci O?Ihegngf aysﬁsﬁe @GQ%ﬁrgat@or%\{gemﬁ)ﬁéﬁgﬁra%[y Aol FolHRTE

preferably set to aroun requency t is within the bl ocking band

(recentianDand)s ddn e MHUGH: SR8 RASRiRDBAE aRh of DRich HRMAN SRbOS thd | ter 47

rever ses.

transmission filter 47 reverses.

[0054] FIG 17A is a circuit diagram illustrating another cancel circuit, FIG. 17B illustrates
simulation results of an amplitude characteristic of a signal transmitted through the cancel circuit,
and FIG. 17C illustrates simulation results of a phase characteristic. In FIG. 17B and FIG. 17C,
bold lines indicate the amplitude characteristic and the phase characteristic of the signal
transmitted through the cancel circuit, and for comparisen, thin lines indicate the pass amplitude
characteristic and the pass phase characteristic of the transmission filter 120 in the duplexer of
the first comparative example. As illustrated in FIG. 17A, a cancel circuit 40a includes a

second acoustic wave resonator 50 connected in series between the node 45 and the capacitor 44.
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[0054]FIG 17A is a circuit diagramillustrati ng another cancel circuit,
FIG 17B illustrates sinmulation results of an anplitude characteristic of a
signal transmtted through the cancel circuit, and FIG 17C illustrates
sinmulation results of a phase characteristic. In FIG 17B and FIG 17C,
bold lines indicate the anplitude characteristic and the phase
characteristic of the signal transmtted through the cancel circuit, and
for conparison, thin lines indicate the pass anplitude characteristic and

t he pass phase characteristic of the transmssion filter 120 in the

dupl exer of the first conparative exanple. As illustrated in FIG 17A, a
cancel circuit 40a includes a second acoustic wave resonator 50 connected

i n seritkg defiyeeibns AR tHOskndds taerd of e cargeicirduiyillddrated @i RHE. 16 ANdridgbusat | ons
are the sane as those of the cancel circuit illustrated in FIG 15A, and

t hus aeslepabh Hel@nistdrafedf is omtted. [0055]As illustrated in FIG 17B and
FIG 17C, the resonance frequency fr of the first acoustic wave resonator

46 is [9@d51t 0 AkAURRaRd ff EIGUETE ¥nd 1@ 176, thé febdrianédReduessmt bbie fizgnd and at
whi ch t he pass phase of the transmi ssion filter 120 reverses. An

anti - e&RNaNese fkaaurneYs fiiolliba fefRNE, BRAYSithi thexeerRa0aM 8fd £0 is set
to a frequency near an upper end of the reception band. A description wll

now beyiFin@e pafs pRafWiphieXBihshRside CReABNCOvMbdsh Anfahfi $ésoMaict deh@cpfa dthe
second enbodi ment that connects the above descri bed cancel circuit 40a

bet weghe @B UBNAR WAL M sBRdtoRItis Berlth BMRAhHS) Afhr bR UPpR@hd bitht Reeplital exer .
[0O056]FIG 18A is a circuit diagramof the duplexer in accordance with the
first Wi ak b@Rriffion will now be given of a duplexer in accordance with a first variation of the

second embodiment that connects the above described cancel circuit 40a between an antenna

terminal and a transmission terminal in the duplexer.

[0056] FIG. 18A is a circuit diagram of the duplexer in accordance with the first variation of

the second embodiment, and FIG. 188 illustrates simulation results of pass amplitude

characteristics of a transmission filter and a reception filter. In FIG. 18B, bold lines indicate

pass amplitude characteristics of the transmission filter and the reception filter in the duplexer of

the first variation of the second embodiment, and for comparison, thin lines indicate the pass

amplitude characteristics of the transmission filter and the reception filter in the duplexer of the

first comparative example. As illustrated in FIG. 18A, the cancel circuit 40a is connected in

parallel to the transmission filter 47 between the antenna terminal Ant and the transmission

terminal Tx. Other configurations are the same as those of the second embodiment illustrated

in FIG. 16A, and thus a description thereof is omitted.

[0057] As described for FIG. 17B and FIG. 17C, the resonance frequency fr of the first

acoustic wave resonator 46 is set to around a frequency that is within the reception band and at

which the pass phase of the transmission filter 47 reverses. The anti-resonance frequency fa of

the second acoustic wave resonator 50 is set to a frequency near the upper end of the reception

25



the second enbodinent, and FIG 18B illustrates sinulation results of pass
anplitude characteristics of a transmssion filter and a reception filter.
In FIG 18B, bold lines indicate pass anplitude characteristics of the
transmssion filter and the reception filter in the duplexer of the first
variation of the second enbodi nent, and for conparison, thin |lines indicate
the pass anplitude characteristics of the transm ssion filter and the
reception filter in the duplexer of the first conparative exanple. As
illustrated in FIG 18A, the cancel circuit 40a is connected in parallel to
the transmssion filter 47 between the antenna term nal Ant and the

transm ssion termnal Tx. Other configurations are the sanme as those of the
secongagdrbodici®@Aectibh Usthe aireel dirtuftUG intGlingaheatiot desribabisi gouai t her eof

is omtted. [0057] As described for FIG 17B and FIG 17C, the resonance

f r eqUeNSY résbn@br 4w diskédntl a3GRHS ate WBMBILIT S QllBlOThe4Bgres o Sippiessiar eund a
frequency that is within the reception band and at which the pass phase of

the t rgngHssSdsRA (fliet 1M he rdc@tRNIRRA toleinfbidied e saneLin FlagIemcy fa of the
second acoustic wave resonator 50 is set to a frequency near the upper end

of theofBsRRtd PIG. 16 BFhe TARnECRABEGHIcaN of the cancel circuit 40a including
t he above described first acoustic wave resonator 46 and second acoustic

wave regsRpat ons Histhie@ WPFIdN €7 A88¢E emcalfcisipPOLHEIA (BE sdcbfdl ddoananiesi on
filter 477°in the reception band to be inproved as illustrated in FIG 18B

COKDarr@s.%nét@r 5 Gnnd&BY R selilineb0&anEe RFPQIn AR pbididR 8] Asd iHelougfut ated in FIG

17A, the cancel circuit 40a includes the second acousti c wave resonator 50

connechgthclibn S6Hibe 22 RELINREA b AR firdPkbugRANSE kdsoMtdOrdih A ke widtiéher out put
connection portion 42 in addition to the first acoustic wave resonator 46

i n thepd idbsitd MAdRhERN Phe 1H00e 386APCH QnRRaNBNinabiER & ARAMEnPesLhded
configuration enables to further inprove the degree of suppression in the

bl ocki cf_agre_p @F'Qpr?FbsgiQf? ifth8 Piob iR YECON B HRhFeqhdiRy BRE SPMRPabald ¥ the
transm Ssi on lter 47 (i.e. Teception band) as illustrated in FIG 18B by

Properd Ksiiflibh ﬁﬁewﬁ(ti._@.%éeyﬁ@é BARANGSI I fERAMERMIGOTSE REpsp&sRNdnAgemst i ¢ wave
resonator 50. The anti-resonance frequency of the second acoustic wave

reso n%ﬁfrﬁsggﬁﬁ@%fregﬁerﬁg b thQ seohli GAURNE WaleREoda}E sUPPeRe £ftidre@dnahfte bl ocki ng

band on t g requency side of the passband of the transmi ssion filter

A7 (1 - foquERS SP QB AARHdustio tvab AR or S0INRHe B 25RQ06hS Foadh&aBFer GRNNECT S
q
t he cance ircuit 40 between the transm ssion

of the blocking band on the high frequency side of the passband of the transmission filter 47 (i.e.

reception band) for example.

[0059] The second embodiment connects the cancel circuit 40 between the transmission

terminal Tx (input terminal) and the antenna terminal Ant (output terminal) as illustrated in FIG.

16A, but does not intend to suggest any limitation. The second embodiment may connect the

cancel circuit 40 between an arbitrary node and another arbitrary node in the transmission filter

47 in the same manner illustrated in FIG. 13A and FIG. 13B of the first embodiment. Two or

more cancel circuits 40 may be connected between the transmission terminal Tx and the antenna

terminal Ant.

[0060] In addition, the cancel circuit 20 described in the first embodiment may be further

connected to the duplexer to which the cancel circuit 40 has been connected. FIG 19isa
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termnal Tx (input termnal) and the antenna term nal Ant (output term nal)
as illustrated in FIG 16A, but does not intend to suggest any limtation.
The second enbodi nent may connect the cancel circuit 40 between an
arbitrary node and another arbitrary node in the transmssion filter 47 in
the same manner illustrated in FIG 13A and FIG 13B of the first

enbodi nent. Two or nore cancel circuits 40 nmay be connected between the
transm ssion termnal Tx and the antenna term nal Ant. [0060]In addition,
the cancel circuit 20 described in the first enbodi nrent may be further
connected to the duplexer to which the cancel circuit 40 has been

connected. FIG 19 is a diagramillustrating the dupl exer of the second
enbodidgnin flastinglhd dplanefthe sicombérhbai@naft té tvaichithiestanerrondiinhe ths
additionally connected. As illustrated in FIG 19, the cancel circuit 40 is

connegik#émbedinrRens hiditianiligromdcrdm Aalilvinited idFIChE9, tiiearaaes] skt ier m nal
Tx, and the cancel circuit 20 of the first enbodinent is further connected

bet weggnicbed aakem thelagfeAhRIMIARLA @R tHeraneaRfibh eiminal T, nal thedcanddhi s
configuration enables to inprove the degree of suppression in the blocking

band @pcuif™ b B fifst BEb@NSYNtSE dethef conhectaptsshesncdhofntédna wérimdmus Ainsaidahe fi | ter
47 (i.e. reception band), and to inprove the steepness of the cutoff

char a@éc%%ﬂi&xttéﬁniﬁﬂ t:he T dnriedencoadied & @fprbahpassharidugiredsivon i érept i on
filter 48. [0061] Furthernore, the first acoustic wave resonator 46 may have

t WO Ol |J¥RIE bhESSNAR GRshi FRUMRNGIR DI & fieshand bele trindlissichAfter UM (i s case,
t he degree of suppression can be further inproved in the bl ocking band on

the higRpfidEsraNayd i idprefe thdiRedpnssRanR @foft dardcleAprbbhe (w fredueaty 47 (i . e.
reception band). Third Enbodi nent
side of the passband of the reception filter 48.
[0061] Furthermore, the first acoustic wave resonator 46 may have two or more resonance
frequencies as described in FIG. 12A.  In this case, the degree of suppression can be further
improved in the blocking band on the high frequency side of the passband of the transmission
filter 47 (i.e. reception band).
Third Embodiment
[0062] A third embodiment improves a degree of suppression in a blocking band on a low
frequency side of a passband of a filter. The third embodiment aims to improve a degree of
suppression in the blocking band on the low frequency side of the passband of the reception filter
121 (i.e. transmission band) in FIG 14A. In this case, as the second embodiment is considered,
a signal path is formed so as to have an amplitude approximately equal to the pass amplitude of
the reception filter 121 and a phase almost opposite to the pass phase of the reception filter 121
in the transmission band, and is connected between the antenna terminal Ant and the reception
terminal Rx. The third embodiment describes a signal path that purposefully generates a signal

that has an amplitude approximately equal to a pass amplitude of a reception filter and a phase

almost opposite to a pass phase of the reception filter in the transmission band as a cancel path,
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[ 0062] A third enbodi nent i nproves a degree of suppression in a bl ocking
band on a | ow frequency side of a passband of a filter. The third

enbodi ment ainms to inprove a degree of suppression in the blocking band on
the |l ow frequency side of the passband of the reception filter 121 (i.e.
transm ssion band) in FIG 14A. In this case, as the second enbodi nent is
considered, a signal path is forned so as to have an anplitude
approximately equal to the pass anplitude of the reception filter 121 and a
phase al nost opposite to the pass phase of the reception filter 121 in the
transm ssi on band, and is connected between the antenna term nal Ant and
the reception termnal Rx. The third enbodi nent describes a signal path

t hat pud pesefitthhiyfomende airrs] gatlsagnahcdl katuihas an anpl i tude approxi mately
equal to a pass anplitude of a reception filter and a phase al nost opposite
to a paws] phaske diverlth iheaeaRition Revehls g tHernbbeddseribrd tatel pah baiist as a

cancel path, and a circuit that fornms the cancel path as a cancel circuit.
[ 006 3]fFae diviedt Rbugiciwive sésogabl ORNIG euaad & citdiatdiidiem alnguaingescr i bed cancel
path can be formed with an acoustic wave resonator. FIG 20A is a circuit

di agr amrhplhbSdah@l tiehi@PI(® ROBRIlGtNteS fiffltion iréstls bf anpliGude2BBratletistih 084 €S
sinmulation results of anplitude characteristics of a signal transmtted

t hr oughynkinganeAneathreligitMt tancdNdrclit Gnd #9G 10 iugdiraedseamdlhtion radulepfaesul ts of

a phase characteristic. In FIG 20B and FIG 20C, bold lines indicate the

anpl i tyge GhatRGHRT | $i FIK. 208 ahdBIP DOS St iR GA BE S the mplituldB ehah@iRtic
transmtted through the cancel circuit, and for conparison, thin |ines

i ndi cahg tehaRahiraeRBlid ddEe G0 86t Bliited thfoudh ehel dAfcdp aBcuiD habRr
characteristic of the reception filter 121 included in the dupl exer of the

first GRPRAOAL thiAiRS &M% théPadslalipfitudd tRFadietistit @hd #HDassphahblaceiiftiui t 60
i ncl udes capacitors 63 and 64 connected in series between an input

conneglifateRPfibi RerSid 1 3RdudA iR HeRiblek QYT i cobfatdti0R cRdnpl@ fAJ St acoustic
wave resonator 66 connected between a node 65, which is between the

capaci;fisite8 3n BIRE 264, 2 &Fe1Ri@6iP UM th AR BaGREPFHARICAUDhh&taliaN Serfel@Sonat or 67
connected in series between the node 65 and the capacitor 64. [0064] The
L:arkz t LREUR b SnpBVSInE&RAPRHRIN ABindRH ohifp8t SRREAYNFERAKRIECa HAY edu@RoNat or 67

wave resonator 66 connected between a node 65, which is between the capacitors 63 and 64, and

a ground, and a second acoustic wave resonator 67 connected in series between the node 65 and

the capacitor 64.

[0064] The first acoustic wave resonator 66 and the second acoustic wave resonator 67 make

the signal transmitted through the cancel circuit 60 have an amplitude approximately equal to a

pass amplitude of a reception filter and a phase almost opposite to a pass phase of the reception

filter in the transmission band. The capacitors 63 and 64 make input/output impedance of the

cancel circuit 60 high, and thereby reduce the amount of the signal flowing inte the cancel circuit

60.

[0065] As illustrated in FIG. 20B, a resonance frequency fr of the first acoustic wave

resonator 66 is set to a frequency higher than the reception band. An anti-resonance frequency

fa of the second acoustic wave resonator 67 is set to a frequency within the transmission band.
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the signal transmtted through the cancel circuit 60 have an anplitude
approxi mately equal to a pass anplitude of a reception filter and a phase
al nost opposite to a pass phase of the reception filter in the transm ssion
band. The capacitors 63 and 64 nake input/output inpedance of the cancel
circuit 60 high, and thereby reduce the anount of the signal flowing into
the cancel circuit 60. [0065]As illustrated in FIG 20B, a resonance
frequency fr of the first acoustic wave resonator 66 is set to a frequency
hi gher than the reception band. An anti-resonance frequency fa of the
second acoustic wave resonator 67 is set to a frequency within the

transm ssion band. This setting allows the signal transmtted through the
cancelThid deetitigtallo@s the shwetranmarngd|thiouglethaparcokdirmit @D yo kapeah atmplitude pass
anplitude of the reception filter 121 in the transm ssion band. In

addi t iapProxasatelly legisd tathe gadsamplitade 30 e rédeptighilse 101 it the trahgmiadiort baadsm t t ed

t hrough the cancel circuit 60 can be nmade to be al nbst opposite to the pass
phase 1ahddifien, 2 geptritedinf FIG BOC, 1:lptiae e e sihSaittenthbaugt thycasadit i ng t he
anti-resonance frequency fa of the second acoustic wave resonator 67 to a

f r equesneyit i) b4 Bk hitR tb baAsiHs6SpRBitdRALL piss Pighsp bahe rebpi@chiles 1St incde of
frequencies | ower than the resonance frequency fr of the first acoustic
wave reaaARteH baRl byledRgeld fiiletonahdd fro@wch &a af heBecdhd acodbi wxer in
accordance with the third enbodi nent that connects the above descri bed

cancelreghhtetlb? t@ﬁ&?bﬂ%ﬁﬁﬂﬁﬂt}ﬁ\:rtia‘ﬁélﬂﬂsibﬁbﬁﬁdﬂﬁing%dse&hﬁ@@t%ﬁﬁtid@I‘(Lft ermnal of
t he dupl exer. [0066] FI 21A is a circuit diagramof the duplexer in

accor dedashcMsbwdriBant thé FedoRmbBOHEARAEy fr dNthe FréacdibBe Wal disbsratesesi aul ation
results of pass anplitude characteristics of a transmssion filter and a

r eceptde@iiptibh &l now Be Bliven 024 Bupl&Rk th ddeti@andeRAtic@E thiRiRsbodlidn tHade
characteristics of the transmssion filter and the reception filter in the

dupl exghn&ts thdigbdvB UL ri8ePQMLAR M uit 80BethOén HOMRALL 8PMinal MMd debdpeidni ndi cat e
the pass anplitude characteristics of the transm ssion filter and the

recepq&gnnﬁgkﬂﬁqu?x&he dupl exer of the first conparative exanple. As
illustrated in FI 21A, the duplexer of the third enbodi nent includes a

transnheggon irid.tz%isl%ci@&m&&grﬁﬂ obﬁk\aﬁ@_@xérh@a@:@mﬂe&wﬁ@ﬂmtﬁw& Ant and the

transm ssion termnal Tx, a reception filter 69 connected between the

ant enngyo@fnenahd At 23411kt 8BRMlARedufS BT AL affslituddchafachRisGdligTg Circuit
70. The transmission filter 68, the reception filter 69, and the matching

cir Cuiﬂ:anzrﬁis!ss@y%ntemdsdlaf@&pﬁ&mhitgur &t FoNS 118 Dol %8 ifficdd$ast hapswissi on filter

120, the reception filter 121, and the matching circuit 122 of the first
co mar@%fgg@ri&ﬁ B tlahdHREiERERE: dn e eepBfn iRBGN U RIpRxELSGRE Biddon ther eof

is om
embodiment, and for comparison, thin lines indicate the pass amplitude characteristics of the
transmission filter and the reception filter in the duplexer of the first comparative example. As
iltustrated in FIG. 21A, the duplexer of the third embodiment includes a transmission filter 68
connected between the antenna terminal Ant and the transmission terminal TX, a reception filter
69 connected between the antenna terminal Ant and the reception terminal Rx, and a matching
circuit 70.  The transmission filter 68, the reception filter 69, and the matching circuit 70 have
the same configurations as those of the transmission filter 120, the reception filter 121, and the

matching circuit 122 of the first comparative example illustrated in FIG. 8A, and thus a

description thereof is omitted.
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[ 0067] The i nput connection portion 61 of the cancel circuit 60 is connected
to a node between the series resonator S21, which is |located closest to the
antenna term nal Ant anong the resonators of the reception filter 69, and
the antenna term nal Ant. The out put connection portion 62 of the cancel
circuit 60 is connected to a node between the series resonator S24, which
is located closest to the reception termnal Rx anong the resonators of the
reception filter 69, and the reception term nal Rx. The above configuration
all ows the cancel circuit 60 to be connected in parallel to the reception
filter 69 between the antenna term nal Ant and the reception term nal RX.
The cancel circuit 60 has the sane configuration as the one illustrated in
FI G 20¢%7]and Théupuecodastivh pbition 6l vétheakndes ciemit d0de cofr@@68icsnaliescr i bed f or
FIG 20B and FIG 20C, the resonance frequency ft of the first acoustic
wave rnReeRakies sefbs icSorai S2 0, vehith Bdoangdyldieg hethetah@nnd feeninaiceptaimong thend. The
anti-resonance frequency fa of the second acoustic wave resonator 67 is set
to a freRAMeRCH (W febdphioh fittel 690 AKMIHS ShieNndiansinal e, ablveauitpatcbhmgti@nabl es t he
signal transmtted through the cancel circuit 60 to have an anplitude

appr oxjordned Yo fehédncd] Rirtdi 6PRTBnRIRAItd Weledoietdid theseips reatnatdrl S2dy wilibh and a
phase al nost opposite to the pass phase of the reception filter 69 in the

t ransmi fehed claddio tRHRkeftdh&ernasal IRX drsdnp aliee@sdnatord &F R Beeptive fileceptahdn
signal in the transm ssion band can be cancel ed out by the signal

t ransnhd fegshtioRt@uGM RRE TAOEIRIve CbiifediirdticBQlloRs thetcheeetiigii@es0ab bs uppkeassi on of
the reception filter 69 in the transm ssion band can be inproved. [0069]In

addi t i;RRaraB8 tb 'Elférr%@?ﬁoﬁ Altérvchi @ thoserdh tdrenal RaEAItEAretétion terfithal S
suppressed becau he capacitors 63 and 64 are connected in series between

the i nput BRAARE! LigitIiHak AR Bhe 305K RkitRHtas 8RYNE EluseRe@af FIPD0AZnaf t he
cancel circuit 60. Furthernore, only the frequencies near the transm ssion

band sﬁﬁg§a&wﬁwﬁﬁqgg&ﬁqp&qhkuon under which the signals transmtted through
the reception filter 69 and the cancel circuit 60 cancel out each other,

and otjhggsif r e%%@s‘dn%éd fRIFG, 208 SatFie 200 he reansrk (egRdicy T theltvys, the
change of the filter characteristic that changes the passband wdth is not

??Iuts g?ac%%—slﬁl%émeafgg E‘)%Igréag‘%tre @y 6dt kO fefudnbLhRASIRANGe Wictitibn®and heTHeeCept i on
anti-resonance frequency fa of the second acoustic wave resonator 67 is set to a frequency within
the transmission band. The above setting enables the signzﬂ transmitted through the cancel
circuit 60 to have an amplitude approximately equal to the pass amplitude of the reception filter
69 and a phase almost opposite to the pass phase of the reception filter 69 in the transmission
band. Therefore, as illustrated in FIG. 21B, the reception signal in the transmission band can be
canceled out by the signal transmitted through the cancel circuit 60, and the degree of
suppression of the reception filter 69 in the transmission band can be improved.

[0069] In addition, an increase in insertion loss of the reception filter 69 is suppressed
because the capacitors 63 and 64 are connected in series between the input connection portion 61
and output connection portion 62 of the cancel circuit 60. Furthermore, only the frequencies

near the transmission band satisfy a cancel condition under which the signals transmitted through

the reception filter 69 and the cancel circuit 60 cancel out each other, and other frequencies fail
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[0070] The third enbodi nent configures the connection of the input
connection portion 61 and out put connection portion 62 of the cancel

circuit 60 so that the cancel circuit 60 is connected in parallel to a part
of the resonators constituting the reception filter 69 as illustrated in
FIG 21A. The cancel circuit 60 includes the first acoustic wave resonator
66 connected between the node 65, which is between the input connection
portion 61 and the output connection portion 62, and a ground, and the
second acoustic wave resonator 67 connected in series between the input
connection portion 61 and the output connection portion 62. The above
configuration can suppress an increase in loss in the passband and a

r educt eiisfyrthé bearcplasadiaog Wldishthe alvthge oprheWidtet dheradegistiethaf changeptlessi on in

t he bl ocking band on the | ow frequency side of the passband of the

r eceplph@Bardd WideH is@8t daus@. Tharfit,astdrtibaidhe byssmdpedihyf et béapgot he
resonance frequency of the first acoustic wave resonator 66 and the

ant i - FegpeRRGEpfregauency of the second acoustic wave resonator 67. [0071] To
i nprove the degree of suppression in the bl ocking band on the | ow frequency
si de gfioohe pEBsHAEdn®bdiat é(ﬁlﬁ?@eﬁ o2 chhhdeabn 6©thé inpet canhedtisiipsgioasiband)

t he resonance frequency of the first acoustic wave resonator 66 and the

ant i - RS NPACHNHEEAH BBEIN BL of IR ERGDOBICLRBILBtha tdaBed] EBQIBEME 67 are
preferably set so that the signal transmtted through the cancel circuit 60

has aRomiERich inPfadRs QariBE Bk YesORigk chidtitiing RSB cpiph filted®d Bfillidacdacept i on
filter 69 and a phase al nost opposite to the pass phase of the reception

filteri@21ian ting chh@E&iddd chanduds thd st RVadticarive ReYnfords @hnddi@ passband of
the reception filter 69 (i.e. transm ssion band). For exanple, as described

for FlyGwedRBhe ddag 68nhick RIRAARE thel ihBRWEBRAEX O pdriien SEEMNEHe acPUSt i ¢ wave
resonator 67 is preferably set to a frequency within the blocking band on

the | Q}ﬁ\hﬁe&s&pga%n 87 38d Qfordhg, RRAIBORAEhDicol iR WRESRLIAB: 47 donBEt&SBin(1 - €.
transm ssi on band), or a frequency |ower than the bl ocking band

(tr ans@iisHeRteh ANGhputESRRELS bittioh BE adihk ol@RPERRERIch pBAIKAKRY The t he second
acoustic wave resonator 67 is nore preferably set to a frequency within the

bl oc kiaBQve%ﬂﬁF@ﬁti&b@dnlsgﬁbrfagseaﬂﬁﬁd?@éée 5 M6 itk apsiiang bNa RADEon il IR r esonance
frequency of The first acoustic wave resonator 66 is preferably set to a

fr equ‘j)agslsam e, ahdaRpbRematired @ﬁs‘ﬁ?ﬁt‘%&%@oﬁ ERLSIBENnPbantilkd tBepANd acousti c

wave resonator 67, nore preferably to a frequency higher than the bl ocking

band g bRy QW ok IRPHEBEYD S HEreRipti§1RAES RRNFalin R vaR®RRY ilter 69
(trangﬁﬁssi%ﬁ bgnd)?ﬂand fufthgﬁl%reférablg toaa #requgncy ﬁ?@%ﬁ& t han t he

gas S b%%n% HRGERhhRR f{%ﬁﬂmcy oF teRst G RatL ig@@e Fdsbid £t 6@%nd BROAEL IRt dai 1 d

nmbodi ment connects e cancel circuit 60 between the antenna term nal Ant

(i nputfregﬁérgw@{we B LBSISHE GaRE JeSthaldis7i Nal Rx (output terminal) as
illustrated in FIG 21A, but does not intend to suggest any limtation. The

third gﬁ??iidi M0 tmPRYe £ %@g&% ggggﬁpﬁegt?ﬁgin 1hit bloMlihg BhIRBIHERAY RBRARI ddearl Y

node not her arbitrar reception filter 69 as described for

AL R e RGOS 00 R o 1
receptd N LRHE WAL rdRnator 66 and the anti-resonance frequency of the second acoustic wave
resonator 67 are preferably set so that the signal transmitted through the cancel circuit 60 has an
amplitude approximately equal to the pass amplitude of the reception filter 69 and a phase almost
opposite to the pass phase of the reception filter 69 in the blocking band on the low frequency

side of the passband of the reception filter 69 (i.e. transmission band). For example, as

described for FIG. 20B, the anti-resonance frequency of the second acoustic wave resonator 67 is
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[ 0073] The cancel circuit 20 described in the first enbodi nent and/or the
cancel circuit 40 described in the second enbodi nrent may be additionally
connected to a duplexer to which the cancel circuit 60 is already
connected. FIG 22A is a diagramillustrating the duplexer of the third
enbodi nent to which the cancel circuit 20 of the first enbodinent is
connected, and FIG 22B is a diagramin which the cancel circuit 40 of the
second enbodi nent is additionally connected. As illustrated in FIG 22A,
the cancel circuit 60 is connected between the antenna term nal Ant and the
reception termnal Rx, and furthernore the cancel circuit 20 of the first
enbodi nent is connected between the antenna term nal Ant and the reception

t er m padfertXly sdih a fiRQEMRY SO @ bRELIAS banbd] @8 1dvwfritquenovedd dfehspaspness of
the cutoff characteristic on the |ow frequency side of the passband of the

receplor 83 rbdeblig 1RG 69Ni.adfhtrhRElof Barldyor deigRenco flovdt piRhaBsbiockihdibdnde
bl ocki ng band on the | ow frequency side of the passband of the reception

fi |t erfQnfdsiod bahdAN$Wh&RIIYNNO AR Hesordficd frbdifehéyadfank tedorkd LoustkBravthe cancel
circuit 40 of the second enbodinment is additionally connected between the

ant enpach Q6B NRImAL Bre@é?%_ll_% B 14 & BBGIELSSWARINURE Blbflahg Handion thd@wlijuessr
configured as FIG 22A e above configuration enables to also I nprove the

degr egigfraHRMRRHaA. | ThE REoPdnRE kb EnBRHTN S first B&UBGORNaVer rebnede ¥ &i de of
t he passband of the transm ssion filter 68 (reception band). Fourth

Enbodi etk Q08 b eGuerd 3 Aidhsr Barfihe aHiiresBhARE FFyRIncRAMPLRUAY addds@ecor dance
wth g second conparative exanple, and FIG 23Bis a circuit diagramof a

dupl e‘%rve kRGOS %?@%r\éfeffe{%lyatofa%qh&c%ﬁ@@ﬂf A the WSckirg agd baERdoWN FI G

23A, the duplexer of the second conparative exanple uses a four-stage
! adderffehuaﬁy]gf_dﬁ)ﬂhef Qlsband SAASFL§RR _rﬁlhfef kg %gafagﬁio@eg@, S fodieRge
er .

| adder-type’ fi or a reception filter e transm ssion filter 135

i ncl U%ﬁe?er%ﬁl it@ﬁ_fﬁeﬁé&%@f‘{m%&& R (b ?55@9&91'3 RE3ptiA PR @beptigs @Aty s P11 and

P12. e recCeptio 136 i ncludes series resonators S21 through 524,

and pel‘g(?”‘bb el Tﬁé@l’ﬁﬂ%ﬂ%ﬁd%% LU 9theRamel Ji&itSR JeBiech @ROMRINAN fer@lid] t he

paraII esonators are surtface acoustic wave resonators. A matchi ng

L1 K GRS e Bl b s e et temIa. et i na

isolation i s connected

bet Weqf; el (ﬁgfain@ﬁﬁ\ﬁ@%géé? gnf%it@tﬁ)n. The third embodiment may connect the cancel
circuit 60 between an arbitrary node and another arbitrary node in the reception filter 69 as
described for FIG. 13A and FIG. 13B of the first embodiment. Two or more cancel circuits 60
may be connected in parallel between the antenna terminal Ant and the reception terminal Rx.
[0073] The cancel circuit 20 described in the first embodiment and/or the cancel circuit 40
described in the second embodiment may be additionally connected to a duplexer to which the
cancel circuit 60 is already connected. FIG. 22A is a diagram illustrating the duplexer of the
third embodiment to which the cancel circuit 20 of the first embodiment is connected, and FIG.
22B is a diagram in which the cancel circuit 40 of the second embodiment is additionally
connected. As illustrated in FIG. 22A, the cancel circuit 60 is connected between the antenna
terminal Ant and the reception terminal Rx, and furthermore the cancel circuit 20 of the first

embodiment is connected between the antenna terminal Ant and the reception terminal Rx. The
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resonator Sl11, which is |ocated closest to the transm ssion term nal Tx
anong the resonators of the transmssion filter 135, and the transm ssion
terminal Tx and a node between the series resonator S24, which is |ocated
closest to the reception term nal Rx anong the resonators of the reception
filter 136, and the reception term nal Rx. The cancel circuit 130 incl udes
acoustic wave resonators 131 and 132, and a nultinode type filter 133 that
are connected in series. An acoustic wave resonator 134 is connected

bet ween a node between the acoustic wave resonator 131 and the multinode
type filter 133 and a ground. Three acoustic wave resonators Rl through R3
formthe multinode type filter 133. The acoustic wave resonators 131, 132,
134, ap&veRlonfilirotiehenB8lcatotinfpudleakiestapaes o thewawd! ¢hagorratitr e thdhev cancel
circuit 130 for isolation is designed to allow a signal transmtted through

the cangednckidedt the balibhm dTaNEredshtiafmlitt 60l adpiichXxs MRtdesrte etiuppretstiorand a
phase al nost opposite to an anplitude and a phase of an isolation signal of

the dyplR¥edcki@SREEbh HRllYw fEhGenepBide 6t ihe Pabadd e teametios ifilledd (1.230 for
i solation inproves an isolation characteristic. [0076]As illustrated in

FI G 23Bsmik{16n B4t eX&¢ ilQbtrdiinfrRar 128, endradidrentuii 4uCd Besecond dnatRRithasi on
filter 87, a reception filter 88, and a matching circuit 89 that have the

same GOMdisHhaRYy EHASctAS bdthe&Ehe ntbRf bidns M 8hdihe fiahdrgiksidBRrminblery @cept i on
filter 136, and the matching circuit 137 of the second conparative exanple

r espegid yedker &m‘ﬁgﬁ‘l‘é@ las Cict 00At  BRe hisove CHIIRGELABNRAINIGAD aBo MAFRVOR{ween the
series resonator S21, which is |located closest to the antenna term nal

anong defige Bﬁﬁlgpékﬁmn%e bidekihe paRI I Re high iRGuBBy sRBEf ihdpakBirRiyTand er m nal
Ant and a node between the sefies resonator S24, which is | ocated cl osest

to the, h&hrRAbA Al @ (WcBationfReangaNd the reception term nal Rx. The cance
circuit 80 1ncludes an acoustic wave resonator 83 and a capacitor 84
conneGl.6fn EhLe8inicfe between an input connection portion 81 and an out put
connection portion 82. An acoustic wave resonator 85 and a first acoustic

wave g@@ﬁ@ at of1$63 /£, GRUMEGIS4 BEA lgﬁﬂ&e@ iNRLE-dRGIWEE N $d8n PEMpREdtGe Wav e

resonat or 83 and the capacitor 84 a a ground. Other configurations are

the SUEn AR 1ia56, 2fp itsla%jr%ﬁ?@l%gra _aausreixyﬁn%wa[mnee ithusbiated in FIG

23A, us a description théreof is omtted. [0077] Resonance frequencies

of th%@gﬁ@ﬁé&ﬁ.A@mastfa%&pm%ﬁe.rz%@%e% 138 Fife §8bnBWljackRBtkampibLg@h so

that t nction as a capacitor near the reception band of the reception

filter, 88 o %gaﬁeg-ﬁée%ﬁg%}g@raﬁmgsé&?ﬁf‘?&qg@,ran%@ ﬁ)éstggélﬁwb‘?—%pfe%lﬂef‘fb}r gde two

regi ons havi rent w dths and periods of electrode fingers o

comb- %Qéegﬁ& 81:&5BE0I8Re A iSRS 34 Wendid Bk eRtod &9 AN GRukh 8atENC €S,
The two t to f |

esonance TrequenC| es are se requencil es | ower than the guard

band %g&pgﬁpeltr&%nat%&%ﬁiagg g’ﬁ’?ndﬂ?er&gc%phgn Hi@nsIy iﬁﬁg%gfsmqe@aa@%_smi bed for

FI G nprove a cuto characteristic on a requency side of a

passb Zfﬂtglu gﬁs §ﬁlb Gnd gé{ﬁ'gl@él Lol fib st 188y gh "B L OMRE serftld r@s’@»#x&tbfs%ﬁ@ ﬂﬁ‘:’]ﬁfallfef equency

of th dcouStIc wave resonator 86 is set to a frequency wthin the

guard rQs?(')ggtoisrﬁré Qﬁfa%@g&umg\ye rgﬁ)%ﬁtroiré? e &thﬁhgcirgﬁt 137 includes the inductor

L1 connected between the antenna terminal Ant and a ground.

[0075] A cancel circuit 130 for isolation is connected between a node between the series
resonator S11, which is located closest to the transmission terminal Tx among the resonators of
the transmission filter 135, and the transmission terminal Tx and a node between the series
resonator S24, which is located closest to the reception terminal Rx among the resonators of the

reception filter 136, and the reception terminal Rx.  The cancel circuit 130 includes acoustic
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[0078]FIG 24 is a plan view of a transmssion filter chip in accordance
with the second conparative exanple or the fourth enbodi nent. As
illustrated in FIG 24, the transm ssion filter chip of the second
conparati ve exanple has the sanme structure as that of the transm ssion
filter chip of the fourth enbodinment. In a transmssion filter chip 90, a
nmetal filmmade of Al is formed on a piezoelectric substrate 91 made of a
lithiumtantal ate substrate. The netal filmfornms resonators, a pad 92, and
wirings. A bunp 93 is formed on the pad 92. The pad 92 includes a pad Ant
connected to an antenna termnal, a pad Tx connected to a transm ssion
termnal, a pad Ghd connected to a ground, and a pad X connected to the

mul t i RREE rdsyRRokilkl eid 1¥3anf a mhRint@BEAIe filier ¢33 thatl:30 chrowcted al atieon.ArThe
resonators correspond to the resonators illustrated in FIG 23A and FI G

23B. [,08%49} Fhate redSAtdrd 38 igoaRecvddethodena Hode batveanthtiabdirric ehveresfnatone second
conparative exanple, and FIG 25B is a plan view of a reception filter of

the f Qg bhd SRBQMHXBM typAEltdrl 1130Shd algRindn Fhrés acdBdic wivededongeptRion fil ter
chip 94 of the second conparative exanple, a netal filmnade of A is

f or nedh@iglt R fRheBORRFhddeGy it N133.€ Bk d¥Beitic favardsbidiord Bt anpalsaf e
substrate. The netal filmforns resonators, the pad 92, and wrings. The

bunmp 934 RS thi@tER3 R sUBcRRBuDR walbespdo2 Thehtdegclihe3(pRdisdatiocnnect ed
to the antenna termnal, a pad Rx connected to a reception termnal, the

pads @adocANDanRsRd slRaBrB5AHRE thidfsh Re PAdeCik0i N80 thvt @n binpliRAOUSTi C wave
resonator 131 of the cancel circuit 130 for isolation. As illustrated in

- FI G 24Byrokindidl§ 88 BP4ndQbhhid d18bstWpbisid4o o a&ﬂﬂuﬂ@&f&%lﬁ@&(ﬁnmﬁtionm |

resonators and conponents that formthe cancel circuit 80 are further

formed; 0 dMge Al ele8sdctil @y.s UBRL doRh& 184 of the Rark@P@fduitaB0 &4 isc3atnpar asi tic
capacitor forned between the wirings. The resonators correspond to the

resonq%@ﬁﬁmggAHg&ﬁ@;ggﬁk&ﬂahg. 23A and FIG 23B. [0080] As descri bed above,
the resonator and the capacitor that fornms the cancel circuit 80 are forned

2 24t gﬁg@iteﬁg 0el\§SHisibied HPSIT. 8418, (AL dWMIERr biiBe PRIinMboRRRRRAIRMGeS21 t hrough
paral l el resonators P21 through P23 fornmed thereon. The above
confi gurahi.on, BRa2s depElVa 28, 4nd% HMBifx SiFcuit 89 that have the same
configurations as those of the transmission filter 135, the reception filter 136, and the matching
circuit 137 of the second comparative example respectively. A cancel circuit 80 is connected
between a node between the series resonator S21, which is located closest to the antenna terminal
among the resonators of the reception filter 88, and the antenna terminal Ant and a node between
the series resonator S24, which is located closest to the reception terminal Rx, and the reception
terminal Rx. The cancel circuit 80 includes an acoustic wave resonator 83 and a capacitor 84
connected in series between an input connection portion 81 and an output connection portion 82.
An acoustic wave resonator 85 and a first acoustic wave resonator 86 are connected between a
node between the acoustic wave resonator 83 and the capacitor 84 and a ground. Other
configurations are the same as those of the second comparative example illustrated in FIG. 234,

and thus a description thereof is omitted.

[0077] Resonance frequencies of the acoustic wave resonators 83 and 85 are set sufficiently
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[0081] FIG 26A through FIG 26C are plan views of a multilayered substrate
on which the transmssion filter chip and the reception filter chip of the.
second conparative exanple or the fourth enbodi nent are nounted. FIG 26A
is atop view of a die attach layer on which the transmssion filter chip
and the reception filter chip are flip-chip nmounted, and illustrates the
transm ssion filter chip and the reception filter chip transparently. FIG
26B is a top view of a foot pad layer. FIG 26C is a bottomview
illustrating the foot pad |ayer transparently. As illustrated in FIG 26A,
a wring 96 nmade of a nmetal such as copper is formed on a top surface of a
die attach |l ayer 95 nade of an insulating material such as ceramc. The

t r ans i ghsoQhet ihdytfetictiohiapa Odpasindt nelehe ecepiondand of thereceftion f8¢r 8. Tlace- down
nounted on the wiring 96 with the bunps 93. Awring 96a for a cancel

Ci I cuiffrst@tQAGtE Watd feyorR@N 8664 desidied aciatiadd tvorayieny lesamnatifferedi3didthoead ed on
the transmssion filter chip 90 to the multinode type filter 133 | ocated on

the r egfdsid@RlckirbdeeingeRiod cOdb-shapétl @leBifodes, and\ting hantwhdicareat redrahcepi er ci ng
through the die attach layer 95 is enbedded. [0082]As illustrated in FIG

26B, @eglidricng. IPhdmAGeDhaiteMRigabncidd e @8todBpecidsdowarthatthopuad bapl surf ace
of a foot pad | ayer 98 nade of an insulating material such as ceramc. The

Vi a 9%efieeh Bic8edpliE®bgil dhb ehedi-Msiatskiag bahdysates@bel Sordll6cIX todaploye aonnect ed
to the wiring 99. Avia 100 is a via in which a netal piercing through the

foot pagml d¥REefSid dh LI0REERR6hcy[sRREIhATssbhil disttth@eeeption (ib£B8.20orebte, Vi a
100 piercing through the foot pad |layer 98 is electrically connected to a

f oot Bﬁ%tl—@ésoﬁﬁfc%@?@ﬂcﬁoﬁﬁé HehedtkfiateyObsdnar oot sep@d frayeicySfthidhe f oot
pad 101 includes a foot” pad Ant connected to the antenna termnal, a foot

pad ThEARRPEANAGn R shile nfahABRISHLOM tIer oBnal , a foot pad Rx connected to
the reception termnal, and foot pads Gid connected to a ground.
[0078] FIG. 24 is a plan view of a transmission filter chip in accordance with the second
comparative example or the fourth embodiment.  As illustrated in FIG. 24, the transmission
filter chip of the second comparative example has the same structure as that of the transmission
filter chip of the fourth embodiment. In a transmission filter chip 90, a metal film made of Al is
formed on a piezoelectric substrate 91 made of a lithium tantalate substrate. The metal film
forms resonators, a pad 92, and wirings. A bump 93 is formed on the pad 92.  The pad 92
includes a pad Ant connected to an antenna terminal, a pad Tx connected to a transmission
terminal, a pad Gnd connected to a ground, and a pad X connected to the multimode type filter
133 of the cancel circuit 130 for isolation. The resonators correspond to the resonators
illustrated in FIG. 23A and FIG. 23B.
[0079] FIG. 25A is a plan view of a reception filter chip of the second comparative example,
and FIG. 25B is a plan view of a reception filter of the fourth embodiment. ~ As illustrated in FIG.
25A, in a reception filter chip 94 of the second comparative example, a metal film made of Al is

formed on the piezoelectric substrate 91 made of a lithium tantalate substrate. The metal film

forms resonators, the pad 92, and wirings. The bump 93 is formed on the pad 92. The pad 92
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[0084] FIG 27 is an expl oded perspective view illustrating a package. As
illustrated in FIG 27, a cavity layer 103 nade of an insulating materi al
such as ceramic is formed on a multilayered substrate 102 including a die
attach layer and a foot pad layer. A cavity 104 is forned at a center part
of the cavity layer 103. The transm ssion filter chip 90 and the reception
filter chip 94 are flip-chip nounted on the nultilayered substrate 102. A
lid 105 made of a netal is bonded on the cavity layer 103. This allows the
transm ssion filter chip 90 and the reception filter chip 94 to be seal ed
in the cavity 104 hernetically. The above configuration enables to obtain a
package 106 in which the transm ssion filter chip 90 and the reception
filtelinditieptRdadnat canmaitedto thOBBEIRItGmi2B A pdd Ristanatesd treaseepoent results
of filter characteristics of the duplexers of the second conparative
exanph@maid thgads Ghdtdonesrkads agriund amd afdaBY @8Redtdd tushe mbesicveasur enent
results of isolation characteristics. In FIG 28A and FIG 28B, thin lines
i ndi ¢ adsendBABUr EMRNant& Slibiis 1 30 fot Relagesonsk tlosgpacdini e 2@ Baimhe receptibnbol d

i nes indicate nmeasurenment results of the fourth enbodinent. FIG 28A and

FIG 288 &8y 9abf thh@burthhentfoditidn, Aok indicomponds thitdosit hepmess of the
cutoff characteristic on the |ow frequency side of the passband of the

r eceplciremt §0 b ErtiRB fandd bh thestiepprREss sobstale® 1i sThatdpacitai8ariaspandisd i ¢ in
| ow frequencies within the guard band conpared to the second conparative

exanp |c§pa*éﬁ§laﬂéﬁﬁed)$et\tv&¢1 tB@WGRlgs Ci ThdbetonBreautiesdnddo trtra@amotstiBusintednna
termnal Ant and the reception termnal Rx. [0086] The first through fourth

enmbodi;ent 334qa8 Fidpesgxenpl ary dupl exers for North American PCS with a
transm ssion band of 1850 to 1910 MHz and a reception band of 1930 to 1990

Mz, leogeyer . Ak eRab&ridi, TRdeSorRtR aAdP el capditr thex Ok @BX edrteliiic0d 80t her
transm ssion bands and reception bands. For exanple, these enbodinents are

appl i GAbfEmEPoFHIR p%6HISctfiOSubSRhth Yl ithINSIIRY Wisdditdrs B2 RihsdighS2oandaRd of 824

to 849 MHz and a reception band of 869 to 894 MHz.
parallel resonators P21 through P23 formed thereon. The above configuration enables to
downsize the duplexer.
[0081] FIG. 26A through FIG. 26C are plan views of a multilayered substrate on which the
transmission filter chip and the reception filter chip of the second comparative example or the
fourth embodiment are mounted. FIG. 26A is a top view of a die attach layer on which the
transmission filter chip and the reception filter chip are flip-chip mounted, and illustrates the
transmission filter chip and the reception filter chip transparently. FIG. 26B is a top view of a
foot pad layer. FIG. 26C is a bottom view illustrating the foot pad layer transparently. As
illustrated in FIG. 26A, a wiring 96 made of a metal such as copper is formed on a top surface of
a die attach layer 95 made of an insulating material such as ceramic. The transmission filter
chip 90 and the reception filter chip 94 are face-down mounted on the wiring 96 with the bumps
93. A wiring 96a for a cancel circuit electrically connects the acoustic wave resonator 131

located on the transmission filter chip 90 to the multimode type filter 133 located on the

reception filter chip 94. A via 97 is a via in which a metal piercing through the die attach layer
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[0087]In addition, the first through fourth enbodi ments describe the
recepti on band hi gher than the transm ssion band. That is to say, when a
first filter is the transmssion filter or the reception filter, whichever
has a | ower passband, and a second filter is the other one that has a

hi gher passband, the first through fourth enbodi nents describe the first
filter as the transmssion filter, and the second filter as the reception
filter. However, the transm ssion band may be higher than the reception
band. That is to say, the first filter may be the reception filter, and the
second filter may be the transm ssion filter. Therefore, when the first
filter is connected between the antenna termnal and the first term nal and
t he segqpgnkddit€r i s connected between the antenna term nal and the second
termnal, the first and third enbodi nents connect the cancel circuits 20

and 6%@&5\/\66%91%@@& B, D6, M idihe 89 ¢hatb of $aeeNdichak tippal is fantkdtonea second
enbodi nent connects the cancel circuit 40 between the antenna term nal and

the f it6€}§§urfa@5 8 Dot pddARR8HE Made et 4 PBulatidpendibriag budhis@u@hid. ourtelvigrbodi ment s
i nprove the steepness of the cutoff characteristic on the |ow frequency

si de g)fier&ihgtﬁmﬁﬁ@&heﬁﬁa&n@ms ARG Al coHRPIASSIe RVl 9918 Dliaaki i band
of the transm ssion filter or reception filter that fornms the dupl exer

HOWev &, intyiRSiEa %@Q@ﬁe%tﬁr@@ﬁﬂﬁ%&iﬂé@hﬁyﬁr d®isfehlbb@cg. ot her than the

reception filter and the transm ssion filter. Fifth Enbodi nent [0089] A

fift hé@%gdi MR dsRaidl iE MRS @ e ﬁQWPie&@ﬁ%lﬁfbdﬁB% Bot fa@dlaylenog i4des any one

of th | exers of the first through fourth enbodi nents. FIG 29 is a

bl ock eﬁjeicﬁg:raﬁﬁbéﬂnle&ga %aat %)ggpe{ﬂh@@ THMEIGRL R oAREHE & &fihd 36t fddflhfer eBboOdi ment .

As illustrated I n Fl , conmuni cati on nodul e i ncl udes ‘an ant enna

107, e%&gtﬂﬁrﬁ 30 P Wchabs 188¢ pa AMRLENRIdRG e 2hBBna RRHinAN 2 2R Ipkd rer nodul e

110. € Co nication nodule is an RF (Radi o Frequency) nodule for nobile

phone ébn%e(?:red;&; ﬁ{m{aﬂFm%Eﬁgn %éf.iﬁ%ﬂfa[ LFodtMRd Ry JTRA&IGREMNLERbORABRNASS such as
oba e Co

GSM ( stem for Mobi nmuni cati on) (registered trademark) and

W CDVA, ! | Vi.Si Mul tipl e Access). The antenna 107 can
trans moét\%gﬁgﬁgg%@gg@%g#I‘g}ng&hal s of GSM and W CDVA.

[0084] FIG. 27 is an exploded perspective view illustrating a package. As illustrated in FIG.
27, a cavity layer 103 made of an insulating material such as ceramic is formed on a multilayered
substrate 102 including a die attach layer and a foot pad layer. A cavity 104 is formed at a
center part of the cavity layer 103. The transmission filter chip 90 and the reception filter chip
94 are flip-chip mounted on the multilayered substrate 102. A lid 105 made of a metal is
bonded on the cavity layer 103.  This allows the transmission filter chip 90 and the reception
filter chip 94 to be sealed in the cavity 104 hermetically. The above configuration enables to
obtain a package 106 in which the transmission filter chip 90 and the reception filter chip 94 are
mounted.

[0085] FIG. 28A illustrates measurement results of filter characteristics of the duplexers of
the second comparative example and the fourth embodiment, and FIG. 28B illustrates
measurement results of isolation characteristics. In FIG. 28A and FIG. 28B, thin lines indicate

measurement results of the second comparative example, and bold lines indicate measurement
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[ 0090] The dupl exer bank 109 i ncl udes dupl exers 109a t hrough 109c. The

dupl exers 109a through 109c are dupl exers that support respective

comuni cati on nethods. The antenna switch 108 sel ects the dupl exer that
supports the comuni cation nethod of a signal to be transmtted or received
anong the dupl exers included in the duplexer bank 109, and connects it to
the antenna 107. The dupl exers are connected to the anplifier nodule 110.
The anplifier nodule 110 anplifies the signals received by the reception
filters of the duplexers 109a through 109c, and outputs themto the
processing unit. In addition, the anplifier nodule 110 anplifies the signal
generated by the processing unit, and output it to the transmssion filters

of t heedupbeke fsurthQBdoliineau g FIGOR andFAGGBAeveat dat tharfeurdf enttdimeml exer s
109a through 109c is any one of the duplexers of the first through fourth

enbodi; KBk Ss thd BleSpriald (TWife @Roft BrHrRAG R Bn HRISwifRqldiey pids sDmb gasbighdaf
reduction in the passband wdth to be suppressed, and the cutoff

char a(iﬁ@ﬂ'ebegtflbﬁ fifBr gm&tﬁé’\ét@ép%%%@%é isdignhataberipRss hondeqfentibewlthint er to
be steep his allows an increase in loss in the passband and a

reduc ttlllé)@J atddnB %oﬂﬁﬁ%@ e WURhA cdBp PRI EURRN PR PeEhus@Btth B celagicaie 3Of
suppression in the bl ocking band on the | ow frequency side or the high

frequepfyeciidderibn Eﬁ%n%ﬁ§%ﬂﬁ'\&pﬁnttam§ tfd redepioh @rMmal RRr oved. The
comuni cat1 on nodul e may be nounted in an el ectronic device such as a

wi el egsgch AN (hORRI thANRA IIRINGRIOm et PRSI X HPIPHGHexeAiTEr HoflDA (Per sonal
Di giti? A25|stant) L%gZ]Although t he gnbodlnents lgﬂthe present invention

e RGeS e 00 0 b g

depar tigh8 MHLMHREvEP iHekd eRRhiRGRPSre @pplidaBleitd YN bt lusing other transmission
bands and reception bands. For example, these embodiments are applicable to duplexers for
Cellular system with a transmission band of 824 to 849 MHz and a reception band of 869 to 894
MHz.
[0087] In addition, the first through fourth embodiments describe the reception band higher
than the transmission band. That is to say, when a first filter is the transmission filter or the
reception filter, whichever has a lower passband, and a second filter is the other one that has a
higher passband, the first through fourth embodiments describe the first filter as the transmission
filter, and the second filter as the reception filter. However, the transmission band may be
higher than the reception band. That is to say, the first filter may be the reception filter, and the
second filter may be the transmission filter. Therefore, when the first filter is connected
between the antenna terminal and the first terminal and the second filter is connected between
the antenna terminal and the second terminal, the first and third embodiments connect the cancel
circuits 20 and 60 between the antenna terminal and the second terminal, and the second

embodiment connects the cancel circuit 40 between the antenna terminal and the first terminal.

[0088] In addition, the first through fourth embodiments improve the steepness of the cutoff
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CLAIMS What is clainmed is: 1. Afilter conprising: acoustic wave resonators
connected between an input term nal and an output term nal; and a
cancel circuit including an input connection portion and an out put
connection portion connected so that the cancel circuit is connected in
parallel to at |l east a part of the acoustic wave resonators, wherein
the cancel circuit includes a first acoustic wave resonator connected
bet ween a node between the input connection portion and the out put
agnneption portion and a ground. 2. The filter according to claiml1,

erein

characteristic on the low frequency side of the passband of or the degree of suppression in the
blocking band of the transmission filter or reception filter that forms the duplexer. However,

those embodiments are applicable to filters other than the reception filter and the transmission

filter.
Fifth Embodiment
[0089] A fifth embodiment is an exemplary communication module that includes any one of

the duplexers of the first through fourth embodiments. FIG. 29 is a block diagram illustrating a
communication module of the fifth embodiment.  As illustrated in FIG. 29, the communication
module includes an antenna 107, an antenna switch 108, a duplexer bank 109, and an amplifier
module 110. The communication module is an RF (Radio Frequency) module for mobile
phones, for example, and supports two or more communication methods such as GSM (Global
System for Mobile Communication) (registered trademark) and W-CDMA (Wideband Code
Division Multiple Access). The antenna 107 can transmit and receive both signals of GSM and
W-CDMA.

[0090] The duplexer bank 109 includes duplexers 109a through 109¢c. The duplexers 109a
through 109c¢ are duplexers that support respective communication methods. The antenna
switch 108 selects the duplexer that supports the communication method of a signal to be
transmitted or received among the duplexers included in the duplexer bank 109, and connects it
to the antenna 107. The duplexers are connected to the amplifier module 110.  The amplifier
module 110 amplifies the signals received by the reception filters of the duplexers 109a through
109c¢, and outputs them to the processing unit. In addition, the amplifier module 110 amplifies
the signal generated by the processing unit, and output it to the transmission filters of the

duplexers 109a through 109c.
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the first acoustic wave resonator has an anti-resonance frequency that is
set to a frequency within a transition band between a passband of the

filter and a bl ocking band on a | ow frequency side of the passband, and a
resonance frequency that is set to a frequency within the transition band
or a frequency lower than the transition band. 3. The filter according to

claim1l or 2, wherein the cancel circuit includes a capacitor or an
acoustic wave resonator that is connected in parallel to the first acoustic
wave resonator. 4. The filter according to claim1, wherein t he

first acoustic wave resonator has a resonance frequency that is set to a
frequency wthin a bl ocking band on a high frequency side of a passband of

the fifbo®rn. 5atTdaet dniclof @ dapleEdil 0% thevugh A098 i4 anybier Fitlie duplexers dffte fir st
acoustic wave resonator has a resonance frequency that is set to around a

f r equemGYthiddgh fdusthWhibBlihenfte ThRGKLRY abafetadintihie iMikghadsbaqigney si de of
t he passband and at which a pass phase of the filter reverses.
reduction in the passband width to be suppressed, and the cutoff characteristic on the low
frequency side of the passband of the filter to be steep. O, this allows an increase in loss in the
passband and a reduction in the passband width to be suppressed, and the degree of suppression
in the blocking band on the low frequency side or the high frequency side of the passband of the
filter to be improved. The communication module may be mounted in an electronic device
such as a wireless LAN (Local Area Network), a personal computer, and a PDA (Personal Digital
Assistant).
[0092] Although the embodiments of the present invention have been described in detail, it

is to be understood that the various change, substitutions, and alterations could be made hereto

without departing from the spirit and scope of the invention.
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6. The filter according to claim1, wherein the cancel circuit

i ncl udes a second acoustic wave resonator connected in series between the
i nput connection portion and the output connection portion, t he
second acoustic wave resonator has an anti-resonance frequency that is set
to a frequency within a bl ocking band on a | ow frequency side of a passband
of the filter or a frequency |ower than the bl ocking band, and t he
first acoustic wave resonator has a resonance frequency that is set to a
frequency higher than the anti-resonance frequency of the second acoustic
wave resonator. 7. The filter according to any one of clainms 1 through 6,
wher ei n the cancel circuit includes a capacitor or an acoustic wave
resonator that is connected in serigarhgt ween the input connection portion
and the output connection portion. 8.The filter according to any one of
clainms 1 through 7, wherein

What is claimed is:

1. A filter comprising:

acoustic wave resonators connected between an input terminal and an output terminal;
and

a cancel circuit including an input connection portion and an output connection portion
connected so that the cancel circuit is connected in parallel to at least a part of the acoustic wave
resonators, wherein

the cancel circuit includes a first acoustic wave resonator connected between a node

between the input connection portion and the output connection portion and a ground.

2. The filter according to claim 1, wherein

the first acoustic wave resonator has an anti-resonance frequency that is set to a
frequency within a transition band between a passband of the filter and a blocking band on a low
frequency side of the passband, and a resonance frequency that is set to a frequency within the

transition band or a frequency lower than the transition band.

3. The filter according to claim 1 or 2, wherein

the cancel circuit includes a capacitor or an acoustic wave resonator that is connected in

parallel to the first acoustic wave resonator.
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the first acoustic wave resonator has two or nore resonance frequencies.
9. The filter according to any one of clains 1 through 8, wherein the
cancel circuit includes a plurality of the first acoustic wave resonators
that have nutually different resonance frequencies. 10. The filter
according to any one of clainms 1 through 9, wherein the cancel circuit is
connected between the input termnal and the output term nal. 11. The
filter according to any one of clains 1 through 10, wherein a
plurality of the cancel circuits are connected in parallel to at |east a
part of the acoustic wave resonators. 12. A dupl exer conpri sing:

a first filter that is connected between an antenna termnal and a first

term nal ang, i nclTideBlieaaissdih€ tordim I, ederat or s; a second filter
that is connected between the antenna term nal and a second term nal,

i ncl udes ac@idgtritcNRYe WalsSRBGMrHhas ARGoRAse ferREShARIS bitghefrequeaty a
passband of the first filter; and

within a blocking band on a high frequency side of a passband of the filter.

5. The filter according to claim 4, wherein
the first acoustic wave resonator has a resonance frequency that is set to around a
frequency that is within the blocking band on the high frequency side of the passband and at

which a pass phase of the filter reverses.

6. The filter according to claim 1, wherein

the cancel circuit includes a second acoustic wave resonator connected in series between
the input connection portion and the output connection portion,

the second acoustic wave resonator has an anti-resonance frequency that is set to a
frequency within a blocking band on a low frequency side of a passband of the filter or a
frequency lower than the blocking band, and

the first acoustic wave resonator has a resonance frequency that is set to a frequency

higher than the anti-resonance frequency of the second acoustic wave resonator.

7. The filter according to any one of claims 1 through 6, wherein
the cancel circuit includes a capacitor or an acoustic wave resonator that is connected in

series between the input connection portion and the output connection portion.

8. The filter according to any ene of claims 1 through 7, wherein
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a cancel circuit that includes an input connection portion and an out put
connection portion connected so that the cancel circuit is connected in
parallel to at |east a part of the acoustic wave resonators included in the
first filter or to at least a part of the acoustic wave resonators included
in the second filter, wherein the cancel circuit includes a first
acousti c wave resonator connected between a node between the input
connection portion and the output connection portion and a ground. 13. The

dupl exer according to claim 12, wherein the cancel circuit is
connected in parallel to at least a part of the acoustic wave resonators
included in the second filter, and the first acoustic wave resonator

has an anti tHegRenRoGec .06 teaeiortagtwo sr ek résonanck fiequewy. Wi t hi n a guard
band between a passband of the first filter and a passband of the second
filter, and a resonance frequency that is set to a frequency within the
guard band or a frequency |ower than the guard band. 14. The dupl exer
accordi ng t9.0|aimh&ﬁhmwb@ﬂ@h?toanyoneofdamﬁahmﬁhghmcahaﬁmis connected in
parallel to at | east a part of the acoustic wave resonators included in the
first filtegfnhe @R circuit includes a plurality of the first acoustic wave resonators that have

mutually different resonance frequencies.

10. The filter according to any one of claims 1 through 9, wherein

the cancel circuit is connected between the input terminal and the output terminal.

11. The filter according to any one of claims 1 through 10, wherein
a plurality of the cancel circuits are connected in parallel to at least a part of the acoustic

wave resonators.

12. A duplexer comprising:

a first filter that is connected between an antenna terminal and a first terminal and
includes acoustic wave resonators;

a second filter that is connected between the antenna terminal and a second terminal,
includes acoustic wave resonators, and has a passband higher than a passband of the first filter;
and

a cancel circuit that includes an input connection portion and an output connection
portion connected so that the cancel circuit is connected in parallel to at least a part of the
acoustic wave resonators included in the first filter or to at least a part of the acoustic wave

resonators included in the second filter, wherein
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the first acoustic wave resonator has a resonance frequency that is set to
a frequency within a passband of the second filter. 15. The dupl exer
according to claim 12, wherein the cancel circuit is connected in
parallel to at |east a part of the acoustic wave resonators included in the
second filter and includes a second acoustic wave resonator that is
connected in series between the input connection portion and the out put
connection portion, and t he second acoustic wave resonator has an
anti-resonance frequency that is set to a frequency within a passband of
the first filter or a frequency |ower than a passband of the first filter;
and the first acoustic wave resonator has a resonance frequency
that is set {He@agcel cieqiranayddiagherachingio viaheramatorresenadbetWaerguedey of the
second acoustic wave resonator. 16. The dupl exer according to claim 13 or

15, wherkeh tHel18p@ @BGRLtiGH Fctibd arldsthe ompecioankchist yeeion bfika griuahna ter m nal
and the second term nal .
13. The duplexer according to claim 12, wherein
the cancel circuit is connected in parallel to at least a part of the acoustic wave
resonators included in the second filter, and
the first acoustic wave resonator has an anti-resonance frequency that is set to a
frequency within a guard band between a passband of the first filter and a passband of the second
filter, and a resonance frequency that is set to a frequency within the guard band or a frequency

lower than the guard band.

14. The duplexer according to claim 12, wherein

the cancel circuit is connected in parallel to at least a part of the acoustic wave
resonators included in the first filter, and

the first acoustic wave resonator has a resonance frequency that is set to a frequency

within a passband of the second filter.

15. The duplexer according to claim 12, wherein

the cancel circuit is connected in parallel to at least a part of the acoustic wave
resonators included in the second filter and includes a second acoustic wave resonator that is
connected in series between the input connection portion and the output connection portion, and

the second acoustic wave resonator has an anti-resonance frequency that is set to a

frequency within a passband of the first filter or a frequency lower than a passband of the first
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17. The dupl exer according to claim 14, wherein the cancel circuit is
connected between the antenna termnal and the first termnal. 18. A
comuni cati on nodul e conpri sing: the filter according to any one of
claims 1 through 11 or he dupl exer according to any one of clainms 12

t hrough 17.

filter; and

the first acoustic wave resonator has a resonance frequency that is set to a frequency

higher than the anti-resonance frequency of the second acoustic wave resonator.

16. The duplexer according to claim 13 or 15, wherein

the cancel circuit is connected between the antenna terminal and the second terminal.

17. The duplexer according to claim 14, wherein

the cancel circuit is connected between the antenna terminal and the first terminal.
18. A communication module comprising:

the filter according to any one of claims 1 through 11 or the duplexer according to any

one of claims 12 through 17.
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