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SPECI FI CATI ON T1 TLE OF THE | NVENTI ON DUPLEXER Fi el d [0001] A certai n aspect
of the present invention relates to dupl exers. Another aspect of the
present invention relates to a duplexer having a reception filter and a
transm ssion filter. Background [0002] A nobile comunication term nal of
frequency division duplex (FDD) type uses a dupl exer that simultaneously
perfornms transm ssion and reception via a single antenna. The dupl exer is
equi pped with a reception filter and a transmission filter. These filters
are formed by acoustic wave resonators, for exanple. The acoustic wave
resonators may be surface acoustic wave resonators, boundary acoustic wave
resonators, or piezoelectric thin-dagddiriesgoat ors. The piezoel ectric
thin-filmresonators are also called filmbulk acoustic resonators.

TITLE OF THE INVENTION
DUPLEXER
Field
[0001] A certain aspect of the present invention relates to duplexers. Another aspect of the

present invention relates to a duplexer having a redeption filter and a transmission filter.

Background

[0002] A mobile communication terminal of frequency division duplex (FDD) type uses a
duplexer that simultaneously performs transmission and reception via a single antenna. The
duplexer is equipped with a reception filter and a transmission filter. These filters are formed
by acoustic wave resonators, for example. The acoustic wave resonators may be surface
acoustic wave resonators, boundary acoustic wave resonators, or piezoelectric thin-film
resonators. The piezoelectric thin-film resonators are also called film bulk acoustic resonators.
[0003] Japanese Patent Application Public‘ation Nos. 2003-332884 and 2006-74202 describe
a configuration directed to improving the power durability in which an acoustic wave resonator
close to an input terminal is divided into parts connected in series with each other.

[0004] A poor linearity of the duplexer may degrade the receiver sensitivity of the

communication equipment.

SUMMARY OF THE INVENTION

[0005] According to an aspect of the present invention, there is provided a duplexer having



[ 0003] Japanese Patent Application Publication Nos. 2003-332884 and

2006- 74202 describe a configuration directed to inproving the power
durability in which an acoustic wave resonator close to an input term nal
is divided into parts connected in series with each other. [0004] A poor
linearity of the duplexer may degrade the receiver sensitivity of the
communi cati on equi pnment. SUMMARY OF THE I NVENTION an inproved linearity.
10006] Accordi ng to anot her aspect of the present invention, there is
provi ded a dupl exer including: a reception filter that is connected between
a reception termnal and an antenna term nal and includes one or a
plural'%%1%fr§%§aﬁ§n{ sonators that are acoustic wave resonators; and a
transmi ssion 11T ter i s connected between a transmission terninal and
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resonat eque

including: a reception filter that is connected between a reception terminal and an antenna
terminal and includes one or a plurality of series resonators that are acoustic wave resonators;
and a transmission filter that is connected between a transmission terminal and the antenna
terminal and includes one or a plurality of acoustic wave resonators, a resonance frequency of a
first series resonator that is one of the one or the plurality of series resonators and is closest to the
antenna terminal in the reception filter being higher than an upper limit frequency of a reception

band of the reception filter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a block diagram of an exemplary duplexer;

FIG. 2 is a circuit diagram of an exemplary ladder type filter;

FIG. 3 is a circuit diagram of an exemplary multimode filter;

FIG. 4 is a circuit diagram of an exemplary filter in which a ladder type filter and a
multimode filter are combined;

FIG. 5 is a circuit diagram of an exemplary filter in which a multimode filter and a
resonator are combined;

FIG. 6A is a plan view of a surface acoustic wave resonator, and FIG. 6B is a
cross-sectional view taken along a line A-A in FIG. 6A;

FIG. 7A is a cross-sectional view of a Love-wave resonator, and FIG. 7B is a
cross-sectional view of a boundary acoustic wave resonator;

FIG. 8A is a plan view of a piezoelectric thin-film resonator; and FIG. 8B is a



first series resonator that is one of the one or the plurality of series
resonators and is closest to the antenna termnal in the reception filter
bei ng hi gher than an upper limt frequency of a reception band of the
reception filter. BRI EF DESCRI PTION OF THE DRAW NGS 10007] FIG 1 is a bl ock
di agram of an exenplary duplexer; FIG 2 is a circuit diagramof an

exenpl ary | adder type filter; FIG 3 is a circuit diagramof an exenplary
mul ti mode filter; FIG 4 is a circuit diagramof an exenplary filter
in which a | adder type filter and a nmultinode filter are conbined;

FIG 5is acircuit diagramof an exenplary filter in which a multinode

filter and a resonator .are conhi ned, . .FIG 6Ais a plan view of a
sur f ace Cé%gﬁ'lfg‘fqoé‘glvﬂ%tark&glﬁﬁ% gﬁipegﬁﬁn}:ﬂ& 88B is a cross-sectional view
taken along a.ljne A-Ain FLG 6A . I 7A is a cross-sectional view
of a Love-mavé&¢%§éﬁgpgbfﬂﬁﬂﬁgﬁmépf?guwgngﬁgﬁ%gs-sectional view of a

boundary acoustj.c ve, resonator.; - .
Y %&d} IOVi/gaa slagram ot admittance characteristics of a surface acoustic wave resonator,

a Love-wave resonator, and a boundary acoustic wave resonator,

FIG. 11A is a circuit diagram of a series resonator S, FIG. 11B is a circuit diagram of a
parallel resonator P, and FIG. 11C is a diagram of pass characteristics of the series resonator and
the paralle! resonators;

FIG. 12A is a circuit diagram of a ladder type filter, and FIG. 12B is a diagram of a pass
characteristic thereof;

FIG. 13A is a circuit diagram of a duplexer, and FIG 13B is a diagram of a pass
characteristic thereof;

FIG. 14A is a circuit diagram of a duplexer, and FIG. 14B is a diagram of spectra of
signals that are output via a reception terminal;

FIG. 15 is a diagram of measurement results of a triple-beat value;

FIG. 16 is a circuit diagram of a duplexer;

FIG. 17 is a circuit diagram in accordance with a first embodiment;

FIG. 18 is a diagram of the triple-beat value associated with the number of divided parts

of a series resonator S11;

FIG. 19 is a diagram of a pass characteristic of a duplexer used in a simulation and a
pass characteristic of a resonator S11 solely;

FIG. 20 is a diagram of an average triple-beat value of the series resonator S11 solely
associated with the resonance frequency thereof;

FIG. 21 is a diagram of the maximum value of the total triple-beat value of the series



FIG 8Ais a plan view of a piezoelectric thin-filmresonator; and FIG 8B
IS a cross-sectional view taken along aline A-Ain FIG 8A, FIGs. 9A and

9B are diagranms of a multinode filter; FIG 10 is a diagram of
adm ttance characteristics of a surface acoustic wave resonator, a
Love-wave resonator, and a boundary acoustic wave resonator; FI G 11A

Is acircuit diagramof a series resonator S, FIG 11Bis a circuit diagram
of a parallel resonator P, and FIG 11C is a diagram of pass
characteristics of the series resonator and the parallel resonators;

FIG 12A is a circuit diagramof a |adder type filter, and FIG 12B is a

di agram of a characteristic thereof . .FIG13A is a circuit
di agr amrS?onﬁtoggg‘s%%?%ﬁl?te‘gW§£ ﬂeée%@ﬁeﬁegug}cgél}eéeﬁf’of a pass characteristic

e ot g s b PP e 1S L
embodiment, and FIG. 22B is a circuit diagram of a duplexer in which a series resonator 524 is
not divided;

FIG. 23 is a diagram of a pass characteristic of a transmission filter used in the
simulation, and a pass characteristic of the series resonator 524 solely;

FIG. 24 is a diagram of the triple-bat value in a reception band Brx;

FIG. 25A is a circuit diagram of a duplexer used in a simulation of a third embodiment,
and FIG. 25B is a circuit diagram of a duplexer in which a parallel resonator P11 is not divided;

FIG. 26 is a diagram of a pass characteristic of a reception filter used in the simulation
and a pass characteristic of the parallel resonator P11 solely;

FIG. 27 is a diagram of the triple-beat value in the reception band Brx;

FIG. 28A is a circuit diagram of a duplexer used in a simulation of a fourth embodiment,
and FIG. 28B is a circuit diagram of a duplexer in which a series resonator 823 is not divided,

FIG. 29A is a diagram of a pass characteristic of a transmission filter and a pass
characteristic of each series resonator, and FIG. 29B is a diagram of the triple-beat value in the
reception band;

FIG. 30 is a diagram of a pass characteristic of the transmission filter, and a pass
characteristic of a series resonator S23a;

FIG 31 is a diagram of the triple-beat value of the fourth embodiment;

FIG. 32A is a circuit diagram of a duplexer in accordance with a comparative example,
and FIG. 32B is a circuit diagram of a duplexer in accordance with a fifth embodiment;

FIG. 33 is a diagram of a pass characteristic of a transmission filter of the duplexer of
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FIG 15 is a diagramof neasurenment results of a triple-beat value; FIG 16
Is acircuit diagramof a duplexer; FIG 17 is a circuit diagramin
accordance with a first enbodi nment; FIG 18 is a diagram of the
triple-beat value associated with the nunber of divided parts of a series
resonat or S11; FIG 19 is a diagramof a pass characteristic of a
dupl exer used in a sinulation and a pass characteristic of a resonator Sl11
sol el y; FIG 20 is a diagram of an average triple-beat value of the
series resonator 511 solely associated with the resonance frequency
thereof; FIG 21 is a diagramof the maxi mumvalue of the total triple-beat

val ue of  the
t her eof :the compsa?artiv?:sexamp ROAN %ta%léss 228 A8 A GG WikhrtHftdesonance frequency

FIG. 34 is a diagram of a pass characteristic of a transmission filter of a duplexer in
accordance with a fifth embodiment, and a pass characteristic of each series resonator;

FIG. 35 is a diagram of a pass characteristic of a reception filter of the duplexer of the
comparative example, and a pass characteristic of each series resonator;

FIG. 36 is a diagram of a pass characteristic of a reception filter of the duplexer of the
fifth embodiment, and a pass characteristic of each series resonator;

FIG. 37 is a diagram of the pass characteristic of the reception filter of the dui:lexer in
accordance with the comparative example, and a pass characteristic of each parallel resonator;

FIG. 38 is a diagram of the pass characteristic of the reception filter of the duplexer of
the fifth embodiment, and a pass characteristic of each parallel resonator;

FIGs. 39A and 39B are plan views of transmission filter chips of the comparative

example and the fifth embodiment, respectively;

FIGs. 40A and 40B are plan views of reception filter chips of the comparative example
and the fifth embodiment, respectively;

FIGs. 41A throu:gh 41C are plan views of layers stacked to form a multilayer substrate
on which chips are mounted;

FIG. 42 is an exploded perspective view of a package;

FIG. 43 is a plan view of a printed-circuit board;

FIG. 44 is a diagram of measurement results of the triple-beat values of the duplexers of
the comparative example and the fifth embodiment;

FIG. 45 is a circuit diagram of a duplexer in accordance with a sixth embodiment;

FIG. 46 is a plan view of a reception filter chip used in the sixth embodiment;



FIG 22Ais a circuit diagramof a duplexer used in a sinulation of a
second enbodinent, and FIG 22B is a circuit diagramof a duplexer in which
a series resonator S24 is not divided; FIG 23 is a diagram of a pass
characteristic of a transmission filter used in the sinmulation, and a pass
characteristic of the series resonator 524 solely; FIG 24 is a diagram of
the triple-bat value in a reception band Brx; FIG 25Ais acircuit
di agram of a duplexer used in a sinulation of a third enbodi nent, and FI G
25B is a circuit diagramof a duplexer in which a parallel resonator P11 is
not di vi ded; FIG 26 is a diagram of a pass characteristic of a
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val ue in thg.ﬁeﬁﬁ tion band Brx; FIG 28Ais a circuit diagramof a
dupl exer “H¥BE! CHPAAEMANELt on of a fourth embodiment, and FIG 28Bis a

circuit diagr of, a dupl.exer in ich a.series resonator 523 .is.not.
i i ded: - 0" ¥ophad st dotganogg MRt i Siset Bt SRR R p G RO
transm ssion filter and a pass characteristic of each series resonator, and
FI G 29B ?Ela.diagran1of the triple-beat value in the reception band;

FIG 30 is a diagramof a.pass characteristic of. the transmssion filter,
and a pass chfﬁ&c‘{gelﬁiaé’&&l“cv“g’f’ Oga SRS @E%HBPEF% g peventh embo iment.

DETAILED DESCRIPTION
[0008] A description is now given of a duplexer used in embodiments described below.
FIG. 1 is a block diagram of an exemplary duplexer. Referring to FIG. 1, a duplexer 100
includes a reception (Rx) filter 10, a transmission (Tx) filter 20, and a matching circuit 30.  The
reception filter 10 is connected between an antenna terminal Tant and a reception terminal Trx.
The transmission filter 20 is connected between the antenna terminal Tant and a transmission
terminal Ttx. The matching circuit 30 is connected between at least one of the reception filter
10 and the transmission filter 20 and the antenna terminal Tant.
[0009] The transmission filter 20 passes signals that are included in signals applied to the
transmission terminal Ttx and are located in a transmission band, as a transmission signal Stx,
and attenuates the remaining signals. The reception filer 10 passes signals that are included in
signals received via the antenna terminal Tant and are located in a reception band, as a reception
signal Srx, and attenuates the remaining signals. The matching circuit 30 matches the
impedance of the antenna terminal Tant in the transmission and reception bands.
[0010] Next, an exemplary filter used in the duplexers of the embodiments is described.
FIG. 2 is a circuit diagram of a ladder type filter. Referring to FIG. 2, a ladder type filter 32

includes one or a plurality of series resonators S1 ~ S3 and one or a plurality of parallel
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FIG 31 is a diagramof the triple-beat value of the fourth enbodi nent;

FIG 32A is a circuit diagramof a duplexer in accordance with a
conparative exanple, and FIG 32B is a circuit diagramof a duplexer in
accordance with a fifth enbodinment; FIG 33 is a diagramof a pass
characteristic of a transmssion filter of the duplexer of the conparative
exanpl e, and a pass characteristic of each series resonator; FIG 34
is a diagram of a pass characteristic of a transmssion filter of a

dupl exer in accordance with a fifth enbodi ment, and a pass characteristic
of each series resonator; FI G 35 I's a diagram of a pass
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transmission filter 20 of the duplexer 100.
[0011] FIG. 3 is a circuit diagram of an exemplary multimode filter. Referring to FIG. 3, a
multimode filter 34 includes resonators R1 ~R3. The resonators R1 ~R3 are arranged in a
direction in which acoustic waves are propagated. One end of the reflector R2 is connected to
the input terminal Tin ,and the other end is grounded. One end of each of the resonators R1 and
R3 is connected to the output terminal Tout, and the other end thereof is grounded. The
multimode filter 34 may be used as at least one of the reception filter 10 and the transmission
filter 20 of the duplexer 100.
[0012] FIG. 4 is a circuit diagram of a filter having a combination of a ladder type filter and
a multimode filter. Referring to FIG. 4, the ladder type filter 32 and the multimode filter 34 are
connected between the input terminal Tin and the output terminal Tout. The ladder type filter
32 is composed of the series resonators S1 ~ S2 and the parallel resonators P1 ~P2.  The
multimode filter 34 is composed of resonators R1 ~R3.  The filter illustrated in FIG. 4 may be
used as at least one of the reception filter 10 and the transmission filter 20 of the duplexer 100.
[0013] FIG 5 is a circuit diagram of a filter having a combination of a multimode filter and a
resonator. Referring to FIG. 5, the series resonator S1 and the multimode filter 34 are
connected between the input terminal Tin and the output terminal Tout in series, and the parallel
resonator P1 is connected in parallel.  The filter illustrated in FIG. 5 may be used as at least one

of the reception filter 10 and the transmission filter 20 of the duplexer 100.
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FIG 38 is a diagram of the pass characteristic of the reception filter of
the dupl exer of the fifth enbodi nent, and a pass characteristic of each
paral |l el resonator; FI Gs. 39A and 39B are plan views of transm ssion
filter chips of the conparative exanple and the fifth enbodi nent,
respectively; FIGs. 40A and 40B are plan views of reception filter chips of
the conparative exanple and the fifth enbodi nent, respectively; FIGs. 41A
through 41C are plan views of |ayers stacked to forma nmultilayer substrate
on which chips are nounted; FIG 42 is an expl oded perspective view of a
package; FIG 43 is a plan view of a printed-circuit board; FIG 44
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surface acoustic wave (SAW) resonator, and FIG. 6B is a cross-sectional view taken along a line
A-Ain FIG. 6A. Referring to FIGs. 6A and 6B, a metal film 52 made of, for example,
aluminum or copper, is formed on a piezoelectric substrate 50 made of, for example, lithium
tantalate or a lithium niobate. The metal film 52 forms reflectors R0, an interdigital transducer
(IDT) IDTO, the input terminal Tin and the output terminal Tout. The IDTO has two comb-like
electrodes 54, which are respectively connected to the input terminal Tin and the output terminal
Tout. The input terminal Tin and the output terminal Tout are pads, for example. The
reflectors RO are arranged at both sides of IDTO in the propagation direction. The comb-like
electrodes 54 and the reflectors R0 have fingers arranged at intervals corresponding to the
wavelength A of the acoustic wave. The acoustic waves excited by IDTO are reflected by the
reflectors RO.  Thus, the SAW resonator resonates at a frequency corresponding to the
wavelength A of the SAW.

[0015] FIG. 7A is a cross-sectional view of a Love wave resonator, and FIG. 7B is a
cross-sectional view of a boundary acoustic wave resonator. The plan view of the Love wave
resonator and that of the boundary acoustic wave resonator are the same as illustrated in FIG. 6A,
and a description thereof is omitted here. Referring to FIG. 7A, the Love wave resonator is
configured to have a dielectric film 56 formed so as to cover the metal film 52.  The dielectric
film 56 may be a silicon oxide film, for example. As illustrated in FIG. 7B, the boundary
acoustic wave resonator is configured to have the dielectric film 56 formed so as to cover the
metal film 52. Further, a dielectric film 58 is formed on the dielectric film 56. The dielectric
film 58 is an aluminum oxide film, for example. Preferably, the sonic velocity of the dielectric

film 58 is faster than that of the dielectric film 56 in order to confine the acoustic wave within



FIG 45 is a circuit diagramof a duplexer in accordance with a sixth
enbodi nent; FIG 46 is a plan view of a reception filter chip used in the
si xt h enbodi nent ; FI Gs. 47A through 47C are plan views of |ayers
stacked to forma multilayer substrate on which chips are nounted; FIG 48
Is a circuit diagramof a duplexer in accordance with a seventh enbodi nent;
and FIG 49 is a plan view of a reception filter chip used in the seventh
enbodi ment. DETAI LED DESCRI PTI ON [ 0008] A description is now given of a

dupl exer used in enbodi nents descri bed bel ow.

the dielectric film 56.

[0016] FIG. 8A is a plan view of a piezoelectric thin-film resonator, and FIG. 8B is a
cross-sectional view taken along a line A-A depicted in FIG. 8A. Referring to FIGs. 8A and 8B,
a piezoelectric thin-film resonator includes a lower electrode 42, a piezoelectric film 44 made of
aluminum nitride, for example, and an upper electrode 46, which are stacked in this order on a
substrate 40 made of silicon, for example. An area in which the upper electrode 46 and the
lower electrode 42 overlap each other through the piezoelectric film 44 is a resonance part 47,
In the resonance part 47, an acoustic wave propagated vertically resonates, whereby a resonator
is realized. A cavity 48 is formed in the substrate 40 and is located below the lower electrode
42. The cavity 48 may be replaced by an acoustic multilayer film that reflects the acoustic
wave propagated vertically.

[0017] The resonators of the filters illustrated in FIGs. 2 through 5 may be at least one type
of the SAW resonators, the Love resonators, the boundary acoustic wave resonators, and the
piezoelectric thin-film resonators.

[0018] Now, an exemplary multimode filter is described. FIGs. 9A and 9B illustrate an
exemplary multimode filter. FIG. 9A is a plan view of a multimode filter using the SAW, the
Love wave and the boundary acoustic wave. A plurality of IDT1 ~ IDT3 are arranged between
the reflectors RO in the direction in which the acoustic waves are propagated. One of a pair of
comb-like electrodes of IDT2 is connected to the input terminal Tin, and the other comb-like
electrode is grounded. One of a pair of comb-like electrodes of each of IDT1 and IDT3 is
connected to the output terminal Tout, and the other comb-like electrode is grounded. The
unbalanced type of output In FIG. 9A may be replaced by a balanced type of output.

[0019] FIG. 9B is a cross-sectional view of a multimode filter using the bulk wave. A



FIG1 is a block diagramof an exenplary duplexer. Referring to FIG |, a
dupl exer 100 includes a reception (Rx) filter 10, a transm ssion (Tx)
filter 20, and a matching circuit 30. The reception filter 10 is connected
bet ween an antenna termnal Tant and a reception termnal Trx. The

transm ssion filter 20 is connected between the antenna term nal Tant and a
transm ssion termnal Ttx. The matching circuit 30 is connected between at

| east one of the reception filter 10 and the transm ssion filter 20 and the
antenna term nal Tant. [0009] The transmi ssion filter 20 passes signals that
are included in signals applied to the transm ssion termnal Ttx and are
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filter. ellqgcftr%lc’ier %h%?eo}‘ 1S connecte?a 'tot ahe input terminal Tin. The upper electrode of the

piezoelectric thin-film resonator 66¢ is connected to the input terminal Tin, and the lower

electrode thereof is grounded. The upper electrode of the resonator 66d is connected to an

output terminal Tout2, and the lower electrode thereof is grounded. The balanced type of

output in FIG. 9B may be replaced by an unbalanced type of output.

[0020] A description is now given of the operating principle of the ladder type filter. FIG.

10 is a graph of an admittance characteristic of the SAW resonator, Love resonator and boundary

acoustic wave resonator. These resonators have an admittance characteristic of double

resonance having a resonance frequency fr and an anti-resonance frequency fa.

[6021] FIG. 11A is a circuit diagram of a series resonator S, FIG. 11B s a circuit diagram of

a parallel resonator P, and FIG. 11C is pass characteristics of the series resonator and the parallel

resonator. Referring to FIG. 11A, an acoustic wave resonator having an admittance

characteristic as illustrated in FIG 10 is connected, as the series resonator S, in series between

the input terminal Tin and the output terminal Tout. Referring to FIG. 11B, an acoustic wave

resonator having an admittance characteristic as illustrated in FIG. 10 is connected, as the parallel
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mul tinode filter 34 includes resonators 121 - R3. The resonators R - R3
are arranged in a direction in which acoustic waves are propagated. One end
of the reflector R2 is connected to the input termnal Tin ,and the other
end is grounded. One end of each of the resonators R1L and R3 is connected
to the output termnal Tout, and the other end thereof is grounded. The

mul tinode filter 34 may be used as at | east one of the reception filter 10
and the transmission filter 20 of the duplexer 100. [0012]FIG 4 is a
circuit diagramof a filter having a conbination of a | adder type filter
and a nultinode filter. Referring to FIG 4, the |adder type filter 32 and
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filter 34 are connected between t i npyt. term nal. Ti.n and .t he out.put
ter i nal DGR N OSBAREdTeaL Y (e 3§P PRl AP GmeBh e & Higtiedt B
parall el,. The fLLte& illystrated |n FIG 5_nmay be uigghas at | east one of
bhe r ecdisy g ransilipireasneifRPatErn he FrSPRRBST ARG ISP ASHhE A FESORABES exer 100.
[0014] exenpl ary resanator used in the filters is described, FIG, 6Ais
a plan JeHensy tap- sift ssleaisnsddn setithe %W%@?&We‘?@s%rﬂfﬂ& SCTIEHRFSHASr SeBdithe o
cross-sectional view taken al ong ﬁ line A-Ain FIL.G B6A. Referri to, FI Gs.
6A and eBti-TssoRRcs freApeny dap HdbrPastile]l respnalaringRPEoxXmAiGH St B PaC@cPS%‘éT Ais
formed on a piezoelectric _substrate 50 nade of, for exanple, lithium
t ant al atkengrss i srmayim oM BHEPLLY aesHREdhe Teriehiasonalos S the piralel s7Sonstes P an
interdigital transducer &%Dwéﬁgtﬁcz the input termnal Tin and the output
t er m naltofei 2 single-stagrladderdil conmb-1ike el ectrodes 54, which are
respectively connected to the input termnal Tin and the outpuyt term nal
Tout . Tﬂﬁolﬁput FiG g ring cirewit dipmam 198 2 addpivpe Blitsrhaving s pinraldy of gagss, andor
exanple. The reflectors RO are arranged at both sides_of IDTO in the
pr opagatilen 28 isadtaasency Theraetemgiic|of kus Bitarct Asddistraied hEG heArtBs filletidr s RO
have fingers arranged at intervals corresponding to the wavel ength X of the
acoust | cconfigwed tprhave a pliselity ofveeges. asgle pt which s qopiposesd of ong £4Tiss FesaNFYr ande
reflectors RO Thus, the SAWresonator resonates at a frequency
cor r es pomdipagilelgesanatonaviiedilter Fhux configuraddfunptinns pooba1dpass filter that s one pass
cross-sectional view of a Love wave resonator, and FIG 7B is a
cr oss- seen{l amhsuppressiomfangesns bpdasides at bapassapghve resonator. The plan view
of the Love wave resonator and that of the boundary acoustic wave resonator
are the [662d asNow, aduplaxasds dascrited. BIG. 13Ads acismsictisgsem ohan ereradary i s
omtted here. Referring to FIG 7A the Love wave resonator is configured
t o have duptixer, et FliGe 13B fsn 1365 ¢loravtatisio obthe duplexarer Refawingde HIG. ApAmbS2. The
dielectric filmb56 may be a silicon oxide film for exanple. As illustrated
in FIG diplexeties heunckptipn fittoull dnd thatransmassomdilter 20 sacloof whigh ésch lnddengipe t he
dielectric filmb56 formed so as to cover the netal film52. Further, a
di el ect rfileer.f | Tha t8&pitisn fiktemBdhasseridsgeshinaloecs ¥li €S54, land p&alletmesodatetsddd miRI3f i | m
58 is an alum numoxide film for exanple. Preferably, the sonic velocity
of the diteltentmissiof filten BBhdssefi@agt@natobse? 1t-hS4 ofd patedlebicedratrs PZ1 £ P2In 56 in
order to confine the acoustic wave within

The matching circuit 30 has an inductor L1 connected to the antenna terminal Tant and ground.

The transmission signal Stx applied via the transmission terminal Ttx passes through the

transmission filter 20 and is output to the antenna terminal Tant. The reception signal Srx
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the dielectric filmb56. [0016]FIG 8A is a plan view of a piezoelectric
thin-filmresonator, and FIG 8B is a cross-sectional view taken along a
line A-A depicted in FIG 8A Referring to FIGs. 8A and 8B, a piezoelectric
thin-filmresonator includes a | ower electrode 42, a piezoelectric film 44
made of alum numnitride, for exanple, and an upper el ectrode 46, which are
stacked in this order on a substrate 40 nmade of silicon, for exanple. An
area in which the upper electrode 46 and the | ower el ectrode 42 overl ap
each other through the piezoelectric film44 is a resonance part 47. In the
resonance part 47, an acoustic wave propagated vertically resonates,

r esonance n_acoustic uave propagat e |
and i3 BT g R el ERuET Ry e bt R L MR ARl R PRI RIE 2

by an acous%ic nultL ayer filmthat reflects the acoustic wave propagated
verti cal PSFPIPBET#h et esonat ors of the filters illustrated in FIGs. 2

th h b t t .0of the SAW t the L

O BT o Bl 855t eSS Bhe B RPPRE AN ya Peb e,
thin-fil, t ) 18] Now, . I | tjmode . filter.i

T UEREAb S onth ISPk MRt Ao EETRAC P LARER b Shiia i o on
i I i f | tinode fil : i ng.the SAW. the L th
o o S b Bl i Bt B Lk BB B B0 e
e of - seERRen BRercliip SRR SR el By e e Brret e areRer PRoat
t inal Tin, dth th -lik | ect i ded. f i
of | Conb.1esaeBor iBe: 10Id: BB meTPeP s Rt s PSS ETE RGN Re ont put
term nal Tout,. and the other QQ%f-Iike electrog is grounded. The

unbal andEdsPipsion SRR deteropnes sogis i eonTerm WHR e CORMHPICRIRR PSRy e of

output. [O019]FIG 9B is. a cross-sectional .view of _a nultinode fil.ter usin
thepbul kll];)\;a@gs]_te% the reception band Brx and etransmissllon and Btx are set so as to be (!h%fgrent g

from each other. A spacing Bg between the reception band Brx and the transmission band Btx
is a puard band. The passband of thel reception filter 10 is designed to include the reception
band Brx, and the passband of the transmission filter 20 is designed to include the transmission
band Btx. The transmission band Bix is designed to be a suppression range of the reception
filter 10. The reception band Brx is designed to be a suppression range of the transmission
filter 20.

[0026] A description is now given of a triple-beat test, which is a test for evaluating the
linearity of the duplexer. FIG. 14A is a circuit diagram of a duplexer, and FIG. 14B is a diagram
of signal spectra output via the reception terminal. Referring to FIG. 14A, the duplexer has the
same configuration as that illustrated in FIG. 13A, and a description thereof is omitted here.
Referring to FIG. 14B in addition to FIG. 14A, transmission signals Stx! and Stx2 are applied to
the transmission terminal Ttx. The frequencies of the transmission signals Stx1 and Stx2 are
within the transmission band Btx, and are indicated as ftx1 and ftx2, respectively. The

difference between the frequencies fix1 and fix2 is Af, which may be | MHz, for example. The
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plurality of piezoelectric thin-filmresonators 66a - 66d are stacked, each
of which is conposed of a piezoelectric film®60 and el ectrodes 62 between
whi ch the piezoelectric film®60 is sandwi ched. A dielectric film®64 is
provi ded between the piezoelectric thin-filmresonators 66a and 66b.

Anot her dielectric film®64 is provided between the piezoelectric thin-film
resonators 66¢c and 66d. The | ower el ectrode of the piezoelectric thin-film
resonat or 66b and the upper el ectrode of the piezoelectric thin-film
resonator 66¢c are commonly provided. The upper el ectrode of the resonator
66a is connected to an output termnal Toutl, and the | ower el ectrode

thereof is grounded. The upper el.ectr of resonator 66b is grounded,
and the H’QYWéSrOféh"e‘EE%‘}SB’dPéwPﬁéﬂné[ﬁfSt’f]sa“étﬁ%%:@FéraﬁBgmf ﬁoé THBYE terminal Tin. The

upper el ectrode of the piezoelectric . thin-film res?t}at or FGf S contx(}gct ed
to the i WBYH t edvipmmer sighal Siay ISPt VEWEF AUPUR P BHRA (A e 0PC PETEPEINGCE. The

upper el ectrode of the resonator 66d is connected tq an output .term nal
Tout 2, aM@meRn&Ena) Hiam isvEEhin Hﬁéeqeﬁﬁ?%@f“di%"‘g@gd%g“é’a?e%?ﬁ@a‘a‘a| Qﬁ%?&%?ﬁ% of
output in FIG 9B may be repl aced by an unbal anc, f output. .[0020] A
descr i pt fam isset tedvregbcnsy dgfngdy adguieshs ﬁ{j‘"ggq’ﬁé”( 1§%é%$n%ttﬁeetr?rgaﬁggon[%g
filter. FIG 10 is a graph of an adnittance characterjstjc Cgéiéh SAW
r esonat oBtx (Pbihe recepténnhand Bando Msulsaiesey thedrapspision Sighal ¥ se

resonators have an adm ttance characteristic of doubl e resonance havipg a
r esonanceover efjthedanymersignaliSiam ian2 7 dBws G5 gxeEDle e]g‘d’e*h‘?k}la?l%‘.‘ af[(g}j%f]ﬂiﬁpﬁﬂ 11A
is acircuit diagramof a series resonator S, FIG 1&5 IS a ﬁ'é}guit d?rhagram
of a parialthefollowigrmbedinments AfisH| MHzgthe ppwers o€ Stxd RAE FELETS & Mp#nGt iHe
series resonator and the parallel resonator. Referring to FIG 11A an

acoust i cpavesrof thedonaetosigtahbiamyis aA7 dBM t t ance characteristic as illustrated
in FIG 10 is connected, as the series resonator S, in series between the

i nput t ef28lal  Tindenthd abone condigions, thersignahipeqisr that aee pPEPRY iy theseqepdm 18, an
acoustic wave resonator having an admttance characteristic as illuystrated
in FI G 1@migalchmrechetyured by aispeqiapparabizer grdkhifes yhensby snecisdp SPITAFeniics t he
input termnal Tin and the output termnm nal Tout L@% 0022]In FIG 11C, the pass
char act eillustrited infFIGH Bsare pbigineds ohailistrated in FIG 1A, basides the rapsayisiqy signals

Stx1 and Stx2 and the jammer signal Sjam, non-linear signals S01 and 502 are observed near the

jammer signal Sjam. The non-linearity of the duplexer results in the non-linear signals SO1 and

S02, which have frequencies fjam-Af and fjam+Af, respectively.

[0029] A power ratio between the jammer signal Sjam and the non-linear signals S01 and

S02 (power of SO1 and S02/power of Sjam) is defined as a triple-beat value TB, and the unit

thereof is dBc.  As the triple-beat value TB is smaller, the non-linearity of the duplexer is

smaller and the linearity thereof is larger. A small linearity of the duplexer degrades the

receiver sensitivity of communication equipment using the duplexer. It is therefore required

that the triple-beat value TB is small.

[0030] The measurement of the triple-beat values is carried out by simultaneously sweeping

the transmission signals Stx1 and Stx2 and the jammer signal Sjam. The range of sweeping is

the range of the reception band Brx. When the transmission band Btx and the reception band
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line, and that of the parallel resonator Pis illustrated by a broken |ine.
The series resonator S functions as a |lowpass filter having transition
frequenci es between the resonance frequency frs and the anti-resonance
frequency fas. The parallel resonator P functions as a high-pass filter
having transition frequencies between the resonance frequency frp and the
anti-resonance frequency fap. It is designed to set the resonance frequency
frs of the series resonator S and the anti-resonance frequency fap of the
paral l el resonator P approximately equal to each other. A bandpass filter
may be configured by connecting the series resonator S an the parallel
resonat R r tagle- it is a
ci rcui tcﬁcﬁxe{laﬁg%{ of ﬁ%%f ‘z’@gﬁﬁ % 331%%9 FSI 5{@%9qﬁogg%hﬁé&ger;ﬁr‘ﬁ?%ﬁl{%%o?f%ages, and
FIG 12B is a frequ y..ch Sk d ' ' ' N : in
ArinSmsph PR B SRS FhlshbisRn by IS bt arido he RICRLAR, |0,

FIG 12 i's configure urality stages, each o
whi ch i f i ’ , I . Th
F11 Cor OGRS sdreipn R 53 ot SB% MBS BPA A R theod, “3ROR AL 1
band d i t. bot h_si ; . 4] Now,
Gup exoriEh fsdar] Sdu RRem i gRdioly B fimiyiGy PR A, HZH TOw @
dupl , d FIG i teristi ) i

Lo I G At Sgnfh SR el aRRd SR RSP bl felent Sl PR bl 00
filter 20, .e CH pf which liss a.Ilad%eci'j type filter. The reception filter 10
has serﬁﬁ§ﬂ?%§:ﬁETﬁ?§“§W? JABINOUHY parallel resonators P11 - P13. The

t 1 SSi fi 20 i t 21 - S? I

coonat Db, s T a faduir et g BR R e Wepsirgmen of D Bt Reraltes o o
toth ty term | t d. d.. The tr. i i i St

bopl et i St PG s Begim et sl Mo e SRS ig e SEisR o Rbion s o1
filter 2Q dis.o ut to.the antenna t rniinal Tant., The r. ceootiio&signal
Srx  reduplpatsaYale o aseR ARASREY meapuredn, In iy Sasep b e ERION foflhsy i on
filt 10 di lied to t ti t j nal_.Trx. [O FI G 13B,
br oken 1 THE TeAch0iR G 5 15hEwaL i GER0F B oA T8 hns N ST bt | ter 20

specification for the triple-beat value Spec is —79 dBc.  On the high-frequency side of the

reception band Brx, the triple-beat values are larger than the specification for the triple-beat
value Spec.

[0032] Next, a description is given of a mechanism for generation of the non-linear signals
S01 and S02. FIG. 16 is a circuit diagram of a duplexer, which has the same configuration as
illustrated in FIG. 13, and a description thereof is omitted here. Referring to FIG. 16, ideally, all
of the transmission signals Stx1 and Stx2 applied to the transmission terminal Ttx are output via
the antenna terminal Tant, as indicated by arrows of solid lines. However, actually, leakage
signals Stx1jesx and Stx2ieq, flow in the reception filter 10, as indicated by arrows of broken lines.
Ideally, all of the jammer signal that is input via the antenna terminal Tant is output via the
reception terminal Trx, as indicated by an arrow of solid line. However, actually, a leakage
signal Sjamye,. flows in the transmission filter 20, as indicated by an arrow of broken line.

[0033] Therefore, during the triple-beat test, the transmission signals Stx1 and Stx2 and the
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in which a signal applied to the transm ssion term nal Ttx passes through
the transmssion filter 20 and is output to the antenna termnal Tant. A
solid line indicates a pass characteristic of the reception filter 10 in
whi ch a signal received by the antenna term nal Tant passes through the
reception filter 10 and is output to the reception termnal Trx. A
reception band Brx and a transm ssion band Btx are determned so as to
conformwi th the comruni cation system In the FDD system the reception
band Brx and the transm ssion band Btx are set so as to be different from
each other. A spacing Bg between the reception band Brx and the

1077 oergmeacry Sk bReReRirkan AP IARERIENC Tt dOsRTR AT e
The t 1 arGHea B S ars B e disee PTG BB Thaenle °00, [
ange. of Seeeer il AR GO FRar sy e TRl REd R e o BHBR SO 21
cupk exer e prodioif #plEeinet & Ab e b e GBS IE LA b gl T
1 & 1 Sl SEbmd S22 piCofieter bl nrn PR S Rl Aen PR e B

13A, and a descr.iption thereof, is qmtted here. Referring.to Fl G.14B in
addi t i onhqnalinepEstis) ﬁeen}efl‘alﬂg‘r‘r‘ieéé*}e “ginﬁ%ﬁ‘@a tﬁeﬁﬁ%feéﬁﬁﬁmglr“t’é"aéﬁl tled to the
transm ssion termnal Ttx, The frequencies of the trz%nds?itzlsion signal s St xl
and St x 2£eRPIBtETR RIS PRI besatis e B o 16 WaXREPXEP e PR SAPISHRT £ ¢ |

and ftx2, res ectiveI%. The_diffetenﬁg bet ween. t he frequencies ftxl and
ftx2 is Sgnafisie hanthixp and thggpmmersignal S Decoms I8 yer s of the transmi ssion
signals Stxl and Stx2 are +22 dBm for exanpl 027 j r.. signal S am
i s inputl0034 t h&earpdhibe ‘i!"el’ll‘?ﬁeﬁéismgé‘ﬁ?‘?St“fWg’B ¢ f‘gﬂjﬁgmff] Gf"’e‘?%eaflg' si gnal
Sjamis within the reception band Brx, and is denpted as fjam .The )

f r equencyuPi§xsHH ha§m§é‘!°1%°€“'a§¥fif %%fti’e"ﬁ%“‘&é?tilﬁ%éﬁ‘eﬁﬁec 'Y ?otrﬁl?eé t(jlﬁnlfr'tﬁ?ab‘éaﬁ‘be Width
Bg and the transm ssion band Btx (or the reception band Brx) to the

frequencpamisad€sof the transm ssion signal Stx2. The power of the jammer

signal S§amis -27 dBm for_ exanple, I.n a simulation and n asurenﬁnt.ggithe
fol | owi ni§03HodiEweiadiments of the guplexer haviae FaRfRYENS igthg nopstineapiyare described.
dBm and the power of the jammer signal S amis -27 dBm 028] Under t he
above coldhe foblgwingdsscrintignethere gesarpRdedigicmplary duplptars gp%coglgfgn}‘&@é PrtBn
termnal Trx are neasured by a spectrum anal yzer or the [i ehd f&%%%o

spect r uni el S (Resonal-Commuriesines dervicep) it AT (BF BaRHisy
illustrated in FI G 14B, besides the transm Ssion Si gnal Srl'gtoéj and Strﬁ)égand

the | ammiHzsi YHAIMBf.dhe reseniionibged Brsisdfad ¥itay 1¢ Emdogmsars dsserthedr
the jammer signal Sjam The non-linearity of the duplexer results in the
non- | i netzlovs prgrmet §mited talieS buare pplicebin toethercomnurmiqaben FSKMSAf and fj am+Af
respectively.
g [0036y] In order to perform a simulation in the following embodiments, the present inventors
developed a simulator that simulates the triple-beat values of the duplexers using the surface
acoustic wave filters. The developed simulator is based on the mode coupling theory. In the
simulator, displacements of the surface acoustic waves respectively excited by the signals that
flow in each resonator are measured, and non-linear displacements excited by these

displacements are calculated, and non-linear signals generated are calculated.

First Embodiment
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[ 0029] A power ratio between the jamer signal Sjam and the non-Ilinear
signals 501 and SO2 (power of SOL and SO02/ power of Siam is defined as a
triple-beat value TB, and the unit thereof is dBc. As the triple-beat val ue
TBis smaller, the non-linearity of the duplexer is smaller and the
linearity thereof is larger. A small linearity of the dupl exer degrades the
receiver sensitivity of comuni cation equi pnment using the duplexer. It is
therefore required that the triple-beat value TB is small. [0030] The
measurenent of the triple-beat values is carried out by sinultaneously
smeeping t he transnission signals Stxl and Stx2 and the janmmer signal § am

The ran %‘é{’nd&%}ﬁ Id’c"ﬁlneg{%mg 9551%15 gpﬁg%l R Bl ﬁ'e ICaYBpe

transm s ban € rece ave an | wi dt h,

the Sweegg%esn st ?’shﬁat d f E:l’%r?ﬁéer%? 1dél£§e%t tégh%gzﬂ?eﬂﬁ%/ te% QPag%i&%ﬁfJHO§s' on

band Bt x i si gna ocat

5 am i s TERAEENIEY iﬁnﬁiﬂé@&w@ﬁ T SR S T
and al o0 %”H%%fé%@b R onr s P gt e PPRRaE .*h%@e Baar) tﬁ’é el e e o
esul t ol isadh Bnlernf EPRER Tirp rs%%gﬁesmm e ??L?F} ted ﬁxﬁl”%' i‘é,y
i pl o OB, 21 dhe Pl SLBRFBhefranedhan SR bR ¥ R0y 0BT pietc
han - 7ot ragmireds dhee o FeraTERef %ﬁﬁ?egﬁw& FeREaft Bt R PR
B ﬁﬁc%%m'n%p' B et e aorpgs AN  he speci {1 cat i on for the
]E {)Ir P g:n&(ﬁgﬁlval %f(} %ﬁés ?1611[531?93 %%Ngrétérlf gﬂa@ g}%l:' rll‘ll E(;[clopdgnce with 3 Rirst ggnbgdlrr;rx%gtham s
Referring to FIG. 17, the present duplexer has the reception filter 10, the transmission filter 20
and the matching circuit 30. The reception filter 10 has two stages. The previous stage or first
stage has a ladder type filter and the next stage or the second stage is a multimode filter. The
ladder type filter composed of series resonators S11 and S12 and the parallel resonators P11 and
P12. The series resonator S12 is divided into two in series with each other, and the paralle]
resonator P11 is divided into three in series with each other. Multimode filters FO1 and FO2 of
the second stage are connected in parallel with each other. The multimode filters FO1 and F02
are followed by resonators R01 and R02, respectively. Balanced output signals are output via
reception terminals Trx1 and Trx2.
[0040] The transmission filter 20 is a ladder type filter, and is composed of series resonators
S21 ~ S24 and parallel resonators P21 ~ P23.  Each of the series resonators S21 ~ 8§23 is
divided inte two in series, and the series resonator S24 is divided into three in series. The

reason why the series resonators other than the series resonator S11 are divided into parts in

series is that it is intended to reduce non-linear signals generated in the series resonators other
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SOl and S02. FIG 16 is a circuit diagramof a duplexer, which has the sane
configuration as illustrated in FIG 13, and a description thereof is
omtted here. Referring to FIG 16, ideally, all of the transm ssion
signals Stxl and Stx2 applied to the transm ssion termnal Ttx are out put
via the antenna termnal Tant, as indicated by arrows of solid |ines.
However, actually, |eakage signals Stxl |eak and Stx2leak flowin the
reception filter 10, as indicated by arrows of broken lines. ldeally, al

of the jamrer signal that is input via the antenna termnal Tant is output
via the reception termnal Trx, as indicated by an arrow of solid |ine.
However , ,ac | e .Sl j al - | 1 $S1 on
fiiter 208 N8 Shichredot e “Re L BBl b bR St Brh BRI AE 0T, g
the triple-beat éfgﬁ the transm ssion signals Stxl and Stx2 and the

j ammer SCHRSESERORPHow t hrough each resonator of the dupl exer. The three

vore parl PRl ar Ay iR PRE 11 CoRERHEk alsTRtbni ool e ORA BBRG o1

di <pl acae el BB recree: {BaCPBe pecrrary TaeroY RETEREIET ssi on
ndependamlt S8 sHan PR 4RER hedkERros itk BRT s near < onal -
2e the dObACT o FREVBLE Bordutpligr RER AR redumem AR SRRy 2T R apdsane
acoust | LGSR EEET Lbo. T BT eFPAERR LY TEh s PRISRRERs RAvE G
e a3 kS 0 BB o
okt AR AN R G il ST S K -
band Bt oGBS RFEUTD] GoNk,HBds BEEHR PoRobARAUBRE FUDREND M 1990
VHz . Enﬁgdinents de%cribed belog%are noIiLimit%d %o PgS butﬁare a| pIicapIe
to ot hereleRHalG CaRAGIBACGYING FesongtorrftsT AiYihpie d thiees S ¢16AtEpstatic PARAFUATCBN i n

t he follomjn%_enbodinents, t he presen% i nvent ors .
before division. The resonance frequency ot the resonator after division is set equal to 1964

MHz, which is the same as that before division. The triple-beat values illustrated in FIG, 18 are
the worst values obtained by sweeping the jammer signal in the reception band.

[0043] As illustrated in FIG. 18, the division of the series resonator S11 improves the
triple-beat value. The division of the series resonator S11 is very effective in terms of
improvement in the triple-beat value. However, even when the series resonator S11 is divided
into 5, the triple-beat value is approximately —77 dBc. A further increase in the number of
divided parts tends towards a saturation of the triple-beat values. Further, an increase in the
number of divided parts increases the electrostatic capacitance of each divided resonator, and
increases the area occupied. For example, when the resonator is divided into n, the size of the
resonator is n® times the original, which needs a larger filter area. Further, the division of the

resonator increases the resistances of the electrodes, and increases the loss of the filter.
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devel oped a sinulator that sinmulates the triple-beat val ues of the

dupl exers using the surface acoustic wave filters. The devel oped simul ator
is based on the node coupling theory. In the sinulator, displacenents of
the surface acoustic waves respectively excited by the signals that flowin
each resonator are neasured, and non-linear displacenents excited by these
di spl acenents are cal cul ated, and non-linear signals generated are

cal cul ated. First Enbodi ment [0037]A first enbodinment is an exenpl ary

dupl exer in which the resonance frequency of the series resonator in the
reception filter 10 closest to the antenna termnal Tant is adjusted. From

th f lyzi h oy J b [
the o miphfar, TRE Buaehiled il ar Ry e BRls Branate SR MR by 1 ot o
inth .onat in.th i ilt 1 I t 1 i nal
e T ERORLP il ERER B e b a e R b8 e PR IR ARk 12
et e TG A= A S e LN
| ect ' ' e) bef f .th .15 divided.
0039] FiRD47  BRE Tar R Rk olopSho el e ek e L AL S YRR 1 ¢ st
nmbodi t. Ref [ to F 17, .t I t h ti
1 ter 0SSt ieiarists ohibe respiaperag | SRR nEeRERE R40os; BT erageores "
reception filter 10 has two slqgeg. T%elprevious stage or fi@st st age has a
| adder t§3REARGE ChRACIERIRIICE FrRsPeriiyely oPsegedoyhionle weaqnaher Keaugeei o F $RFY i node

e e U bRt Dby RETRSE R SRS B T 512
IR REE AT AT S = TR LCR M T
il od8 S0 EPs ROk oo ARGeT DR R S OoH PO RO S o2,
[I_re)s(plecgh\ég l ;(Z!B%JI(% ré((;)ersd a 8ilzjltgr%g‘} ofstlilega{]v%l‘asge ?rripele— gz}t%g{[uesv (i)fq[her: ge?’iee E‘ésgr?atéresrlrlﬁ nal s
solely associated with the resonance frequencies thereof. In each of the series resonators S11
which are respectively divided into one through five, the resonance frequency is changed from
1944 MHz to 2270 MHz as iltustrated in FIG. 19. The vertical axis of FIG 20 denotes the
average triple-beat value of the series resonator S11 solely, wherein the non-linear signals of the
resonators other than the resonator S11 are set equal to zero, and the triple-beat value of the
resonator S11 solely is measured over the reception band Brx. In cases where the series
resonator S11 is divided into two or more, the average triple-beat value of the resonator solely
closest to the antenna terminal Tant is iltustrated.
[0047] It is seen from FIG. 20 that the non-linear signal generated in the series resonator S11
can be reduced by increasing the resonance frequency of the series resonator S11.  This may be
considered as follows. As the resonance frequency of the series resonator S11 becomes higher,

the frequencies of the transmission signals Stx1 and Stx2 and the jammer signal Sjam become

relatively farther away from the resonance frequency of the series resonator S11. Thus, the
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[ 0040] The transm ssion filter 20 is a |l adder type filter, and is conposed
of series resonators S21 - 524 and parallel resonators P21 - P23. Each of
the series resonators S2I - S23 is divided into two in series, and the
series resonator S24 is divided into three in series. The reason why the
series resonators other than the series resonator S 11 are divided into
parts in series is that it is intended to reduce non-linear signals
generated in the series resonators other than the series resonator Sl| and
to relatively enphasize the non-linear signal generated in the series
resonator S11. [0041] As iIIustrated in FIG 11C, generally, the resonance

f
b;ﬁﬁf”%pﬁ%ie B i s o sk ish I 5 ORR o S BphPES B e Oomd 2 PR
to 1964 to.the c

L. t

a diagra B‘Tforter ?lﬁflgn Hoc d%fg[g‘u%rgengg’é%t(‘?ggfaceo%leé% | Of1t E%ﬂ%u e)érth%%&ﬁ%lo': CPtlzl}sgalr f s
f th ) t di vi d at t
Serios SEVERBIS HOMGRSH RUFOE L rP DRPSL e ‘?répigﬁs% balE i B ol e S 1

| to, th I t at t f i
COLE B EEREES RT BN I 5 B s e e
resonat o aﬂ EE? nun@ ?% el ectroﬂg fi n%1 ?ret ereo arsereadj ust ed
oot bRl peat T conbsnapiovad e Msreeghg TR sksnates Frepiiay ShrS &g 1's'
ti th I { at 1t bef
[ r equendys Bt Fbl PHBRH Csﬁafﬁleé?‘q‘gﬁer@?"g‘ﬁt%gi‘S{“\é‘:bisenéa{fé?n 5" g f%f41 12,
whi ch th th t bef di The .t
"1 ot r st ﬁ%%&%uaﬁ@omﬁ%@w& ol valh B By B R e o s
signal in the reception ba %éfg illustrated in FIG. 18, the division
of the sElilee ar%%w@twbsrq rr:sqnﬁiar or three resonators.

[0048] FIG. 21 is a diagram of the maximum value of the total triple-beat value associated
with the resonance frequency of the series resonator S11.  The vertical axis indicates the worst
value of the triple-beat value calculated by adding up the non-linear signals generated in all the
resonators of the duplexer illustrated in FIG 17 in the whole reception band Brx. As illustrated
in FIG. 21, the triple-beat value is not improved by setting the resonance frequency of the series
resonator S11 higher than a certain frequency (for example, 2050 MHz).  This is because the
non-linear signal of the series resonator S11 is smaller than the non-linear signals generated in
the series resonators other than the series resonator S11 when the resonance frequency of the
series resonator S11 is equal to or higher than the certain frequency. Therefore, the total
triple-beat vatue is not improved even by further reducing the non-linear signal generated in the
series resonator S11.

[0049] When the specification for the triple-beat value is set equal to or smaller than -79
dBc, the specification for .the triple-beat value is satisfied by setting the resonance frequency of
the series resonator S11 equal to or higher than 2030 MHz in a case where the series resonator

S11 is not divided. In a case where the series resonator S11 is divided into two resonators in
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triple-beat value. The division of the series resonator 811 is very
effective in terns of inprovenent in the triple-beat value. However, even
when the series resonator S 11 is divided into 5, the triple-beat value is
approximately -77 dBc. A further increase in the nunber of divided parts
tends towards a saturation of the triple-beat values. Further, an increase
in the nunber of divided parts increases the electrostatic capacitance of
each divided resonator, and increases the area occupi ed. For exanple, when
the resonator is divided into n, the size of the resonator is n2 tinmes the
original, which needs a larger filter area. Further, the division of the
resonat or .i ncreases .t he resi. i ses the
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[ 0046] Fi b SRPIPs abaeRpraagen CHeTUe Ry a- RS g et Al el vss: o
resonator SI | solely assocjated Mﬁth éﬂ% Hgﬁgnance frggu%pqhes Qereof In
each of]pﬂ@”serﬂ%gm@égﬁﬁﬁﬁﬁF§e sippilafjon.c4{ihgpeh the L5Epaneg, TFHEEFST A8 nt o one
th h fi . th f [ h f 1944 to 2270 MHz
s, 1T USHFRECESPTGE of e GerepREORPL A SPL RGPl Bl JERBE Be T tHE S er age
tripl e-beat I f th [ g t S| | | el wh i h
non® | | neaeY & Qe am e BgonkiTroRgr B oot hee NS REERFl T are et
equal to zero, and the triple-beat value, of the resonator..511 .solely is
measur edlegrrminediy theaeee srsopse rrayency ﬂﬁg‘éé’é( edesoRatpis Ot the Series rF%Oé%Wét or

Si! is divided into two or nore, the,avFra e_%%:ple-beat galue ?f t he
r esonat o¥ ! 19BRERSE Whese tisresopanch drequangivs a1 the Riided respRATETS ate AesgRst fub%q.

[0047]1t is seen fromFIG 20 that_the nop-lingar i gnal gFEerated Hﬂ t he
seri es riuwpily diffexent from each other.  Similar results are obtained eVen wheh the reception filter

10 is formed by the ladder type filter only, whereas the reception filter 10 in FIG. 17 is the
combination of the ladder type filter and the multimode filter.

[0051] According to the first embodiment, the reception filter 10 includes one or a plurality
of series resonators that are acoustic wave resonators. The resonance frequency of the series
resonator S11 closest to the antenna terminal Tant among one or the plurality of series resonators
of the reception filter 10 is higher than the upper limit frequency of the reception band Brx.

With this setting, the triple-beat value can be improved, as illustrated in FIGs. 20 and 21. In
order to function the reception filter 10 as a band-pass filter, it is preferable that the resonance
frequency of at least one of the other series resonators is located in the reception band Brx.

More preferably, the resonance frequencies of all of the other series resonators are located in the
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can be reduced by increasing the resonance frequency of the series
resonator S11. This may be considered as follows. As the resonance
frequency of the series resonator S| becones higher, the frequencies of
the transm ssion signals Stxl and Stx2 and the jammer signal Sjam becone
relatively farther away fromthe resonance frequency of the series
resonator S11. Thus, the anplitude of the surface acoustic wave excited in
the series resonator SI | becomes snall. Therefore, the non-Ilinear

di spl acenent excited becones small. Even when the resonator Si | is divided
into an increased nunber of resonators, the triple-beat value is inproved
by i ncr easd ign big ggsonance frequency of the series resonator Si!. It is
seen fron1€he above consideration that the triple-beat val ue can be
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triple-beat value.

[0055] It is preferable that the resonance frequency of the series resonator S11 closest to the
antenna terminal Tant out of the series resonators S11 and S12 of the reception filter 10 s the
highest among the series resonators of the reception filter 10. The series resonator S1! closest
to the antenna terminal Tant most affects the non-linearity. Thus, the resonance frequency of
the series resonator S11 is farthest away from the transmission signals Stx1 and Stx2 and the
jammer signal Sjam.

[0056] It is preferable that the resonance of the series resonator S12 closest to the reception
terminal Trx out of the series resonators S11 and S12 of the reception filter 10 is the lowest

among the serics resonators S11 and S12 of the reception filter 10. This is because the
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series with each other, the specification for the triple-beat value is
satisfied by setting the resonance frequency of the series resonator equal
to or higher than 2010 MHz. In a case where the series resonator SII is
divided into three resonators in series wth each other, the specification
for the triple-beat value is satisfied by setting the resonance frequency
of the series resonator S 11 equal to or higher than 1980 MHz. The
specification for the triple-beat value is generally equal to or |ower than
-79 dBc - -82 dBc in various comuni cation systens. FIG 21 enploys a | oose
specification out of the specifications for the triple-beat value generally

used. [ QQEQAn‘eQ of[‘ ‘{f]ig s%k%@ YE&ORRAL S IQrﬁﬁeﬁit%enté Ron RhRAUAR 16 AR noR IMRANG &

frequencies o Ivided resonators o he series resonator S11 afe equal
to each Qf Bkiest Ne resonator frequencies nmay be different fromeach other.
It is apparent that the triple-beat value is generally determ ned by the
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[ 0051] Aciﬁ&{e%sgﬁlllsitrgteg;ﬁ?gfd ﬁitthg 8910%%(?1; f(){ ﬁgﬁrqgr@gﬁﬂtdam 1; éaltitsﬁéd ejvgn 'V\ﬁ!l% uades

one or a p eries resona acousti c wave resonators.

The e SRESSHLERURARY Glnd DRcSRULERAANA oSlikioEhaREBE, L0 the antenna

t erm nal anon series resonators of the
recepti i{te 0 i.s higher than the upper Iimt frequency of the
receptig§%=(:%ljj(i]g Eﬁéﬁwﬁ%th this setting, the triple-beat value can be
d§¥ to functi.on t

raoopts dROFH) ¢ ot SHtereRibolicat o PPRR duboxelu PG wh Bisph0Eh Pkl ot
oo L RSB s AR B Fo bR R0 Bal
ey S5y ISHoB 0 G BT SR TR B o
di'vi ded ’sigifn%l ﬁ&l%g EB%EZa a%ld%hé _]}gi?ri[mérglegnal Sjam flow in the resonator concurrently. Therefore, -
the series resonator 524 closest to the antenna terminal Tant in the transmission filter 20 is
capable of considerably suppressing a leakage signal Sjamieax of the jammer signal flowing in the
transmission filter 20. In this case, the [eakage signal Sjamyex flowing in the transmission
terminal Ttx from the series resonator S24 is reduced, and the non-linear signal generated in the
transmission filter 20 is therefore reduced.
[0059] FIG. 22A is a circuit diagram of a duplexer used in a simulation of the second
embodiment. FIG. 22B is a circuit diagram of a duplexer in which the series resonator S24 is
not divided. Referring to FIG. 22A, the series resonator S11 of the reception filter 10 is divided
into three parts. The average resonance frequency of the three divided series resonators of the

series resonator S11 is set equal to 1960 MHz. The parallel resonator P11 of the reception filter

10 is divided into two in series. The series resonator S24 of the transmission filter 20 is divided
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resonance frequency of the series resonator Si! is equal to higher than
2030 MHz (that is, not |less than 102% of the upper Iimt frequency of 1990
MHz of the reception band Brx), as is seen fromFIG 21. It is thus
possible to inprove the triple-beat value. [0053]In a case where the series
resonator Sl is divided into two or nore in series, it is preferable that
t he average resonance frequency of the divided series resonators of the
series resonator Sl is higher than the upper limt frequency (1990 MHz) of
the reception band Brx, as is seen fromFIG 21. It is thus possible to

i nprove the triple-beat value. [0054] Further, in a case where the series

{he. aver BifoEs Rt Frisienes [Betbnas et Rl IO s D or e of the
Chan 1000000of TG A3BBFRETR of SRRy OH 2606 CRrprgion R AR Bl ana
or of or abtER iR sefers SIS PLI Ernapaat o1 TeTer nou PN B BB 1 S e
LA I RL L IR, R AL e e T
Lor m nal e SRbEORPFREBETHES HORS RV REAITTHOTRATT THE FEABRANE bur Bilency
of the series resonator Si! is farthest,away. fromthe.transm.ssion signals
Stx | ant® 3elkothghd Thant-EfRAnCS frﬁﬁﬁpcﬁ?féﬁ‘? S%’(%Beé]”ﬁtori 4;5‘6‘3?@ B} s Rat the
ut of t Feneetsves Mot SHoMIE GiFed it GF g mouib g MBI B ( he
S A e o e toteation band H ?m}heSlaZss gfc}argcqgrisrcig% &teitr%gsr}cliiséigner 10.
This is lesverlimd fraquency of the reception band Brx P ‘

filter 20 hardly changes in the transmission band Btx, whereas the pass characteristic thereof

varies slightly in the reception band Brx.

[0061] FIG. 24 is a diagram of the triple-beat value in the reception band Brx. The

triple-beat value is such that the non-linear signals of all the resonators of the duplexer are

considered. Numerals added to curves are anti-resonance frequencies of the series resonator

S24. The triple-beat value hardly changes at frequencies equal to or higher than 1945 MHz

even by changing the anti-resonance frequency of the resonator S24.  This is because the

non-linear signal of the series resonator S11 is most dominant at frequencies equal to or higher

than 1945 MHz.  On the contrary, a change of the triple-beat value is observed at frequencies

lower than 1945 MIz. This is because the non-linear signal generated in the transmission filter

20 is larger than the non-linear signal generated in the series resonator S11 at frequencies lower

than 1945 MHz. Particularly, the triple-beat value is improved by loweriﬁg the anti-resonance

frequency of the series resonator $24 at frequencies equal to or lower than 1935 MHz.

[0062] This is because the amount of passage on the low-frequency side of the reception

band Brx reduces due to the pass characteristic of the series resonator 824 illustrated in FIG. 23
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i nfluence of the series resonator 512 closest to the reception termnal Trx
to the non-linearity is the snallest. [0057]In a case where the series
resonator 511 is divided into three resonators in series with each other,

t he average resonance frequency of the divided series resonators is
preferably | ocated in the reception band Brx. In the case where the series
resonator 511 is divided into three or nore, as illustrated in FIG 21, the
specification for the triple-beat value is satisfied even when the
resonance frequency of the series resonator 511 is in the reception band
Brx. Second Enbodi nent [0058] A second enbodi nent is an exenpl ary dupl exer

i N whi ChyfdAGhE BRPRANGRCH FEAVEROE i seliBereS&iat R $24 &Mk Uowh @S@S Lidifint dte
antenna termnal Tant I1n the transmssion filter 20 is adjusted. The
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flowng int ansm ssi on ter In this case, the |eakage signal
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divided Th & 581 es resona sn135|on

filter 2s(e':)rle':ssresonz:lgor §94 is reduced to the vicinity of the lower limit frequency of the reception band

Brx. From the above, the anti-resonance frequency of the series resonator S24 is preferably in
the range of 1932 MHz to 1938 MHz.

[0064) The simulation of the second embodiment handles the case where the series resonator
S24 is divided into four in series. Similar results are obtained in a case where the series
resonator S24 is not divided, as illustrated in FIG. 22B. This is because the anti-resonance
frequency is set using the pass characteristic of the series resonator S24 for the purpose of
restraining the leakage signal Sjamiey of the jammer signal from flowing in the transmission
terminal Ttx. Similar results are obtained in a case where the series resonator S24 is divided
into parts other than four. Similar results are obtained in a case where at least one of divided
parts of the series resonator S24 has the pass characteristic illustrated in FIG. 23. In this case,
the leakage signal Sjamye, of the jammer signal that flows in the transmission filter 20 can be
restrained.  Preferably, all of the divided parts of the series resonator 524 have the pass

characteristic iHlustrated in FIG. 23.
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into four. The other structures are the sane as those illustrated in FIG
17. [0060]FIG 23 is a diagram of a pass characteristic of the transm ssi.on
filter used in the sinulation and a pass characteristic of the resonator
524 solely. Numerals added to curves in FIG 23 are anti-resonance
frequencies of the resonator 524. Referring to FIG 23, it is assuned that
the anti-resonance frequencies of the divided resonators of the series
resonat or 524 are equal to each other. The anti-resonance frequency of the
series resonator 524 divided into four is changed every 2 Miz from 1940 Mz
(used in the first enbodinent) to 1930 MHz that is the lower limt

f requenci(,f,@é] the, I & %&%g{r} dslgéd?ﬂ Blbbdinkhe tRAsMmseRaiadiier 2einciudes ortetre more
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band Brx).

[0066] In the case where the series resonator $24 is divided into two or more parts, at least
one of the divided series resonators is preferably not less than 100.1% of the lower limit
frequency of the reception band and is not more than 100.4% thereof. More preferably, the
anti-resonance frequencies of all of the divided resonators are not less than 100.1% of the lower
limit frequency of the reception band and are not more than 100.4% thereof for the purpose of
suppressing the leakage of the jammer signal Sjam to the transmission filter 20.

[0067] In the case where the series resonator 24 is not divided, it is preferable that the
anti-resonance frequency of the series resonator 524 is not the highest among the series
resonators S21 ~ $24 of the transmission filter 20. For example, it is preferable that the
anti-resonance frequency of any of the series resonators $22 ~ S23 is higher than that of the
series resonator S24.  In the case where the series resonator 524 is divided into two or more

serjes resonators, the anti-resonance frequency of at least one of the divided series resonators of
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when the anti-resonance frequency of the series resonator 524 is reduced
down to the vicinity of the lower Iimt frequency of the reception band
Brx. It is thus possible to suppress | eakage of the jammer signal Sjamto
the transmission filter 20 and to suppress the generation of the non-Ilinear
signal in the transmssion filter 20. [0063] When the anti-resonance
frequency of the series resonator 524 is too close to the lower limt
frequency of 1930 MHz of the reception band Brx, the triple-beat value in
the range of 1935 MHz to 1945 MHz deteriorates. This is because the anpbunt
of passage of the series resonator 524 solely increases in the range of
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[0070] In the case Where the series resonator $24 is not divided as depicted in FIG. 22B, the
anti;resonance frequency of the series resonator $24 may be within the reception band Brx.
Thus, the triple-beat value may be suppressed. In FIG 22A, in the case where the series
resonator S24 is divided into two or more series resonators, the anti-resonance frequency of at
least one of the divided series resonators may be within the reception band Brx.

Third Embodiment
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[0066] I n the case where the series resonator S24 is divided into two or
nore parts, at |east one of the divided series resonators is preferably not
| ess than 100.1% of the lower limt frequency of the reception band and is
not nore than 100.4% thereof More preferably, the anti-resonance
frequencies of all of the divided resonators are not |ess than 100. 1% of
the lower Iimt frequency of the reception band and are not nore than
100. 4% t hereof for the purpose of suppressing the | eakage of the jamrer
signal S§amto the transmssion filter 20. [0067]1n the case where the
series resonator 24 is not divided, it is preferable that the
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A e S MRk GRS bRl Rbc b (GG BERIRShaLs S22 -
o o1 or abie Weses hR iy 8¢ emanca i TaRap! TPfe R SAMEPOTI, i e
Sori oo rohAVBIIe e eeon e PRIEREPIRTFT (or 10, The above
Case vl e Sse s aBBRl HRBas el R GGt iRyl e M D e

embodiment. FIG. 25B is a circuit diagram of a duplexer in which the parallel resonator P11 is

not divided. Referring to FIG. 25A, the series resonator S11 of the reception filter 10 is divided

into two. The resonance frequency of the series resonator S11 composed of the divided series

resonators is 2100 MHz.  The parallel resonator P11 of the reception filter 10 is divided into

four. The series resohator S24 of the transmission filter 20 is divided into four. The

anti-resonance frequency of the series resonator 524 composed of the divided series resonators is

1936 MHz. The other structures are the same as those illustrated in FIG. 22A, and a description

thereof is omitted here.

[0073} FIG. 26 is a graph of a pass characteristic of the reception filter used in the simulation

and a pass characteristic of the parallel resonator P11 solely. Numerals added to curves in FIG.

26 are resonance frequencies of the parallel resonator P11.  Referring to FIG. 26, the divided

series resonators of the series resonator P11 have an equal resonance frequency. The resonance

frequency of the parallel resonator P11 composed of the divided series resonators is changed
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frequency of the series resonator S24 may be set to the | owest anong the
series resonators S21 - S24 of the transmssion filter 20. In the case
where the series resonator S24 is divided into two or nore series
resonators, the anti-resonance frequency of at |east one of the divided
series resonators of the series resonator S24 may be set to the | owest
anong the series resonators S21 - S24 of the transmssion filter 20. The
above arrangenents define the pass band of the | adder type filter. [0070]1n
the case where the series resonator S24 is not divided as depicted in FIG
22B, the anti-resonance frequency of the series resonator S24 may be within
the reception band Brx. Thus, the triple-beat value may be suppressed. In

FI G 22Aveiye MIE a6 909eie: (1A i§ eiel RS #n8 Sl embSBthehS) @i 191 FI&AHTE NtThet WO OF
nore series resonators, the anti-resonance frequency of at |east one of the

di vi ded geinafte ﬁéiq]%@rﬂﬁto_@ﬁﬁt pEBlePRsdHatdRiP 1 HBR o FRRUE QPaRFNE offimd inthkiabce.
Enbodi nent [0071] A third enbodi nent is an exenpl ary dupl exer in which the

r esonanCehd paesieRnkierighic biBe RAER ondlitck €6 RAALVhasdcd 7ald1dsOof B r&Bh&REA
termnal Tant in the reception filter 10 is adjustéd. The non-Ii1near signal

of the tfiéqibfyRgMcSpakallcOROGAr@d When the three signals of the transm ssion
signals Btxl and Btx2 and the jamer signal Sjamflow in the resonator

concurr embya]. TIFEG.SFQE £ diakhfh GRh&rpR-bdaf 00 IAhe Rldptibh ®afFBHL O THae antenna
termnal Tant in the reception filter 10 is capable of considerably

SUppr esskipR-deatdAdSs §ﬁ&ﬂﬁét§h§§dﬁ'—liﬂe§ﬁéﬁg@£&do§tll)iﬁé RRknatddabe tht QUpIbkLr bRE
10. | dué to [ el

reception filter . I'n this case, t he paral resonator P11, the

| eakage &hnGlaks. Sbhials 288 tgtéﬁgﬁégretrgﬁ%raﬁcle%qﬁéﬁcfe??f {h@ﬁ)%@Tlélqgso?lﬁﬂb?Egﬁl S

Trxl and Trx2 are reduced, and the non-linear 'signal generate
recepti ofisfsebit £6m 96 OF A SHPRIGSP CMlue hardly changes at frequencies equal to or lower

than 1975 MHz even by changing the resonance frequency of the parallel resonator P11. In
contrast, a change of the triple-beat value is observed at frequencies higher than 1975 MHz.
This is because the non-linear signal of the reception filter on the reception terminal Trx side is
dominant at frequencies equal to or lower than 1975 MHz due to the parallel resonator P11,
[0075] Particularly, at frequencies equal to or higher than 1985 MHz, the triple-beat value is
improved by increasing the resonance frequency of the parallel resonator P11.  This may be
explained from the pass characteristic of the parallel resonator P11 inFIG.26. An
interconnection line of a filter chip, a bump, a package wiring line and the like are connected to
the termihal of the parallel resonator P11 on the ground side. These inductances are added to
the ground terminal of the parallel resonator P11.  The inductances added to the ground
terminal of the parallel resonator P11 shifts the resonance frequency thereof to a lower side.
When the parasitic inductance added to the ground terminal of the parallel resonator P11 is
considered, the resonance frequency of the parallel resonator P11 is approximately 5 MHz lower
than that in FIG. 26. For example, in the 1.9 GHz band, a general ground impedance of 0.1 nH

added to the parallel resonator lowers the resonance frequency of the parallel resonator by about
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[0072] FIG 25A is a circuit diagramof a duplexer used in a simnulation of
the third enbodinent. FIG 25B is a circuit diagram of a duplexer in which
the parallel resonator PII is not divided. Referring to FIG 25A, the
series resonator S 11 of the reception filter 10 is divided into two. The
resonance frequency of the series resonator 511 conposed of the divided
series resonators is 2100 WHz. The parallel resonator P11l of the reception
filter 10 is divided into four. The series resonator 524 of the
transmssion filter 20 is divided into four. The anti-resonance frequency
of the series resonator S24 conposed of the divided series resonators is
1936 MHz. The other structures are the same as those illustrated in FIG
22A, and> MItescription thereof is onitted here. [0073]FIG 26 is a graph of
a pass characteristic of the reception filter used in the sinmulation and a
pass chali0febier i Sthen thé pash ehgrantalstie bf the paraHelarsoRdtér Bbll ilhistratdduimdi @l 26 iadded to
curves in FIG 26 are resonance frequencies of the parallel resonator P11.
Ref er r i ndpifted &b GweéGidetbyabaout\d MEld, the aimesntrod passadeart sheofardllebresemait@P 11 esonat or
P11 have an equal resonance frequency. The resonance frequency of the

par al | el becasersmiadier £ the anopnse fleqiensshef thé paraléd rsetdbdtas? I ésonadsdiighet i thlanged
every 2 MHz from 1909 MHz (used in the first and second enbodi nents) to
1917 MHzvicithitgof ths opysen dienif afahpencninionttasd Bat. alThak, wies ansjammePbigng Ggan ot
include a parasitic ground inductance. The pass characteristic of the
recept i aroskitd theruppér lhnaic of the edvapipmcbane Gax (higislsisehjudl e of Kigkst alge 985 agagncy of
the parallel resonator P11. [0074]FIG 27 is a diagramof the triple-beat

val ue i nfoi &antpds etht baalléasdnBoxP 1 [Theplekdep li-10kage siglalkeStk B.SatelBtkhat oftthe
non-linear signals of all the resonators of the dupl exer are considered.
Nurrer al scoadspRéding tabidnyiesorasignal e STINANGE [k pEnitd ehsmission 8ighalk atiiaind Stx2
resonator P1l. It is seen fromFIG 27 that the triple-beat value hardly
changes tathd eagpuen €iltas] (oad ak réstabed! OMRY thid@RsibR 1S siyffcse MRehdraGhifsfdheIg t he
resonance frequency of the parallel resonator Pl11. I'n contrast, a change of
the tri ploga-lheatsighal hahé &CQQQQFMQQ 1@t frequencies higher than 1975 MHz. This
is because the non-linear signal of the reception filter on the reception

term naljod77] Si GeFiGs 27 QMenand reddnah&CHURBAIYRST tROp1le] RsOatdrPRlis SN o475

MHz due to the parallel resonator P11.
MHz, the triple-beat value deteriorates at frequencies of 1975 MHz to 1985 MHz. This is
because, when the resonance frequency of the parallel resonator P11 is set to 1917 MHz due to
the pass characteristic of the parallel resonator P11 taking the parasitic ground inductance
illustrated in FIG. 26 into consideration, the amount of passage of the resonator P11 solely
having frequencies that are 5 ~ 15 MHz lower than the upper limit frequency of the transmission
band Btx increases. As a result of the above consideration, the resonance frequency of the
parallel resonator P11 is preferably 1911 MHz ~ 1917 MHz when the parasitic ground
inductance is not included, and is preferably 1906 MHz ~ 1912 MHz when the parasitic ground
inductance is included. A deterioration of the triple-beat value at frequencies of 1975 MHz ~
1985MHz is not as large as that at frequencies of 1935 MHz ~ 1945 MHz of the second

embodiment in FIG. 24. Tt is thus preferable that the resonance frequency of the parallel

resonator P11 is equal to or higher than the upper limit frequency of the transmission band Btx
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[0075] Particularly, at frequencies equal to or higher than 1985 WMHz, the
triple-beat value is inproved by increasing the resonance frequency of the
paral l el resonator Pl1. This nay be explained fromthe pass characteristic
of the parallel resonator P11 in FIG 26. An interconnection line of a
filter chip, a bunp, a package wiring line and the |like are connected to
the termnal of the parallel resonator PIl on the ground side. These
i nduct ances are added to the ground term nal of the parallel resonator P11.
The inductances added to the ground term nal of the parallel resonator Pl
shifts the resonance frequency thereof to a | ower side. Wen the parasitic
i nductance added tq the ground term.nal of the rallel resonator PlI is
consi der'@@SPeEe HadGHISHEDE PRiasida gAY ot us%cedar%ﬁa%@ﬁl or¥onator Pl1 is
approximately 5 WMHz |l ower than that in FIG 26. For exanple, in the 1.9 G&
band, a @8 al T§e simvptiopss thertbied embelimeniihandaetn smplksy tpae Bibesthe pasdliedt or
| oners the resonance frequency of the parallel resonator by about 5 IHz.
[ 00761WiesPnelRe P bhis<livddrdhigtorfeys s osveyer, likpethp gongideeatiop o5 g aedsmd pmpodiment,
illustrated in FIG 26 is shifted to a |lower side by about 5 MHz, the
amount cimpargesdfs afobiained yaica theparalicd sasamaser B is wl dorides asikystrated asFiGhe
resonance frequency of the parallel resonator P11 becones higher in the
vi ci ni t y258% FHehepisayitsisimilar to thophel the thirdimborimenbars @bgined wign she raprdlsl t he
j amrer si gnal S{an1[§ close to the upper Iimt of the reception band Brx
(whi ch iresoagigaP 1k is dbvided igleanarts Adwr the SurzIn thease whers|tho parallebroseraiar PA|L
resonator Pl suppresses the | eakage signals Stxl|ieak and Sta.', of the
cor r es pondividgd tintapeus, S resongnagritdquentyy@f at lease onceefithydivisied resenaterapé thes si on
signals Stxl and Stx2 to the reception filter 10 can be restrained. It is
t hus possrablebresanatonBht bassthe hess ghareeteristiowf 51G. 2A donthhpurperseat sepgesaingi n t he
reception filter 10. [0077]In FIG 27, when the resonance frequency of the
par al | elleakegoeilthoirarpimission ssgnal tochd @egptivkizernmingd Tex. i Frefetablyt all/ef thedivided
deteriorates at frequencies of 1975 MHz to 1985 MHz. This is because, when
t he resaoemnatersiofdlipmmaie! tekonag Aahavd bk passcbaractenistef FIG 26et to 1917 Mz
due to the pass characteristic of the parallel resonator P11l taking the
par asi t i[807T¥ oundceording t@athe¢hird ¢mbadimedthe necEption Her il firelwlensiaaragtlielity t he
anount of passage of the resonator P11 solely having frequencies that are 5
- 15 MHofpanatie] redoaatotshe Iuthpensel whrire the pellelresonator P hkeistnotdisided st sn band Bt x
increases. As a result of the above consideration, the resonance frequency
of the paefalablelthatdsorsinenceHrdquendysf piregfaeallebieyorbdit P1 Mg ludingdhe pikkitimhen t he
parasitic ground inductance is not included, and is preferably 1906 MHz -
1912 MHzzevndnndusenpaisd 906 MHzftlou il 99 .8 tuefithergper Bmitdclqueteg of A0 aMelzioftiet | on
of the triple-beat value at frequencies of 1975 MHz - 1985Ml-1z is not as
| ar ge agrahémissiaf bardeBpe nclhes, afilldedtedMHFIG 21946 triizbadt valne cadsongpressed.
enbodinent in FIG 24. It is thus preferable that the resonance frequency
of the [atleldasd whers drrgfacalicPionator #qldd dividedintdivgheried feasnatdreouupperthei m t
frequency of the transm ssion band Bt x

average resonance frequency of each divided resonator of the parallel resonator P11 including

the parasitic grbund inductance is preferably equal to or higher than 1906 MHz (that is, 99.8% of
the upper limit frequency of 1910 MHz of the transmission band Btx or more). Further, the
resonance frequency of the parallel resonator pl1 including the parasitic ground inductance is
equal to or lower than 1912 MHz (that is, 100.1% of the upper limit frequency of the
transmission band Btx or lower).

[0080] In the case where the parallel resonator P11 is not divided as illustrated in FIG. 25B,
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irrespective of whether the parasitic ground inductance is included or not.
[ 0078] The sinulation of the third enbodi nent handl es an exenpl ary case
where the parallel resonator P1l is divided into four. However, |ike the
consideration of the second enbodinent, simlar results are obtained when
the parallel resonator P11 is not divided as illustrated in FIG 25B.
Further, results simlar to those of the third enbodi nent are obtai ned when
the parallel resonator PIl is divided into parts other than four. In the
case where the parallel resonator P11 is divided into parts, the resonance
frequency of at |east one of the divided resonators of the parallel
resonator Pll has the pass characteristic of FIG 26 for the purpose of
suppr essit fPreferakisdat dhe resppangedirgnencyios hegragig) resenaton 81} mcbgingdhe papsitinal
Trx. Preferably, all_ of the divided resonators of the parallel resonator
P11 haveZeyl ipauctanee isregpalde pshigherdhanthenpmr lipdidirgpacy of d? HyMiHe afitke t hi r d
enbodi nent, the reception filter 10 includes one or a plurality of parallel
r esonat drasmisgion fhand-Bee Whus, as tlhetrged w §l61 2% swgripledcatyaluc ogn he supjiresseted, it
is preferable that the resonance frequency of the parallel resonator Pl

i ncl udi g HEe5pa imaeast evheredbmpearalied sespeaterd lil gs digoigd e tye seaies resonaers 896 of
the upper Iimt frequency of 1910 MHz of the transm ssion band Btx). Thus,
as i || usnerat i freferble that the dverage resbranibe equeatef eaeindiyisled sprins eesonalor ¢fithe he

case where the parallel resonator PIl is divided into two series resonators
or nor e,paralisl wyenatg & 11 énsbudingthe paresjtie goyndindectatreds eduakie or bighaathaen thef t he
paral l el resonator Pl including the parasitic ground inductance is

pr ef er abippediioi freqeenoy ol YJiiévHe hfithe 1:208niksion bardBixi sFurg@r, 89shefcasdneharpper
limt frequency of 1910 MHz of the transm ssion band Btx or nore). Further,
t he reschapaelld resquasorcRl 16§ divided puzto sivb edries essonatom or ploke, theatsedamey frdqeency
parasitic ground inductance is equal to or |lower than 1912 MHz (that is,
100. 1% off at lzestwpp ef the idividedfsedeprestmytoos ofttheeparalieh saspisgordH 1 iz dod&t not drcludewer ) .
[0080] I n the case where the parallel resonator Pl is not divided as

i |1 ust r gheparasitiC-gGundmByctanice i3 equpl tefoe highbethémtht upper Imesherpeney ¢iOqUdMIEY of
the parallel resonator P11 including the parasitic ground inductance is
equal t cfdhe tringinéssiohlbvamd Bhe dpisér bd noted that the dzasyionof 1R kesolvkire dfeqtidney of
transm ssion band Btx. Thus, as illustrated in FIG 27, the tripl e-beat

val ue camldaet swppriesisaded derietetdnabfof the paralld sesondner Bl ltth& doas adtlisdlude the
resonator PIl is divided into two series resonators or nore, it is

pr ef er abjaessititggrourkénducanag s bassiamnahe tacf thethie disyussibn efithie reiowarde dreg@dnice 61
resonator of the parallel resonator PIl including the parasitic ground

i nduct araeh divided yariestresonstohdfrheparhiiad fesoforpii&hatlindiides tHegaueniRyer@ind1 910 MHz
of the transm ssion band Btx. Further, in the case where the parall el

r esonat dhdielihce & radavingf@s.i nto two series resonators or nore, the resonance
frequency of at |east one of the divided series resonators of the parallel
resonat qoogi}l t hithe doRSvHEed the RedalieleddnetopRI B8 inbi divide®URerekfAded BafRndyS
equal to or higher than the upper Iimt frequency of 1910 MHz of the

t ransni seitggpdantrddénator! P 1 iigelidind e polaside gvahd iiacd s@Usse0d (8 highat
resonance frequency of at |east one of the divided series resonators of the

par al | elanicdgeRep@4llePlebortai@t o8 Seddprion Medrude IBe BAE Khickd the PAraNE) desonator
i nductance i s based on the fact that the di scussion of the resonance

frequenayi 16§ deateh iflb Wiél adics dsb@fork 85 ABAL, Be rédonhlte fRAN&ICY BF at1eROHR 11
that includes the parasitic ground inductance is meaningl ess.
divided series resonators of the parallel resonator P11 that does not include the parasitic ground
inductance can be set to the highest among all the parallel resonators P11 ~ P12 of the reception

filter 10. This is because the parallel resonator P11 closest to the antenna terminal Tant most

affects the non-linearity.
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[0081] In the case where the parallel resonator P11 is not divided, the
resonance frequency of the parallel resonator P11 including the parasitic
ground i nductor can be set to the highest anong the parallel resonators of
the reception filter 10. In the case where the parallel resonator P11 is
divided into two series resonators or nore, the resonance frequency of at

| east one of the divided series resonators of the parallel resonator P11
that does not include the parasitic ground inductance can be set to the

hi ghest anong all the parallel resonators P11 PI2 of the reception filter
10. This is because the parallel resonator PIl closest to the antenna
termnal Tant nost affects the non-linearity. [0082]1n the case where the
par al | el [(08Honathethepase whaye theparadek mgonplor BpE tlosest terthg reagptipp ferminal R in
reception filter 10 is not divided, the resonance frequency of the parall el
r esonat ofhe Feceptianciilisdil 6 ép non divided aibe résenapee fragenpyioiche puelld sesoprtosRi2 t o t he

| owest anong all the parallel resonators PlI - P12 of the reception filter
10. | n tineludingéhegraeasiictgneundandictapke eandwrsat torthePowestamging el éhe narallsl t wo seri es
resonators or nore, the resonance frequency of at |east one of the divided
seri es ruesoptroP of 12 dighprecetioslfillee $&n dn dhe @s@whéra thedueallehresonatm|Rldds t he
parasitic ground inductance can be set to the | owest anong all the parallel
r esonat odigidpdl intdPvR sefies feeomabrept more, fhi kesenante frediiney pkat rastaare of thealipidedl | el
resonator P12 closest to the reception termnal Trx has the | east influence
t o t he nsenesd iepmatars 9f thé-paralidi résobatdi MiRrthat[doesaitAndlalertbhparadiiodgnrent i s an
exenpl ary dupl exer in which the anti-resonance frequency of the series

r esonat andig28ce sareisj sestoetle loe@ an®BW allshaparaliet misonadoradil hmPd? ofithdugdeptiar  of
the fourth enbodinent, and FIG 28B is a circuit diagramof a duplexer in
whi ch t hiltesdfi eThis éslmoatse the§RBallebresmiatotiPl £ dldest Asthe kdcoptionatmdnal Trihs th@8A,
the series resonator S 11 of the reception filter is divided into two. A
par asi t i leasyindluonteito theatoaroearit®1 i s provided in conmon to the parallel
resonators P21 and P22 of the transmission filter 20, and a parasitic
ground iFuthiBamtediched? i s provided to the parallel resonator P23. Each of
the series resonators S2I, S22 and S23 is divided into two. One of the two
di vi ded [g083]es redonktmbasdiingnttiaah etdmplire daplekesn whihnid antsreSitlanceb22 and 523
closer to the transmission terminal Ttx is given reference nunerals S21a,
S22a andrdgideey of g@seritd résdnytor SD® isaidiateddi ViGiQgAdes cieitrdispambos duple@aoh of
the series resonators S21, S22 and S23 closer to the antenna term nal Tant
i's gi venh¢ efuethenbodimenE aad FIG28B is Heidnitadishrom 3ba diflexeihehich thdketiey es are
the sanme as those of the first enmbodinent illustrated in FIG 17, and a
descri ptrewnatoR 828 Rfnot SivilEt! t &diligfréted in FIG. 28A, the series resonator S11 of the

reception filter is divided into two. A parasitic ground inductance L.21 is provided in common
to the parallel resonators P21 and ?22 of the transmission filter 20, and a parasitic ground
inductance .22 is provided to the parallel resonator P23. Each of the series resonators S21, §22
and S23 is divided into two. One of the two divided series resonators in each of the series
resonators 821, §22 and S23 closer to the transmission terminal Ttx is given reference numerals
S21a, S22a and S23a, respectively. The other divided series resonator in each of the series
resonators S21, §22 and S23 closer to the antenna terminal Tant is given reference numerals
S21b, S22b and S23b. The other structures are the same as those of the first embodiment

illustrated in FIG. 17, and a description thereof is omitted here.
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[0084]FIG 29A is a diagram of a pass characteristic of the transm ssion
filter and a pass characteristic of each series resonator. In FIG 29A the
anti-resonance frequency of the series resonator S23a is 1978 MHz. FI G 29B
is a diagramof the triple-beat value in the reception band. As illustrated
in FIG 29B, the triple-beat value deteriorates in the vicinity of the
center of the reception band Brx. [0085]FIG 30 is a diagram of a pass
characteristic of the transmssion filter and a pass characteristic of the
series resonator S23a solely. Nunerals added to curves in FIG 30 are the
anti-resonance frequencies of the series resonator S23a. As illustrated in
FIG 30, the anti-resonance frequency of the series resonator S23a is
changed [8084ly 5 Fi29%iparipgem afiazpashehpomterisie of the Branggussian flter patha gasst he
amount of attenuation of the transmssion filter 20 in the reception band
Brx is -ch3rag®ristiy of captescrienresonasasi ol FIG 24 thoaniigiesapayes firquea af thecsgtison.
[0086] FIG 31 is a diagramof the triple-beat value in the fourth
enbodi nmemsonaton§234 isU87F Milss e 20Btiak diagtan ef thewiple bea Balud dhelEacpipnt he
non-linearity signal of all the resonators and the triple-beat value of the
seri es rtewdnateillseaed sfl6l 39B, Khaeiple-ratviheaidatesiosafesiadhg vicipjtgoBthe gentert he
anti-resonance frequencies of the series resonator S23a. As illustrated in
FI G 31,ofdke teheptimntband Bsonance frequency of the series resonator S23a is
| ower, the triple-beat value is better. The triple-beat value is reduced
when t he[0088]i - r #§a s e diapequelingasofhatdsteristie pithe rensorissiar fiig2 3ud A passqual to
or lower than 1970 MHz. At frequencies equal- to or |ower than 1960 MHz, the
t ot al t rdhptaetelistit ofithd seeics esomtordi2Bectlely. . NTinatals asided toecurngh inl FlifeadP aeyhof t he
series resonator S23a hardly affects the non-linearity of all of the other
r esonat cmsi-refdh@BcE] fAseencitisng thessetitrerefamator 82 3arb o'dhi itesitatedtin €16 38nkhri ssi on
filter 20 includes the plurality of series resonators. The anti-resonance
f r equencintisresdnatdecfregieency of teseried os@1aSP $23 i dh@@Bbeveex b Midz frbm 1980 Midz
resonator S24 closest to the antenna term nal Tant anong all the series

. t0 1930 MHz. The specification of the amount of attenuation of the transmission filter 20 in the

reception band Brx is —43 dB. . All the transmission filers 20 satisfy the specification.

[0086] FIG. 31 is a diagram of the triple-beat value in the fourth embodiment, and illustrates
the total triple-beat value considering the non-linearity signal of all the resonators and the
triple-beat value of the series resonator S23a solely. Numerals added to curves in FIG. 31 are
the anti-resonance frequencies of the series resonator S23a.  As illustrated in FIG. 31, as the
anti-resonance frequency of the series resonator S23a is lower, the triple-beat value is better.
The triple-beat value is reduced when the anti-resonance frequency of the series resonator S23a
is equal to or lower than 1970 MHz. At frequencies equal to or lower than 1960 Mz, the total
triple beat value is not affected.. That is, the non-linearity of the series resonator S23a hardly
affects the non-linearity of all of the other resonators.

[0087] According to the fourth embodiment, the transmission filter 20 includes the plurality
of series resonators. The anti-resonance frequencies of the series resonators S23a and S23b

next to the series resonator S24 closest to the antenna terminal Tant among all the series
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resonators of the transmssion filter 20 are preferably equal to or |ower
than 1970 MHz (that is, 102.1%of the lower |imt frequency of the
reception band Brx or |lower). Mrre preferably, the anti-resonance frequency
of the series resonator S23a is equal to or |ower than 1960 MHz (that is,
101. 6% of the lower limt frequency of the reception band Brx or |ower).

[ 0088] The sinulation of the fourth enbodi nent handl es the case where the

series resonator S23 is divided into two. However, |ike the consideration
of the second enbodinent, simlar results are obtai ned when the series
resonator S23 is not divided as illustrated in FIG 28B. Further, results

simlar to those of the fourth enbodi nent are obtained when the series

r esonat oesB2a®r of thi ipangedssiontfdtepal are perfpreblychad te ailopar than 1979 Mk (dhatis, wher e
the series resonator S23 is divided into parts, the anti-resonance

f r equenchp2di af the deveer ligniefresfuendyeot dhaveekption barshBixer dover). t Mdorgar¢ierbiyebenat or
S23 has the pass characteristic of FIG 29A. Preferably, all of the divided
r esonat cnti-resonpims firgnénsy of deoeresnes@2Br Raveistehenl paosiovhnthae § 200 Bilzdthat isFI G
29A. [0089] As descri bed above, in the case where the series resonator next
to the sidlitdsofbes brver dmicliopesty dfthe teecptinn bandeBixearddwier). Tant i s di vi ded
into two or nore, the anti-resonance frequency of at |east of the divided
seri es r[@888)at oThe SaBdatmndf BRIbuitisebpdihenthandled hoezsetvihare the Serik¥oesbnatore
lower Iimt frequency of the reception band Brx. Mre preferably, the

anti - r esX2jdndeided aqoemei ddowéveallike theecodsivérdidsh afghé sssondeeubmlimen, smdarequal
to or lower than 101.6% of the lower Iimt frequency of the reception band
Brx. [ 0GedaitAsrd dbtaistdreliendhe series Bso@B,S2Bns tdteliddsiasilthestretet e FK& 28BS
resonator next to the series resonator closest to the antenna term nal Tant
i s not diuvthekechsulis sim#arp eficze abthe fourtit entbodinaatt arerddsomanelenfthesuien sgomafort he
series resonator S23 that is not divided is equal to or |ower than 102. 1%
of the |S23ds dividet intd patuatherthaf twolyarts.e claphé case baiaa tBr serief-reboriatderi28ds ment

divided into parts, the anti-resonance frequency of at least one of the divided resonators of the
series resonator S23 has the pass characteristic of FIG. 29A. Preferably, all of the divided
resonators of the series resonator $23 have the pass characteristic of FIG. 29A.

[0089] As described above, in the case where the series resonator next to the series resonator
closest to the antenna terminal Tant is divided into two or more, the anti-resonance frequency of
at least of the divided series resonators $§23a and S23b is equal to or lower than 102.1% of the
lower limit frequency of the reception band Brx. More preferably, the anti-resonance
frequencies of all the divided series resonators are equal to or lower than 101.6% of the lower
limit frequency of the reception band Brx.

[0090] As illustrated in FIG. 28B, in the case where the series resonator next to the series
resonator closest to the antenna terminal Tant is not divided, it is preferable that the
anti-resonance frequency of the series resonator $S23 that is not divided is equal to or lower than
102.1% of the lower limit frequency of the reception band Brx.

Fifth Embodiment
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[0091] A fifth enbodi nent is an exenplary duplexer that is actually

manuf actured and the triple-beat value thereof is neasured. FIG 32Ais a
circuit diagram of a duplexer in accordance with a conparative exanple, and
FIG 32Bis a circuit diagramof a duplexer in accordance with the fifth
enbodi nent. I n each of FIGs. 32A and 32B, the reception filter 10 and the
transm ssion filter 20 are filters using the surface acoustic wave
resonators. As illustrated in FIG 32B, the configuration of the dupl exer
of the fifth enbodinent is the sane as that of the third enbodi nent
illustrated in FIG 25A, and a description thereof is omtted here. The
series resonator S22 is conposed of the series resonator S22a closer to the
transm 99 t eArfifihambpdiment ixpnaramplary dplexeshads artuahapaniiactupd angl hee
antenna term nal Tant. The series _resonator S12 is conposed of a resonator
S12b cl ¢uple-bed viehue thaseadps messuredy nFHaP241is@ ciggyif dagran ghadeplexsr gxascordanss t o
the antenna termnal Tant. As illustrated in FIG 32A, the duplexer of the
conpar atwithe2 egmnspitive iexanaplpfang iike $2Bds & piaeuit diegram of a duplaxss iafgerdgnaewitly
divided into three, the series resonator S24 is divided into two, and the
par al | elthe BBlopmbedimpnty eagh of B 334 and 398, thevecepiipnfilter 1Gaddhat or P12 is
not divided. The other structures of the conparative exanple _are the same
as t hosdrapsmissien fijt¢n29 aserfilietis peing thersurfaag acamtic wanelregorpsrer | P ilystratebineof i s
omtted here. [0092]FIG 33 is a diagramof a pass characteristic of the

t r ansni $$GRB; tHetconfigiratidneof dhgpduplexer of the fih emhpdimant iy thesraap that eifie a pass
characteristic of each series resonator. FIG 34 is a diagramof a pass
char act ¢hirdembpodimentidustrated SmFKS 2dA, dnidlatdescription itherdaf fig ¢midtad beremehhe seaigel a
pass characteristic of each series resonator. Referring to FIGs. 33 and 34,
t he ant iresoeston$2icie compeped of theotrigshresopator 822arcdesontatthe rgpmissfonttergnisdlivar at i ve
exanple is 1940 MHz, and the anti-resonance frequency of the series

r esonat and 824enés resonator S22b dndpoth the attens twod6allleut. Byie striasgésopatoh®l2 is
anti-resonance frequency of the series resonator 524, the degree of

suppr essbmposfl of heesonamsSii2bsileear tbithd rerep?ion itermirsd Tre ewhba resondberredbser S12a to
deteriorates. In order to correct this, according to the fifth enbodi nent,
t he ant ithe ssomnangmifal Eanutendy ilbfstrithe inslG 33A rths dupddexer o822 aomparstite egampls t 0
be 4 MHz | ower than that of the conparative exanple. [0093]FIG 35 is a

di agr amioondigped so dhathaceresirsdonaton§ 11t isdividmiaptoithree fth¢ saies ofsondter SPdps exer of
t he conparative exanple, and a pass characteristic of each series

r esonat dividdd i&o t86, arsl the parallel acvondtoaP Has dividedrisiotreoi sThapaville resomaterdyd®i on
filter of the fifth enbodi nent, and a pass characteristic of each series

r esonat @¢ notllefided: i Me btheFftERturdSofabdcadpardtive exasgn arecthe aneopsahasy ofthet he
series resonator S 11 of the conparative exanple is 1952 MHz, and the

r esonang@thfanetad ey iroFIG BEB,3ad iadssdripaom dletsof Bl dmiaéd hdre. fifth enbodi ment is
2070 MHz. This change of the resonance frequency of the series resonator
Sl det go092] at eBIC. B8 itedih@emalt apdiivhessietifticad! thdwearBingRiohrfiap efiby depleer of
the pass band of the reception filter 10. In order to correct this,

accor di g tHeotperativé tungnd add Apads chitgerigroTanteefieoeseany. FIG heisseri es
resonator 512b is set to 1952 MHz to which the series resonator SI| of the

conpar atdiaseane $B0PAse chradi€istic bhthetRASHNRSIBA Vit theS BN anbadimeguencyasof t he
series resonator Sl2a is not changed but that of the series resonator Sl2b

i s changgglaéteridtlRalf chdhSefi@S@iRGe fREGHREEY Fills. BRend B ditadnditredddaicel s fart her
away fromthe antenna termnal Tant and is not affected by non-linearity is
nmade cl ggQudRy bhfheRaTS rBRAtkor $24 of the comparative example is 1940 MHz, and the

anti-resonance frequency of the series resonator S24 of the fifth embodiment is 1936 MHz. By

changing the anti-resonance frequency of the series resonator S24, the degree of suppression of

the transmission filter 20 in the reception band deteriorates. In order to correct this, according
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[0094] FIG 37 is a diagram of a pass characteristic of the reception filter
of the duplexer of the conparative exanple, and a pass characteristic of
each parallel resonator. FIG 38 is a diagramof a pass characteristic of
the reception filter of the duplexer of the fifth enbodi nent, and a pass
characteristic of each parallel resonator. Referring to FIGs. 37 and 38,

t he resonance frequency of the parallel resonator P11 of the conparative
exanple is 1909 MHz (1904 MHz when the parasitic ground inductance is

i ncluded), and the resonance frequency of the fifth enbodinent is 1913 Mz
(1908 MHz when the parasitic ground inductance is included). This change

of ther t he allel resonator P1 erigrates the
degr e oF TIF EutdGRUENSY bR R EFRGE RS embly el LR B ang
Btx. In,qr to correct, this, the resonance frequency of the parallel
Pesonat dF PSP Ftbenp ol R omtoRindh SRHEO0 Me. which i s equal to the
resonan equ P 1.l of the conparatiyve anpl e. 095] Fl Gs.. 39A.and
555 ar o 093101 ERE 5t 4 iaerdin 18Py PRrEBH TR Feeigion e Suhpilicoar
exanple and the fifth enbodi nent. Referti to FlGs. 39A B, a netal
T 1 R R ARl 250 2 FRn SRoEI oo Ooerich R oF Gk dOGHA oct 1 ¢
substratg 70 ich be |ithiumtantal at f exanple. The netal film
Forms. ¢ 1ieera fAptss shanictioot hsienpat Blihodthe i Bpg A5 or ned on
t he pads,72., The pads 72 include Ant nect e t he ant enna
Lor i nal ARHSHEIe A SRR BPTHE T HOCTEF BRAN L Skt e IO B Oaene Gnt
of Fi Go O Sisetftreogior 1 ke s SRR G 0B T RO HHEGHES fesaings o
simul ations for .designing the_resppators. )J096] FLGs. 40A and 40B are pl an
vi ews ofT5ABENSYOf i e eERoneT sl Sehoth ﬁ@b&‘gfﬂf*ﬁa‘]ﬂagmnﬁ‘ his cheectiahe i f t h
enbodi nent. Referring % FI Gs. 40A and 40B, a tal filmincluding al um num
as a nairFFOc‘?B‘f?ﬁg??@H?ncy 8 E‘SF?FE‘G IERNOpP ]elz@éqr@&t?ﬁntge ey STSpRProsson g may be
lithiumtanfal ate, for. exanple. The netal filmforns {he resonators, pads
72 and ih‘&%‘%"ﬁ%ﬁﬂ‘é’c%“i‘%ﬁféhe msrpedof thy rscspbippdidferst)- ¢ H oplegto cpprectihis, pads 72
i ncl ude pads, Ant caonnected to the antenna term nals, jpads Rx connected to
the rec @&Qr@lﬁg o thgifiih cgbodimgnp dhrsresgignesoiipency @l thy seres 1§panaton S13this set to
resonators _correspond to those in the circuits of FIGs. 32A and 32B.
7] FI'&8* I r t to
0097] 11882 MHziopHiehugs series resoratpy BH afitksgongraratiyg sxample iy sehr el hergasred
forma multilayer
why the re%onance frequency of the series resonator S12a is not changed but that of the series
resonator S12b is changed is that the resonance frequency of the resonator that is farther away
from the antenna terminal Tant and is not affected by non-linearity is made close to the pass
band.
[0094] FIG 37 is a diagram of a pass characteristic of the reception filter of the duplexer of
the comparative example, and a pass characteristic of each parallel resonator. FIG. 38 isa
diagram of a pass characteristic of the reception filter of the duplexer of the fifth embodiment,
and a pass characteristic of each parallel resonator. Referring to FIGs. 37 and 38, the resonance
frequency of the parallel resonator P11 of the comparative example is 1909 MHz (1904 MHz

when the parasitic ground inductance is included), and the resonance frequency of the fifth

embodiment is 1913 MHz (1908 MHz when the parasitic ground inductance is included). This
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substrate on which chips are nounted. FIG 41A is a plan view of a die
attach layer 81 on which the transm ssion filter chip 78 and the reception
filter chip 76 are flip-chip nounted, in which the plan view is seen

t hrough the chips 76 and 78. The pads 72 of the chips 76 and 78 are
illustrated. FIG 41Bis a plan view of a foot pad | ayer 82 having a | ower
surface on which foot pads 83 are fornmed. The foot pads 83 are depicted by
broken lines. FIG 41Cis a view of the | ower surface seen through the foot
pad | ayer 82. [0098]As illustrated in FIG 41A, interconnections 84 nmade of
a netal such as copper are fornmed on the upper surface of the die attach

et RS o AR Sy PR RS e T Bl BT
055 bR AR b, BT B R AR 3 St PR,
A R R R R
llayer 81 are %%ctri&@II connect to thgaJnte&c pnections 84. 'Vias 88
nave hol'gamin e ba iRy PR O Es bRl fofmB anc arc full of a motal.
51001 gV ok L ki 0 R B PR
bR RE N R W W IR
(F:\’élnnggfl l%ggg%géﬁagﬂgé{?pc}ng% isl; ?o%%gé E:)r? g pse(%gfgll:cr%gcl: sslibst%arl]cg 76,%%&1?1%%)8/ bgﬂg\ium

tantalate, for example. The metal film forms the resonators, pads 72 and interconnections.

Bumps 74 are formed on the pads 72. The pads 72 include pads Ant connected to the antenna

terminals, pads Tx connected to the transmission terminals, and pads Gnd connected to the

ground. The resonators correspond to those in the circuits of FIGs. 32A and 32B.  FIGs. 33

through 39B illustrate the results of simulations for designing the resonators.

[0096] FIGs. 40A and 40B are plan views of reception filter chips 76 of the comparative

example and the fifth embodiment. Referring to FIGs. 40A and 40B, a metal film including

aluminum as a main component is formed on a piezoelectric substrate 70, which may be lithium

tantalate, for example. The metal film forms the resonators, pads 72 and interconnections.

Bumps 74 are formed on the pads 72. The pads 72 include pads Ant connected to the antenna

terminals, pads Rx connected to the reception terminals, and pads Gnd connected to the ground.

The resonators correspond to those in the circuits of FIGs. 32A and 32B.

[0097] FIGs. 41A through 41C are plan views of layers that are stacked to form a multilayer

substrate on which chips are mounted. FIG. 41A is a plan view of a die attach layer 81 on

which the transmission filter chip 78 and the reception filter chip 76 are flip-chip mounted, in

which the plan view is seen through the chips 76 and 78. The pads 72 of the chips 76 and 78
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[0101]FIG 42 is an expl oded perspective view of a package. Referring to
FIG 42, a package 90 includes a nultilayer substrate 80 including the die
attach | ayer and the foot pad layer, and a cavity layer 92 that is forned
on the nmultilayer substrate 80 and is nmade of an insulator such as ceramc.
The cavity layer 92 has a cavity 96 located in the center of the cavity

| ayer 92. The chips 76 and 78 are flip-chip nounted on the nmultilayer
substrate 80. Alid 94 nade of a nmetal is fixedly attached on the top of
the cavity layer 92. Thus, the chips 76 and 78 are hernetically sealed in
the cavity layer 92 of the package 90. [0102]FIG 43 is a plan view of a

pri nted- gL il tegoaﬁe 418 R 'ﬂ?ﬁn%qe\giorfgﬁeecft g??ﬁ&%h%%abﬁ%alb@%r%ﬁﬁ?&%%ﬁi%s 95

made of a neta ‘ornmed on a surface

sur f ace- d@@_ggﬂe f%{ﬁ}ﬁé]p E;ﬁ(%t f}bcg | fe neg) t ﬁglérgﬂ_ehellJeQOtF Ql(f\gbh Abwie

package S connec ercon connect e antenna

term nal thgmer sﬁff&%'sgentﬂl%ﬂglﬁ el fgogttpaa las‘,glr Zace nmounted on the printed-circuit

board 98 'so as e conne € interconnection 95 connected to

the ant e@ﬂ%]t er 'R ﬁus ?Rg 4%,*[%glrn9el C qmé&xo% Qr? Igolgqsmcrtgﬁsucf??é G:H)?gr %’% of

the pack 90 i'$ connected it erconnect connec

transm Sf(sg l{l@d érﬁ{h@u er surtfﬁ(ce o-{lgh Jle ecl%igﬁ)? aéle q‘axl:%r%su?aftor sﬂ%x f A% k%%e 90 are

connect erconnec I'ons spec rve y_ Connecte
ecurts D RARZEPLAe bRTERRLA 7 srbbERte beimigtotRefut A VSF %yanp o
and he (AL R Ee L @i@égwﬁﬁiaﬁ%ﬁsﬁﬁé@f %’e‘:@mef e In the
ot sati @ﬁéﬁlngf P%?HE?@%%%E{@ 158 afreoffions Bl el LLArR) il O The
the tr1 pPERBLEn S 4ped sFaRRaE ﬁt?rf%ﬁpé‘fi T%ﬁgﬁf W@%@@%*ﬁ%ﬂﬁ@%ﬂ%@?@@g{ﬁ
the. compdFLR VB IERHGIEn s 5t FaehiBaT Fore efeet?t%gﬁ%@ﬁ%?{*%ﬁ bithanneens
epl acedy imhi bops s e Et%f pRbr v anerd sadel plomaiel v st
Closest DXWhe 4l eas%ﬁéla ﬁfﬂi‘@@ﬁ?fag AR P Laptehf foo ped ﬁm Fances
acoust | CHRRARLY FRVERES 1 BA PRLEROR BRI BT and 11 ot BRI B HOBRRL,  and
511 i © Hat Sonspstadp he antchna forminal, a foot pad TR cannected to the transmission termina, Jo0 '

pads Rx1 and Rx2 connected to the reception terminals, and foot pads Gnd connected to the

ground.

[0101] FIG. 42 is an exploded perspective view of a package. Referring to FIG. 42, a

package 90 includes a multilayer substrate 80 including the die attach layer and the foot pad

layer, and a cavity layer 92 that is formed on the multilayer substrate 80 and is made of an

insulator such as ceramic. The cavity layer 92 has a cavity 96 located in the center of the cavity

layer 92. The chips 76 and 78 are flip-chip mounted on the multilayer substrate 80. A lid 94

made of a metal is fixedly attached on the top of the cavity layer 92. Thus, the chips 76 and 78

are hermetically sealed in the cavity layer 92 of the package 90.
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| nproves the triple-beat value as well as the first enbodi nent or nore.
[0105]FIG 45 is a circuit diagramof a duplexer in accordance with a sixth
enbodi nent. The series resonator Sl| of the fifth enbodinment illustrated in
FIG 32B is replaced with a capacitor C. The other structures of the sixth
enbodi mnent are the sane as those illustrated in FIG 32B. [0106]FIG 46 is a
pl an view of a reception filter chip enployed in the sixth enbodi nent. As
conpared with FIG 40B of the fifth enbodi nent, the reception filter chip
does not have the series resonator 511. The other structures in FIG 46 are
the sane as those illustrated in FIG 40B. [0107] FIGs. 47A through 47C are

P L A TS L L
Al

A ! IR ASAORTESS O i SRRk St S TRE" TSyipsoosr  acc o

f d - he f
o0t e e S P e Ao g RO e oo

the el e%?rﬁ%&%g ﬁ)scﬂe Hnlt%c SRR ML oRiES eﬁ%gne%ﬁ—%ﬁﬁi {e%mal;rﬂ%t.c%aﬁb HrPJuct%r %?

f ormed ayer OIS
capaci tor. he .s xth , tr t..yal ue can be
|nproved P@ﬁ Q%&hﬁghgng%g?wﬁdc'mgeveﬁf% cwgtOLanFmaB%ﬁaR%%gﬁén1SS|on

filter cf Ité%an%e&mn 9t5 YSnnected to the antenna terminal Tant and a ground terminal Tgnd. The

foot pad Tx of the package 90 is connected to the interconnection 95 connected to the
transmission terminal Ttx. The foot pads Rx1 and Rx2 of the package 90 are connected to the
interconnections 95 respectively connected to the reception terminals Trx! and Trx2.

[0103] FIG. 44 is a diagram of the results of measurement of the triple-beat values of the
comparative example and the fifth embodiment. In FIG. 44, a solid line indicates the fifth
embodiment, and a broken line indicates the comparative example. In the duplexer of the
comparative example, a part of the reception band Brx does not satisfy not greater than —79 dBc,
which is the specification of the triple-beat value. In contrast, in the duplexer of the fifth
embodiment, the triple-beat value is not greater than —79dBc in the whole reception band Brx.
The fifth embodiment improves the non-linearity, as compared with the compatative example.
Sixth Embodiment

[0104} A sixth embodiment is a duplexer in which the series resonator S11 of the reception
filter 10 is replaced by a capacitor. According to the previously-described first embodiment, an
increased resonance frequency of the series resonator S11 closest to the antenna terminal Tant in
the reception filter 10 enhances the linearity. This means that the series resonator S11 hardly
excites the acoustic waves in the transmission band Btx and the reception band Brx, and

functions as a capacitor. Therefore, a replacement of the series resonator S11 with a capacitor
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reception filter chip 78 are nounted on the ceramc nmultilayer substrate
The chips 76 and 78 nay be anounted on a ceram c package or a
printed-circuit board. The chips 76 and 78 are not linmted to the flip-chip
mounting but nmay be face-up nounted. The transmission filter 20 and the
reception filter 10 may be forned on a comon chip instead of the separate
chips. [0109] The matching circuit 30 is not limted to the circuit using
the inductor Li but may be <configured differently. For exanple, a

capaci tor may be connected between the antenna term nal and the reception
filter. The inductor Li is not limted to the chip inductor but may be an

i nduct or juf 5B M ibRLBRal VAB1RA GRS (1RUSE dsbointask bl maxer ed ceram ¢ package.
Sevent h Enbodi nent [ 0110] A seventh enbodi nent is an exenplary dupl exer in

whi ch t hPGﬁ;Z]l ti mpdeshit b ERtuiiadriif of Qﬁﬁ‘lﬂﬁié?rh &dcbxtd‘?lﬁce]vgitﬂ SsifinenfRdihdit 0

parts. 8 is a circuit diagram of dupl exer of the seventh enbodi nent.

Ref erri ngpd éénEAx@s rf&{%r SéPm;t‘BF ﬁﬁ‘ﬁ%ﬁ% 19{2:11{ !lllugtﬁitefdé%lzléeﬂ'l%% rdpBR0DahiALS 511 al

and 511b | and tlnD ters F a and are cornected in series

with eac&??é{b?@ b%};\@@,}@r %tﬂl%tu%él;tcﬁ@{has&tﬁ ﬁb@&ihleﬂ_ﬁzi}é (HARGmE Q@th%?&x‘ﬁg%tka?rﬁil B e

t er m nal Sim series resonators Sl a2 and I b2 an
filters lﬁnd FO2b are connected in series with each ot her between the
antenna term nal Tant and the reception termnal Trx2. A resonator Rl is

connect ey B We R3S § BRRRIPIY SLAOR kRer i rﬁ]?!g%éﬁrnﬁ@he S8 BBk 2t | on

of the t m ssi on f| sane as t t he I ment
2t ke ?Fsﬁwﬁ@@m%ﬁ@ G T L G
embodi MEfies fsonator S11.  The other structures in FIG. 46 are the same as those illustrated in FIG.

40B.

[0107] FIGs. 47A through 47C are plan views of a multilayer substrate on which chips are

mounted. Referring to FIGs. 47A and 47B, an electrode 85a electrically connected to the pad

Ant of the transmission filter chip 76 is formed on the upper surface of the die attach layer 81.

An electrode 85b electrically connected to the foot pad Ant on the antenna side is formed on the

upper surface of the foot pad layer 82. The dielectric formed into the die attach layer 81

between the electrodes 85a and 85b functions as a capacitor. The capacitor C is formed within

the multilayer substrate 80. The capacitor C may be a chip capacitor. According to the sixth

embodiment, the triple-beat value can be improved.

[0108] In the sixth and seventh embodiments, the transmission filter chip 76 and the

reception filter chip 78 are mounted on the ceramic multilayer substrate. The chips 76 and 78

may be amounted on a ceramic package or a printed-circuit board. The chips 76 and 78 are not

limited to the flip-chip mounting but may be face-up mounted. The transmission filter 20 and

the reception filter 10 may be formed on a common chip instead of the separate chips .

[0109] The matching circuit 30 is not limited to the circuit using the inductor L1 but may be
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metal filmis formed on the piezoelectric substrate 70. The netal filmis
formed into the resonators, pads 72 and interconnections. Bunps 74 are
formed on the pads 72. The pads 72 include a pad Ant connected to the
antenna term nal, pads Rxl and Rx2 connected to the reception term nals,
and pads Gnd connected to the ground. Each resonator corresponds to each
resonator in FIG 48. The other structures of the seventh enbodi nent are
the sane as those of the fifth enbodinent. In the seventh enbodi nent, each
of the series resonators closest to the antenna termnal Tant is divided
into two. The resonance frequencies of the series resonators Si lal, S1

|bl, Si chaR @e@d@erekﬂ 2 Eﬂfr%x%ﬁ#le%’&ﬁh%? ﬂﬁ},ge%ﬂi&%d B&@«@em@ ahRf tion band

Brx. Each of the multi node ters' is div I nto two. st

possi bl %ﬁmm%%% eﬁﬁ(gﬂﬁ?&l" | BR&[rdh oriP;Jsgy%I} Aithdidt tﬂgcrﬁgﬁﬁu%r B&% Eent h

enbodi nent, the nmulti ter |s |V|de nto two resonators con cted

In serieg 1¥Millctbr? dH h@'pa &ﬁ?i?? sucy% %UI%IE?%&?C&MHE %153 be included in

at | east one of the recepti ter an e tra on filter 20. .
[0113]1 B&n odaf ough seventh enbodlnents the multinode filter may be
nU|tInD3§hfl Fgﬁghkéggaded In the first through sevent h enbodi nents, at

T adden Fibe 1 pib e ah kbl SebaBey el AR S Wb EFud bR, oo

f lters.  fd gﬂ&é ik %}gl Oﬁggirvfcﬁg b %Q&g fedSdg i 0 H&Sipdlggr\ﬁx%%tfg d%;';rltggg P Rva

dupl exers U|ta
embodiment. Referring to FIG. 48, in the reception filter 10, series resonators S11al and S11bl

and multimode filters FOla and FO1b are connected in series with each other between the
antenna terminal Tant and the reception terminal Trx1. Similarly, series resonators S11a2 and
S11b2 and multimode filters FO2a and F02b are connected in series with each other between the
antenna terminal Tant and the reception terminal Trx2. A resonator R1 is connected between
the reception terminals Trx1 and Trx2. The configuration of the transmission filter 20 is the
same as that of the fifth embodiment illustrated in FIG. 32B, and a description thereof is omitted
here.

[0111] FIG. 49 is a plan view of a reception filter chip used in the seventh embodiment. A
metal film is formed on the piezoelectric substrate 70. The metal film is formed into the
resonators, pads 72 and interconnections. Bumps 74 are formed on the pads 72. The pads 72
include a pad Ant connected to the antenna terminal, pads Rx1 and Rx2 connected to the
reception terminals, and pads Gnd connected to the ground. Each resonator corresponds to each
resonator in FIG. 48.  The other structures of the seventh embodiment are the same as those of
the fifth embodiment. In the seventh embodiment, each of the series resonators closest to the
antenna terminal Tant is divided into two. The resonance frequencies of the series resonators

Silal, S11bl, S11a2 and S11b2 are set considerably higher than the reception band Brx. Each
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North Anmerica PCS in which the transm ssion band Btx is 1850 Miz to 1910
MHz, and the reception band Brx is 1930 MHz to 1990 MHz. Even in a case
where the frequency ranges of the transm ssion band Btx and the reception
band Brx change, the frequencies are nerely changed anal ogously and the
triple-beat value hardly changes. Therefore, the first through seventh
enbodi nents may be suitably applied to a dupl exer having different
frequency ranges of the transm ssion band Btx and the reception band Brx.
For exanple, the first through seventh enbodi nents may be applied to a

dupl exer for a cellular system having a transm ssion band of 824 MHz to 849

Mz and & themaRinidie BRAds 8fvidd8 hidko.t Ot %%ﬂug\ﬂd%sibﬂ;fﬂ@ir%ﬂev&theH@&%@ﬁﬂ}.s may
be applied to UMIS having a transm ssion band of 1850.48 to 1909.52° MHz and

a_recept jo@p)band sGh ht3Q t8hd QvéiB BmBadiMeky, teAMNiRBYE filderds &b Ried ﬁﬂtg S\L& n band
of 1850.625 to 1909.375 MHz and a reception band of 1930.48 to 1989.52 Mz,

or Band j 1 S8, 0 LN
pand of 25a8 O Sbofec S EREHSN R BheLbe sibied (e ke ABLmay PORERILAT

the I eSOfal RhsiGhOSERE rBpddiRA' GARRk Hallfidlio Ak don_the reception fil ter

10 is not limted to the series resonator may be a parallel resonator.

0 or derjojy o0t & fhe FR% 1RGYANAARR cbodiint he uRiRRR AR mafBE ufihaf! | vel Y.

it is preferable that onator closest to the antenna’ termnal Tant in

the rec efméré) séaldL:&.erIn jc]Qe ﬁl%t tth@gﬁ %&leﬁﬁl Jn%gﬂﬁén?sr at l§5§ﬂ)}1@5f the f{%:%rﬁlorélgﬁ%p? or

closest to the antenna term ant in the transmssion tli 'S not

Lo obt aih o Pe AU SRCRAET 2T AP b SATRT R, AREM Sl ARALT0 Ripd RafbeT

preferaqgﬁk}ggkﬁhgg resonator closes to the antenna termnal Tant in the
transm ssion-filiter 20 is the series resonator. [0116]In the first through

h di . .y h ¢ .
sevent o%%? ' Wﬂ%ﬁbregn%;ﬁtlélge%ﬁg\gtgﬁl\rﬁg%@EeSrgﬁ%te b'omnge%% atré) %&é)lgxelssusrul@?l? g&&g%zt e

wave re ors, sonat ors, oundary acou
eSne B SER EUFF LI SRR paee, S GRgT
R T R A A R
of the %ﬁ%ﬁ%ﬁngsmﬁ %c‘i B and the reception band Brx change, the frequencies are merely
changed analogously and the triple-beat value hardly changes. Therefore, the first through
seventh embodiments may be suitably applied to a duplexer having different frequency ranges of
the transmission band Btx and the reception band Brx. For example, the first through seventh
embodiments may be applied to a duplexer for a cellular system having a transmission band of
824 MHz to 849 MHz and a reception band of 869 MHz to 894 MHz. The above embodiments
may be applied to UMTS having a transmission band of 1850.48 to 1909.52 Mz and a
reception band of 1930.48 to 1989.52 MHz, CDMA having a transmission band of 1850.625 to
1909.375 MHz and a reception band of 1930.48 to 1989.52 MHz, or Band25 having a
transmission band of 1850 to 1915MHz and a reception band of 1930 to 1995 MHz.

[0115] In the first through seventh embodiments, the resonator closest to the antenna

terminal Tant in the reception filter 10 is not limited to the series resonator but may be a parallel
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CLAI M5 What is clained is: 1. A dupl exer conprising: a
reception filter that is connected between a reception termnal and an
antenna term nal and includes one or a plurality of series resonators that

are acoustic wave resonators; and a transmssion filter that is
connected between a transm ssion term nal and the antenna term nal and
i ncludes one or a plurality of acoustic wave resonators, a resonance

frequency of a first series resonator that is one of the one or the
plurality of series resonators and is closest to the antenna termnal in
the reception filter being higher than an upper limt frequency of a

recepti O&s\ﬁgm.. of, i %6 %ﬁﬂ&ﬁ@éﬁvﬁﬁth%&@ Iof the first embRdimEREmPHHA R EYeIRGGOr ding to

claim1, rein the first series resonator closest to the antenna term nal

in the rch(égegbileﬁtgat;t% [eS8nator cRQLst & thk AEEndtEiRA Tafs in AeldpBioh ERHONANEShe

frequen St series resonator 1s equal to or higher than 102% of

the u ppesreri%.ib Irgi(s:(%nglwrxhe ggﬁﬁ'ﬂv\ﬁﬁ ,Qf;le 1te|§' afo?.%ﬁ}géé-t BB 3nna terminal Tant il e dupl exer

accordi ng er’eli n e first serres resonator closest to the

ant enna L ek il 398 oPARRE d Lrk@lochudlinit ARHbL Ap8aAL b &ARb: 10

resonat ors connec In serres w an average resonance

frequenc dgrfto toEt%inattne lac?v%ﬁ{a LG h ER0RE é?ﬁl?odhﬁerﬂ %%'P@éﬁéeﬂ@ély}iﬁ‘é pHtRGble i €
frequency of "the receptl SR band
the resonator closes to the antenna terminal Tant in the transmission filter 20 is the series
resonator.
[0116] In the first through seventh embodiments, the resonators are not limited to the surface
acoustic wave resonators, but may be Love-wave resonators, boundary acoustic wave resonators
or piezoelectric thin-film resonators. Even when the resonators are of any type, the
non-linearity can be imprm;ed.
[0117] The present invention is not limited to the specifically described embodiments, but

may include other embodiments and variations without departing from the scope of the claimed

invention.
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4. The dupl exer according to claim1, wherein the first series resonator
closest to the antenna termnal in the reception filter is divided into
two resonators connected in series with each other, and an average
resonance frequency of the two resonators is higher than 100. 9% of the
upper limt frequency of the reception band. 5. The dupl exer
according to claiml1l, wherein the reception filter includes the plurality
of series resonators, and the resonance frequency of the first series
resonator that is one of the plurality of series resonators of the
reception filter is the highest anong the plurality of series resonators of
the reception filter. 6. The QEngﬁ@r according to claim1, wherein
the reception filter includes the plurality of series resonators, and the
resonapq&h%ﬁggMﬁﬂggﬁof one of the plurality of series resonators of the
reception filter closest to the reception termnal is the | owest anong the
plurality of series resonators of the reception filter. 7. A

dupl exer conpri si ng: a reception filter that is connected between a
reception ternin “h%ﬂQ;g#mgggﬁgna term nal and includes one or a plurality
of series resonafors that are &Zcoustic wave resonators; and a
transm ssion f r!eéeﬁ{i & ARk dhat if@a@ﬂ@&éf&t&g&%@e ‘f?io{. Ee%ﬁ{a S A bk TtdRAin,ANd
the antenna t &rRinal and 1 ncl udes one of a P ar & Ity of acoustic wave
resonat Oe{nﬁ’ci)l?cludes Ioréesgrrgeéhrn%ii it e rhSonatd ttﬁ&t aH] tou%t WARE rgs%nﬁtgx[%élg&e or the

plurality ser onators and Ts closes 0 e antenna mnal in
the reception filter .bei ﬁivided i.n at le f. S
series, and aﬁ‘g@gpgggﬂﬁ@%& gﬁﬁgnpfgaigﬁgﬁmb?géﬁg“%F%ﬁgégﬁﬁgﬁéggEwggg%ators
being i etihdl 458 Erllc?u%e? gr?edor%fplﬁrgﬁtyroef%gcpl}s{i(? \Qfa{crel, Jegoenrators,

a resonance frequency of a first series resonator that is one of the one or the plurality of

series resonators and is closest to the antenna terminal in the reception filter being higher than an

upper limit frequency of a reception band of the reception filter.

2. The duplexer according to claim 1, wherein the first series resonator closest to the
antenna terminal in the reception filter is not divided into parts, and the resonance frequency of
the first series resonator is equal to or higher than 102% of the upper limit frequency of the

reception band.

3. The duplexer according to claim 1, wherein the first series resonator closest to the
antenna terminal in the reception filter is divided into at least two resonators connected in series
with each other, and an average resonance frequency of the at least two resonators is higher than

the upper limit frequency of the reception band.

4. The duplexer according to claim 1, wherein the first series resonator closest to the
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8. The dupl exer according to any of clains 1 to 7, wherein the reception
filter includes one or a plurality of parallel resonators that are acoustic
wave resonators, and a resonance frequency of a first parallel resonator
that is one of the one or the plurality of parallel resonators and is
closest to the antenna termnal in the reception filter and that includes a
parasitic ground inductance is equal to higher than 99.8% of an upper |imt
frequency of a transm ssion band of the transm ssion filter. 9. The
dupl exer according to claim8, wherein the resonance frequency of the first
parallel resonator that is closest to the antenna terninal and includes the

par asi tigGtegh PtdRdink g Yed 1%&?%011 ?ilt@tqi'é %ﬁw&é@i iffo t{i"b %ﬁat&x@ RBnitbRd WP R les Withi t
frequency of the transms . The dupl exer according to

any of Chal ffierlar eafvex‘%(gﬂﬁbx{hn&@ﬁe ﬁ@péﬂtwd ted Btk IS hHHEShAN B0RG% DT

plurality o par sonators t at "are acoustic wave resonators, and a
first pqﬁ@géﬁ}h&ﬁ%&agé o?ﬁ@%ak@ﬂ&?ﬁnﬁf t he one or the pIurallty of

par al | el nat ors a i's closest to the antenna terminal in the reception
filter is divided into at | east two resonators in series, a resonance
frequency of at |east one of the at |east two resonators that does not

ol ude 2. par asi e o9SIGPTIRIHERAIAR DEHRPAY el rdfhAIERs Haan a0

upper limt frequenc m ssi on ban transmssion filter.

L1 The g @6 la ALERLAL0Y. 4 1 8%‘8‘4 fiBncy dthofirst\BAES Ll (RG0! O

filter ES one or a 1UI’ resonators that are acoustic

vave resgpal }ﬁﬁtsa 1ty‘%r}ger?ﬁs r%:sroﬁﬁtog%'fﬁ{e rgl:eg aRat; lEhe hh@eg %I%(ﬁlg%egﬁlkl &ne or

t he pIurallt resonat ors |s c oses

term nalseh&r%&) atrogsc(%%él%ge ftfoh ter is divided into at | east two resonat ors in

series, an average resonance frequency of the at | east two resonators that
|nclude a parasitic ground inductance being equal to or higher than 99. 8%
of an upper limt frequency of a transm ssion band of the transm ssi on

filter. iﬁe d%[:pe)feﬁ ggcg{ ﬁ% a(icfa%{%\r,\ﬂ w%%r noth r&'ep’(tl%n lterl h?dgeﬂ‘[ he average

resonance fre&he resonat ors T ACT

t d d t | t t
P?ééﬁé@m%@t‘s’foﬁserie?a%@m S8 Rt e s bR iurﬁftiep?emé' "
The dupl 1.t t
filter i fﬁ%q%rafa%?ihepﬁea%&wf@} %?10555%3?‘?6@?0@38&%?819@*“ AP BARE R | e
resonatorﬁ, ? one %he ur al é ?&ﬂparalleliresonatprs that is cl osest
to the ?éhw P@FﬁfﬁQPaPﬁ H@rﬁﬁ? é& filter is not divided, a resonance

frequency of the one of the plurality of parallel resonators that is
closest to the antenna termnal and includes a parasitic ground inductance
bei ng the hi ghest ng t he urality of parallel resonators in the

rec egt ion fi |gt cﬁJnPexgr comprglng y P

a reception filter that is connected between a reception terminal and an antenna terminal
and includes one or a plurality of series resonators that are acoustic wave resonators; and

a transmission filter that is connected between a transmission terminal and the antenna
terminal and includes one or a plurality of acoustic wave resonators,

a first series resonator that is one of the one or the plurality of series resonators and is
closest to the antenna terminal in the reception filter being divided into at least three resonators
in series, and an average resonance frequency of the at least three resonators being in a reception

band of the reception filter.
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14. The dupl exer according to any of clains 1 to 7, wherein the reception
filter includes a plurality of parallel resonators that are acoustic wave
resonators, and one of the plurality of parallel resonators that is closest
to the antenna termnal in the reception filter is divided into at |east
two resonators in series, a resonance frequency of at |east one of the at

| east two resonators in series that does not include a parasitic ground

i nduct ance bei ng the highest anong the plurality of parallel resonators in
the reception filter. 15. The dupl exer according to any of clains
1 to 7, wherein the reception filter includes a plurality of parall el
resonators that are acoustic wave resonators, and one of the plurality of
parall el resonators that is closest to the reception termnal in the

reception filtger s dP;SlExéi’iat’d.oﬁjdﬁﬂ%tc?ﬂlg%%_@Bﬁﬁkcﬁtof’f, SR the Acebith 00S iRfudebe
[Te t hat

plurality of para resonat or is closest to the reception term nal

and i ”C'éh‘é(;%? a%hﬂﬁf’c?éf drf11) FRURHors !ﬂﬁ%‘ﬁﬁ%@&ﬁtipﬁjap{grets(?ﬁtdrg%éﬁr&ﬁ}?&ﬁﬂet he

plurality ara resonators in the reception ter. 16. The

dupl ex erfr@q‘ﬁ%?&fyq;f @girgt?)a%fm o nﬁ%ﬂ%islon& Bf the 0\‘1‘{:8{ b Plurr‘cﬁﬁ'y Bgfcﬁzmeil Roddtdd er

i ncl udes a arality of para resonators that are acoustic wave

" es0nat Ofyd s AR nidrAG il dhY rRbpiRA" TR ld HESROBIA oA i) 0SSt

to the reception termnal In the recept ter at | east

two resofpglfiige Es%gﬁﬁrti) ﬁ%hclath{n?wﬁ%?ﬁ"gg (eléfeg lcl)'it eql% ng¢y of la‘éﬁaﬁ&m@ﬂﬁn Bindifte at

| east two resonators rn-series t Inclu a parasitic ground

i nduct a Q%&? . owest anong the plurality of parallel resonators in

t he recg%§yon g*%@@#k 17. The dupl exer according to any of claims 1

to 7, wherein the transm ssion filter includes one or a plurality of series

resonators, and a first series resonator that is one of the one or the

plural ity of serigs fasonator s, andlis €LASESH ol edhf-BHLENAR, LERTIRE! |9
nance cy O e rIrrst se

not divided, and an antT-reso requen I es resonat or

bei I hi .gh h . 1% .| domt f . f th
el ng eg)lé?%laeil%scgr{ﬁa)ris%t gsrclcgs ?th %gangerr/mi? {en%mat)%narmﬁ}htgsilaOéaﬁ%ﬂ?cgﬁ-gun% the

recepti g equa ower n ere 18.
The dupl.exer accordi t ny, of , cl ai o 7 rein the transm ssion
filter i'H%‘fcﬁaﬁl@E Isoeﬁgalgg Oﬁﬁﬁﬁﬂ)rﬁ&% tp‘f/u%qegzlrenﬁ"i %eﬁu?%cg \(I)gri:a egfag ,Smgﬁla}' éar’? I'rst series

resonator that is one of the one or the plurality of series resonators and
is closest to the antenna termnal is not divided, and an anti-resonance

ol ural ity of d0r1 dbé PauiRh pGReding @ Srogh Riel kit “ERPETRE o "y
ol ur a1 0e1ges@uf peEp ettt mrdle ERAOH ML et Rlis MPECBRIRSFOPREE Y one of
tor i nalParalle e dhaieyPeabis oniod i o e e R O S Qo g e T
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resonance frequency of at least one of the at least two resonators that does not include a parasitic
ground inductance being equal to or higher than an upper limit frequency of a transmission band

of the transmission filter.

11.  The duplexer according to any of claims 1 to 7, wherein the reception filter
includes one or a plurality of parallel resonators that are acoustic wave resonators, and a first

parallel resonator that is one of the one or the plurality of parallel resonators and is closest to the
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20. The dupl exer according to any of clains 1 to 7, wherein the

transm ssion filter includes one or a plurality of series resonators, and a
first series resonator that is one of the one or the plurality of series
resonators and is closest to the antenna termnal is divided into at |east
two resonators in series, and an anti-resonance frequency of at |east one
of the at least two resonators in series being equal to or higher than
100. 1% of a lower limt frequency of the reception band and being equal to
or lower than 100. 4%t hereof. 21. The dupl exer according to any of
claims 1 to 7, wherein the transmssion filter includes a plurality of

seri es rpgol ﬁe?ﬂ‘nﬁ'fal ANfe %c%tfoﬁtﬁlt%te | ad Ccﬁﬁfﬁ%tléﬁgt thd @ sohdoRNf s& estzihedveﬁ'age ©
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|nclude§mﬁﬂﬂk ?%h£y of series resonators and a first series resonator
that is one e plurality of series resonators and is closest to the
ant enna ternlnal is divided into at | east two resonators in series, and an
anti-resonance frequency of at |east one of the at | east two resonators in

seri es bei ng q%t I]’ﬁ'eedup V‘}%% ‘ta?cg{rﬁn ?§t0 c?almpll er_e[itr%h a}.:e?a ! irees%nan%g El%g te%lv;:? of
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cl osest o t he..a nna ter i S nog ﬁ and. a nt| resonance
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plurality of series resonators. 24. The dupl exer according to any
of clainms 1 to 7, wherein the transm ssion filter includes a plurality of

seri es resonat and.a first..series son or, t ne o

plurality of s@r.&e?ﬂ%mwgd%mwi BBat 17, Wil See i nat i s
di vi ded .i ? I @Stftmo"resonatorﬁ in series, and % antl-res?ggnce.
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26. The dup].ex rding to any of C%ﬁlﬂB 1to 7, wherein the

co
transm 88 @FlPﬁ@ﬁerﬁ@PﬂB§§“§“ﬁFﬁW§PF ®of series resonators, and a first
series resonator that is one of the plurality of

14. The duplexer according to any of claims 1 to 7, wherein the reception filter
includes a plurality of parallel resonators that are acoustic wave resonators, and one of the
plurality of parallel resonators that is closest to the antenna terminal in the reception filter is
divided into at least two resonators in series, a resonance frequency of at least one of the at least
two resonators in series that does not include a parasitic ground inductance being the highest

among the plurality of parallel resonators in the reception filter.
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series resonators and is closest to the antenna termnal is divided into at
| east two resonators in series, and an anti-resonance frequency of at |east
one of the at |east two resonators in series being in the reception band of
the reception filter. 27. The dupl exer according to any of clains 1
to 7, wherein the transmssion filter includes a plurality of series
resonators, and a second series resonator that is one of the plurality of
series resonators and is next to a first series resonator that is another
one of the plurality of series resonators and is closest to the antenna
termnal is not divided, and an anti-resonance frequency of the second

series resonayer The @.ﬁ:‘l@(ler 4QoRlingd 19\4BY of NAhs Q8 71¥n&atinahé RWEtoh et
frequency of the reception band. 28. The dupl exer according to any

of cl ai fEclddesQ pluralb)8F arAlId] R&sohdBR It 3R RBustic W€ rdsBifd 18 end 3nd bf‘ﬂh@l ity of
series resonators, and a second series resonator that 1s one of

plurali tpYurQﬁty%?bélﬁﬁei r&IRNBL A i9AGekiSo MbcdpBoR tchtnlrdl inSRE fe%e?ptfoﬁstﬁﬂ%?fschrott hat
is another ohe of the plurality of series resonators and is closest to the
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anti-resonance frequency of” at | east one of the at [ east two resonators in
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reception band. exer according to any of lto 7,

wher ei n I %ﬁ%@?mﬁﬂ%r&%n&gﬁ1ﬁﬁ§§9&bﬁ&1ﬁh&¢er and the transm ssion filter

i ncl ude acousti c wave

16. The duplexer according to any of claims 1 to 7, wherein the reception filter
includes a plurality of parallel resonators that are acoustic wave resonators, and one of the
plurality of paraliel resonators that is closest to the reception terminal in the reception filter is
divided into at least two resonators in series, a resonance frequency of at least one of the at least
two resonators in series that does not include a parasitic ground inductance being the lowest

among the plurality of parallel resonators in the reception filter.

17. The duplexer according to any of claims 1 to 7, wherein the transmission filter
includes one or a plurality of series resonators, and a first series resonator that is one of the one
or the plurality of series resonators and is closest to the antenna terminal is not divided, and an
anti-resonance frequency of the first series resonator being equal to or higher than 100.1% of a

lower limit frequency of the reception band and being equal to or lower than 100.4% thereof.

18. The duplexer according to any of claims 1 to 7, wherein the transmission filter
includes one or a plurality of series resonators, and a first series resonator that is one of the one

or the plurality of series resonators and is closest to the antenna terminal is not divided, and an
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anti-resonance frequency of the first series resonator being not the highest among the plurality of

series resonators.

19. The dupiexer according to any of claims 1 to 7, wherein the transmission filter
includes one or a plurality of series resonators, and a first series resonator that is one of the one
or the plurality of series resonators and is closest to the antenna terminal is not divided, and an
anti-resonance frequency of the first series resonator being not the lowest among the plurality of

series resonators.

20. The duplexer according to any of claims 1 to 7, wherein the transmission filter
includes one or a plurality of series resonators, and a first series resonator that is one of the one
or the plurality of series resonators and is closest to the antenna terminal is divided into at least
two resonators in series, and an anti-resonance frequency of at least one of the at least two
resonators in series being equal to or higher than 100.1% of a lower limit frequency of the

reception band and being equal to or lower than 100.4% thereof.

21. The duplexer according to any of claims 1 to 7, wherein the transmission filter
includes a plurality of series resonators, and a first series resonator that is one of the plurality of
series resonators and is closest to the antenna terminal is divided into at least two resonators in
series, and an anti-resonance frequency of at least one of the at least two resonators in series

being not the highest among the plurality of series resonators.

22. The duplexer according to any of claims 1 to 7, wherein the transmission filter
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includes a plurality of series resonators, and a first series resonator that is one of the plurality of
series resonators and is closest to the antenna terminal is divided into at least two resonators in
series, and an anti-resonance frequency of at least one of the at least two resonators in series

being not the lowest among the plurality of series resonators.

23. The duplexer according to any of claims 1 to 7, wherein the transmission filter
includes a plurality of series resonators, and a first series resonator that is one of the plurality of
series resonators and is closest to the antenna terminal is not divided, and an anti-resonance

frequency of the first series resonator being the lowest among the plurality of series resonators.

24, The duplexer according to any of claims 1 to 7, wherein the transmission filter
includes a plurality of series resonators, and a first series resonator that is one of the plurality of
series resonators and is closest to the antenna terminal is divided into at least two resonators in
series, and an anti-resonance frequency of at least one of the at least two resonators in series

being the lowest among the plurality of series resonators.

25. The duplexer according to any of claims 1 to 7, wherein the transmission filter
includes a plurality of series resonators, and a first series resonator that is one of the plurality of
series resonators and is closest to the antenna terminal is not divided, and an anti-resonance

frequency of the first series resonator being in the reception band of the reception filter.

26. The duplexer according to any of claims 1 to 7, wherein the transmission filter

includes a plurality of series resonators, and a first series resonator that is one of the plurality of
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series resonators and is closest to the antenna terminal is divided into at least two resonators in
series, and an anti-resonance frequency of at least one of the at least two resonators in series

being in the reception band of the reception filter.

27. The duplexer according to any of claims 1 to 7, wherein the transmission filter
includes a plurality of series resonators, and a second series resonator that is one of the plurality
of series resonators and is next to a first series resonator that is another one of the plurality of
series resonators and is closest to the antenna terminal is not divided, and an anti-resonance
frequency of the second series resonator is equal to or lower than 102.1% of a lower limit

frequency of the reception band.

28. The duplexer according to any of claims 1 to 7, wherein the transmission filter
includes a plurality of series resonators, and a second series resonator that is one of the plurality
of series resonators and is next to a first series resonator that is another one of the plurality of
series resonators and is closest to the antenna terminal is divided into at least two resonators in
series, and an anti-resonance frequency of at least one of the at least two resonators in series is

Oequal to or lower than 102.1% of a Jower limit frequency of the reception band.

29. The duplexer according to any of claims 1 to 7, wherein at least one of the

reception filter and the transmission filter includes a multimode acoustic wave filter.
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