SPECI FI CATION TI TLE OF THE | NVENTI ON FI LTER AND DUPLEXER. Fiel d

[ 0001] A certain aspect of the present invention relates to a filter
and a dupi exer. Backgroul Ed [0002]Filters used in comuni cation

devi ces such as nobil e phones are required to have lowloss in a
passband, and to exhibit a high degree of suppression outside the
passband. In recent years, the use of the direct conversion nethod
renoves an internediate filter (IF filter), and further requires the
hi gh degree of suppression. Exenplary acoustic wave filters used as a
filter are a SAW (Surface Acoustic Wave) filter and an EBAR (Film
Bul k Acoustic Resonator) filter, However, the filter behaves as a
capacitor at frequencies far awaJPECBACARENasshand. Thus, the degree
of suppression degrades at frequenci es outside the passband,
especially in a high frequentildad THOOOBERTEMNpl ed nul ti - node
acoustic wave filter, which is forned by acoustically connecti ng SAW
resonators or piezoel ectric tRILAERIANDAZIREXBRs, is used to increase
t he degree of suppression in a wi de frequency band. There is

di scl osed a technique that connects a resonator in series or in
parallel to a -DNI'S (Doubl e Mode SAW flier in Japanese Patent
Appl i cielon Publication Nos. 6-260876, 2001-230657 and 10-93381
(Patent Docunents 1,2 and 3), Mdreover, Patent Docunent 3 discloses a
t echni 911 hat A cethic epeetrofitinduetcaninecwionaclbies thi afjltaviané atdoplengar ove t he
degree of suppression in a high frequency band.

Background

[0002] Filters used in communication devices such as mobile phones are required to have
low loss in a passband, and to exhibit a high degree of suppression outside the passband. In
recent years, the use of the direct conversion method removes an intermediate filter (IF filter),
and further requires the high degree of suppression. Exemplary acoustic wave filters used as a
filter are a SAW (Surface Acoustic Wave) filter and an FBAR (Film Bulk Acoustic Resonator)
filter. However, the filter behaves as a capacitor at frequencies far away from the passband.
Thus, the degree of suppression degrades at frequencies outside the passband, especially in a
high frequency band.

[0003] A coupled multi-mode acoustic wave filter, which is formed by acoustically
connecting SAW resonators or piezoelectric thin film resonators, is used to increase the degree of
suppression in a wide frequency band. There is disclosed a technique that connects a resonator
in series or in parallel to a DMS (Double Mode SAW) filter in Japanese Patent Application
Publication Nos. 6-260876, 2001-230657 and 10-93381 (Patent Documents 1, 2 and 3).
Moreover, Patent Document 3 discloses a technique that reduces an inductance of a bonding wire

to improve the degree of suppression in a high frequency band.



[ 0004] However, conventional techniques are mainly directed to inprove
t he degree of suppression around the pa.ssband, and have difficulty
in inproving the degree of suppression in a wi de hand, especially in
a high frequency band. In addition, the reduction of the inductance
di scl osed in Patent Docunment 3 does not inprove the degree of
suppression sufficiently. SUMMARY OF THE | NVENTI ON [ 00051According to
an aspect of the present invention here is provided a filter
i ncluding: a coupled nmulti-node acoustic wave filter connected
between an input termnal and an output termnal; a first inductor
connected between the coupled multi-node acoustic wave filter and a
gr ound[A08¢hi nallowemsr, aooustipeal wateiqnesonakoty dioweddn dnpbvethiccegics of
connected between the input termnal or the output term nal and the
coupl eduppidssion arvodeé thegessbagd, \wad bavei diffienlty anchpeovirectha degredofcstuippression in a
connect ed between another end of the acoustic wave resonator and the
gr ound wiér eind adspedi0QG6 h Agghdr djuag ytbandé ndhhdditias pke tedodtionhd ther iadenince
invention, there is provided a duplexer including: a reception filter
connectisdobetinfetenaD communn3 tiegsmonahprandtha degeept suppretgoruduiffid@entlyand a
transm ssion filter connected between the common term nal and a
transm ssion termnal, wherein the reception filter is the above
described filler BRI EF DESCRI PTI ON OF THE DRAW NGS [0007]FIG 1A is a
top viewof a D'vlS fill eSUMMGRY SFTSEINVENTIAN di agram il i ustradng
an equivalent circuit of the DMs filter; and FIGICis a circuit
di agr afalob] ust Aadordigg frenegpidcy af ®iapresentdnnehtio, tieré islgrévidédn Ak&ardadiEe a
with a first conparative exanpl e;

coupled multi-mode acoustic wave filter connected between an input terminal and an output

terminal; a first inductor connected between the coupled multi-mode acoustic wave filter and a
ground terminal; an acoustic wave resonator, one end of which is connected between the input
terminal or the output terminal and the coupled multi-mode acoustic wave filter; and a second
inductor connected between another end of the acoustic wave resonator and the ground terminal.
[0006] According to another aspect of the present invention, there is provided a duplexer
including: a reception filter connected between a common terminal and a reception terminal; and
a transmission filter connected between the common terminal and a transmission terminal,

wherein the reception filter is the above described filter.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] FIG. 1A is a top view of a DMS filter, FIG. 1B is a circuit diagram illustrating an
equivalent circuit of the DMS filter, and FIG. 1C is a circuit diagram illustrating an equivalent
circuit of a filter in accordance with a first comparative example;
FIG. 2A is a top view of a filter in accordance with a first embodiment, and FIG. 2B is a

circuit diagram illustrating an equivalent circuit of the filter of the first embodiment;



Ella 2A. is a top view of a filter in accordance with a first
enbodi nent, and FIG 2B is a circuit diagramillustrating an
equi valent circuit of the fitter of the first enbodi nent;
FIG3Ais atop viewof a filter in accordance with a second

conparative exanple, and FIG 313 is a kri;aph illustrating a
frequency characteristic of the filler of the second conparative
exanpl e; FIG 4Ais a top viewof a, filter in accordance with

a third conparative exanple, and FIG4B is a graph illustrating a
frequency characteristic of the filter of the third conparative

exanpl e; FIG5Ais atop viewof a filter in accordance with a
second enbodFieAf is atvg ViEVGof HBltérsn acaprdapbe with asédont icogpaativeecpaepby and
characteristic of the filter of the second enbodi nent; FI G 6A

i s a bFHg¢KBds agrapmillustrastg afrequgney duplcexietic afitble flt€d B 113 sesordl comparative
cross-sectional view of a duplexer including a nmultilayered

subst r atanyple; FIG7A is atop viewof a first dielectric |ayer,
and FIG 78 is a top view of a second dielectric |ayer; FI G SA
is a top viel(fAas 4 iprndevdb£d Blterrin acdoadeare withd thitdsBipargiva edaagle pand
illustrating the third dielectric |ayer transparently; FIG 9

i s a pFHi.ABvik ewraph ildustiatisg a frenaduct chaeacteaiygr oftfie Altendfthd thjré cedhparative
substrate included in a duplexer in accordance with a fourth
conpar atamvde;exanpl e; FIG 10 is a graph illustrating a
frequency characteristic of a reception filter included in duplexer
i n accor dancEIGwARs atdphiiewd ofatibeli inatdordance with a second embodiment, and FIG. 5B
is a graph illustrating a frequency characteristic of the filter of the second embodiment;
FIG. 6A is a block diagram illustrating a duplexer, and FIG. 6B is a cross-sectional view
of a duplexer including a multilayered substrate;
FIG. 7A is a top view of a first dielectric layer, and FIG. 7B is a top view of a second
dielectric layer;
FIG. 8A is a top view of a third dielectric layer, and FIG. 8B is a diagram illustrating the
third dielectric layer transparently;
FIG. 9 is a plain view of a first conductive layer of a multilayered substrate included in a
duplexer in accordance with a fourth comparative example;
FIG. 10 is a graph illustrating a frequency characteristic of a reception filter included in
a duplexer in accordance with a third embodiment;
FIG. 11Ais a top view of a piezoelectric thin film resonator, and FIG. 11B is a

cross-sectional view of the piezoelectric thin film resonator; and

FIG. 12A and FIG. 12B are cross-sectional views of a CRF.

DETAILED DESCRIPTION



FIGHA is a top view of a piezoelectric, thin filmresonator, and FIG
11B is a cross-sectional view of the piezoelectric thin film
resonator; and FIG .12A and FIG 128 are cross-sectional views of a
CRE [O0O08]A DIMs filter and a conparative exanple are first
described to clarify a problemto be solved by enbodiments, FIGIA is
atop viewof a DM filter FIGIDis a circuit diagramillustrating
an equivalent circuit of the DWES filter. The nunber of el ectrode
fingers in FIGIA is one exanple, and may be ot her nunbers. [0009]As
illustrated in FIGIA tw reflectors 12, an IDT (Interdigital
Transducer) 14 and an IDT 16 are | ocated on a piezoelectric substrate
10 al of@08&] pr op&yas fiber alidragotripenitivd exaoqlis tre dirswaleesibedtvecldridy a piotdend to be
the 1DT 16 are adjacent to each other, and the reflectors 12 sandw ch
t he | Diolted ynemtyduemdnrs. 1 FIGOeisof top oivh- cfhwdped fdteec t FIGAES isof citcaé didgfam 4
is connected to an input termnal In, and the other one of the

conb- sapeding mcgnodiest disut ofitheddd filier. gridemdmbene cdctrodebnghaipdadG. 1A
el ectrodes of the IDT 16 is connected to an output term nal Qut, and
t he ot remeeremplf, iddengydrpishrapedies] ect rodes is connected to ground. A
hi gh-frequency signal is input fromthe input termnal In. The IDT 14
exci t ef0@Epust Acillmivasd maRIGNDA awbrrefipeenc ¥2,aalbDaqpoadigitgl Transdugdr) tharaf
the el ectrode fingers. The DT 16 converts propagated acoustic waves

i nt o anan @DEQE6 niedatatsi @napiezahdtrivtsuptttase 10 albng 4 pepoagitipttiré@ioniofatouSlid .
The reflectors 12 reflect acoustc waves |leaking to a | ateral

di r ect mamed 0 Tae dDT ed tahd thetIDWalr6chre h&ihdaht to]AOHLOhAS and thel sdffeatoed] A gantdich
1B, the equivalent circuit of a DIMs filter F is formed by capacitors
d  andt{eADTi Hdandttie BT 16.aM0heldl, comeshaghl dldctiddessof Yhe BDM14Yid .cofieRted to an
admttance Y1 is connected in series between the nmut termnal In and
t he outigput tei@inal Imahnddlt otheneneasTdhfonithshapetibitiiieeis Canhdtedan gRehed Ofe
a node between the input termnal in and the admttance Y1, and the
ot her efncbmis sigapod eletiestiet of BBEDENE iOforihb&ed AUt kdrmifanOugaad o ditke

i nductor 12 is connected to a node between the output term nal CQut
and t henadntht tanb-ehapkd clebnedes codheditEtoGagamel t orhifl-freiufencPpes iSidpitn
parallel to a node between the input terminal In and the adm ttance
Yl Onéroantie fput emBAPRCI TOE ICP 14 ex&Rpaeaisae whtesthaninde thatwren the
output termnal Qut and

corresponding to a pitch of the electrode fingers. The IDT 16 converts propagated acoustic
waves into an electrical signal, and outputs it to the output terminal Out. The reflectors 12
reflect acoustic waves leaking to a lateral direction to a direction toward the IDT.

[0010] As illustrated in FIG. 1B, the equivalent circuit of a DMS filter F is formed by
capacitors C1 and C2, inductors L1 and L2, and admittances Y1 and Y2. The admittance Y1 is
connected in series between the input terminal In and the output terminal Out. One end of the
admittance Y2 is connected to a node between the input terminal In and the admittance Y1, and
the other end is connected to one end of the inductor L1. One end of the inductor L2 is
connected to a node between the output terminal Out and the admittance Y1. One end of the
capacitor C1 is connected in parallel to a node between the input terminal In and the admittance

Y1. One end of the capacitor C2 is connected to a node between the output terminal Out and

4



the admttance Vi. The other ends of the inductors LI. and L2 and the
capacitors C. and C2 are connected to ground. The adm ttances VI and
Y2 represent two resonance characteristics of the acoustic wave in
the filter. The capacitor O corresponds to the capacitance of the
1DT 14, and the capacitor C2 corresponds to the capacitance of the
IDT 1.6. The inductors Li and L2 are interconnected to have negative
mut ual 1 nducanees. \Wen a frequency of a signal input to the DVS
filter Fis |located far away froma passband, the admttances Y1 and
Y2 conme close to zero. Thus, the signal is hardly transmtted through
the adm ttances Y1 and Y2. [0011] A First conparative exanpl e connects
t he abthesaddesarce éd DMSothiet ¢rels of the gndmatods Ehamaligharal the napaitirs UchdIC2 are
FIGICis acircuit diagramillustrating an equivalent circuit of a
filter caf@Red o groond. ddiieaduitdncedel find ¥2 reponpanad rasenaicanfjracterAsics of the
illustrated in FIG 1C, in the filter 100R, one end of an inductor L3
i S connemtsédwhee inhke Hitdrer TeachpadifortUiecormeshoatOroshd tapacichnkPofxhe IDT@4, and
apacitors O and C2, and the other end is connected to ground. The

i nduct dre chBaditer @2 parespbhdsto itieciapidiansudhhal ™ 6.1 e, indwetorekaapd B2 are
Adm ttances of the capacitors C and C2 increase and an adm ttance of
t he i ndiuetornetdd dehaveasggivatmitig inducrgessncivdsn a Tiegsenca ohd gilndligsiy enty
signal input fromthe input termnal Ini.s transmtted through the
capaci DMS fiGkr BdotaRed Aanawa s romtaisbsband thd fdnicbidenty 1tadd d2n@imdRlbse to zero.
This results in a degradation in the degree of suppression in a high
f r equeMbys, biendgnal [sHALRY Waesinift&bhadigh Vi @hdtinded €1 ghd®Rs are provi ded
at a side of the input termnal In and at a side of the out put

term ngbo1Qut as firdtlcusibirati @dexiampld donhéts e ab@ales@ited DOES filter toassaand
is less likely to be transmtted fromthe input termnal In to the
out put thretigh Nedmrkbid indhieweV FIG. 157 Reitchie dBpae Whsttdghh kf@nalshitcoit bea
reduced, it is difficult to provide separate ground term nals, and

t he gr gued]1 G0 il ddadrdire Gemanhatitsy cahgdradie kBmpRdi Wis@Mustrhide in FIG 1C, in the
hi gh-frequency signal is easily transmtted through the inductor L3
by r edyitienQOR) oh® Bt MG UcBoraf3 it Behnettdd € BE othdr erdsE thetiR@ictors L1 and 1.2
frequency sitmal is transmtted into the ground tetutinal through the

i nduct @fd U3, capdt@ofayr &1 OF, a6 8 I 215 eff istonhdtedltb lgkRindi NTheRgesor VRN
the inductor L3 is fornmed by wirings located in the nultilayered

subst r ahsitit luk e BedhaR &arifaN fRexABHdC e Al dRYitdnb& Fard Bgadifdes OvaRe? of
via wirings that interconnect conductive |ayers of the nmultilayered

subst r ah@ea8 thd BRI thAR oFtZandictdrN® @RUANd at BLRRGhenkRE.JEThusONeVEr ,
t he above descri bed counterneasures prevent the reduction in the size

of the nid uen al PpHESEH IR B tWindihal B8 iGkA8RitR tBrolipH &k capacitors C1
enbodi rregrlll!t-.&{:i régt?sx nbogi ment [Ologliﬁ%t] A first en‘oodi1 ment Oc%lgmeg%ps aOrs

r esonatQdl CaNnshdal ohipdUesMAlihd Sutpakéahdied dvet Wegy rdshies BMRickialih@n 8k @gree
termnal. FIG2A is a top viewof a filter 100 in accordance with the

first embgré®ihin EM@“ RBuby®afd.r CUi t diagamillustrating an
equi valent circuit of the fi ?It er 100 of the first enbodi nment.
[0012] When respective ground terminals are provided at a side of the input terminal In and
at a side of the output terminal Out as illustrated in FIG. 1B, a signal outside the passband is less
likely to be transmitted from the input terminal In to the output terminal Out. However, since
the size of the filter should be reduced, it is difficult to provide separate ground terminals, and

the ground terminal is generally shared. In addition, the high-frequency signal is easily

transmitted through the inductor L3 by reducing an inductance L of the inductor L3. Since the



[0014] As illustrated in FIG 2A, the filter 100 includes a one-port
resonant city R (hereinafter, described as resonator R), the inductor
L3 (first, inductor) and an inductor L4 (second inductor). The
resonator Ris connected in parallel between a DMS filter FI and the
input termnal In, the inductor L3 is connected between the DI AS
filter Fl and a ground termnal (not illustrated), and the inductor
L4 is connected between the resonator R and the ground term nal The
resonator Ris a surface acoustic wave resonator including two
reflectors 22 and an 1DT 24. [0015] The input termnal In is connected
to one of conb-shaped electrodes of the IDT 14 in the DIMS filter Fl
The outhglt freqeemdyrsadnalOg trahsnitted mée the gravmd derenicdl thoowdh-tbh adedoel 2ahe depese
of the IDT 16. One end of the inductor L3 is connected between the

ot her ofeuppfessine of theifishmpedses! ebthen desndictdrié it PFmtd bamaringdsdoaitdian the
one of the conb-shaped el ectrodes of the IDT 16. One of conb-shaped
el ect r oddslapdred hubstiddk, tRelindactidve chieboredtiand bR ingegonbe hwobdof wzenirinpe
input termnal In and the IDT 14. One end of the L4 is connected to
t he ot hieat irgereonfect doadwivh 1s/hapé theahwdiayadé sutafratchad aking4he stkxeofahdrer
ends of the inductors L3 and L4 are connected to ground. The

pi ezoelgenndit@nsnd sirgeat #aikves theatievodesaripidepogb@chsnires [subst gdraedigtionin
as 42' rotated V-cut lithiumtantalate (Lifa03) or |ithium niobate
(LNI') 03pe sidehef thdMseranNekthe desefipw@t wilkbeagi eennddeirafengbodirhalt. such as
alum num (Al'). 100161As illustrated in FIG 2B, the resonator R

cor r esrondBmbaligesti rcuit in which an inductor Li and a capacii.or C3,
whi ch are connected in series, are connected in parallel to a

capaci for13C4, Arftstiesnbodinnee tathebie b waenatbhendi aninductce imparallel betvasad tliche
adm ttance Yl. The capacitor C4 and the inductor L4 form an

at t enuaxMemilieodl d erndinbl. gIFIG. 220y aney viband adfltel §0r @GdEsIEihce with the first
characteristic of the filter 100. Thus, the degree of suppression

I ncr eagahotimdnhe MGUIB {sreqtaneyaghan diustratingdelieghi@tlent di€u 0NNR AP NO®ES
the resonator R increases the degree of suppression around the
passbangk firkhenb®s@aat or R and the i nductor L4 nmay be connected
between the input termnal In and the IDT 14, or between the output
term nabo@yt and itkaate®n 6. 2Ah@effltes 1 0EbRdETRoMe-giRBSsdHaht difcai Rde
separate ground termnals at the sides of the input termnal In and

out put (h&tiihfe! ddsttibed @b desd@R6r MR theliRelES II3NErdt RueloAN®HE ab3nduths4 t he
size of the filter can be reduced.
(second inductor). The resonator R is connected in parallel between a DMS filter F1 and the
input terminal In, the inductor L3 is connected between the DMS filter F1 and a ground terminal
(not illustrated), and the inductor L4 is connected between the resonator R and the ground
terminal. The resonator R is a surface acoustic wave resonator including two reflectors 22 and
an IDT 24.
[0015] The input terminal In is connected to one of comb-shaped electrodes of the IDT 14 in
the DMS filter F1. The output terminal Out is connected to one of comb-shaped electrodes of
the IDT 16. One end of the inductor L3 is connected between the other one of the comb-shaped

electrodes of the IDT 14 and the other one of the comb-shaped electrodes of the IDT 16. One

of comb-shaped electrodes of the IDT 24 in the resonator R is connected between the input



Second Enbodi ment [0017] A second enbodi nent changes the nunber of DVB
filters. A description will be given of a second conparative exanple
that is a filter using two D M5 filters. FIG 3Ais a top filterview
of a 200R in accordance with the second conparative exanple. [00181As
illustrated in FIG 3A, the filter 200R includes two DVS filters FIR
and F2R which are connected in parallel between the In and the CQut.
The input termnal In is connected to one of conb-shaped el ectrodes
of each of an ur 116 and an IDT 136. The output termnal Qut is
connected to one of conb-shaped el ectrodes of each of |DTs 114, 118,
134 and 138. One end of the inductorL3 is connected to the other one
of t he tagomi §hapatle BDE¢4.r odesemifofelrchd EDOnamtkdith éheattlee bneofithe s
connected to ground. Reflectors 11.2 are arranged so as to sandwi ch

t he | DEsmbFHlaped becaodts bl &e IDAR4: efllhe other endb 32 tlerieduatarahgedcd Edags t o
sandwi ch the 1DTs 134, 136 and 138. 10019] The i nductance L3 is
changedotu@c2d t@grodnd.6 Bhegriekodldctpitlsutasndted Ofis egdeoitypiehateaticanbsince sofh
the filter 200R is cal cul ated. Frequency characteristics of the DVS
filterasFRoand F2iRR [ahi@nmctaht@latex T €ThQdpomghiubeniclonse(liNtgD-0f TRd@STs and the
theory, and the inductor L3 is added in a circuit sinulator. Assunme a
pi ezoelreftdctorcars ubkgt bah telal Ouchsis AR@En@h (A)Ta03. The passband of the
filter is located in a reception band of Band |I. of WCDVA(I Ni deband
Code Di[®01%i on Muliltisphted ACEIES 3B, the 1ekOndtér R datespizds to Fiui38 wiscldargr aph
illustrating a frequency characteristic of the filter in accordance
W th thelusee0sdns arpakcadd VR viila it eonndciBOin %oiB, ale @nhsctéEippastel ® a
frequency, and a vertical axis represents attenuation. A dotted line
i ndi catcgaco0@4,andisldodfedleddtwensbé ingul eRginbiNdiag@tiRdmitase Yol 1 T8 2
pH, a |l ong dashed doubl e-dotted |ine indicates a case of L3 4 pH, a
dashed chpdefoi O gbfhe Sndc@aBe f6rn dndatie@udtidn pald iaRGigashrdndyipb ef dot t ed
line indicates a case of L3- 8 pH, and a chain line indicates a case

of Li < freqléhcplharacteristic of the filter 100. Thus, the degree of suppression increases in the high
frequency band. In addition, the connection of the resonator R increases the degree of
suppression around the passband. The resonator R and the inductor L4 may be connected
between the input terminal In and the IDT 14, or between the output terminal Out and the IDT 16.
The first embodiment does not provide separate ground terminals at the sides of the input
terminal In and output terminal Out, and does not reduce the inductance L;. Thus, the size of
the filter can be reduced.
Second Embodiment
[0017] A second embodiment changes the number of DMS filters. A description will be
given of a second comparative example that is a filter using two DMS filters. FIG. 3A is a top
view of a filter 200R in accordance with the second comparative example.
[0018] As illustrated in FIG. 3A, the filter 200R includes two DMS filters FIR and F2R
which are connected in parallel between the In and the Out. The input terminal In is connected

to one of comb-shaped electrodes of each of an IDT 116 and an IDT 136. The output terminal



[0020] As illustrated in FIG 38, in the ease of L3 = 0 pH, the
attenuation pole is not forned at frequencies higher than the
passband. Wen the inductance L3 is larger than 0, the attenuation
pole is formed in a range of 3000 to 8000 MHz, and the attenuation
pole is shifted to a high frequency side with the decrease in the

i nductance L3. The degree of suppression increases at the attenuation
pol e, but the degree of suppression degrades in a frequency band

hi gher than the frequency of the attenuation pole. For exanple, even
when the inductance takes a small value such as 2 pH, deterioration
in the dearec of suppression is observed in a frequency hand hi gher
t han 1@uEis connd¢ddiizd joAe desweiih-giapedelatttddenofireable ofilveri 16118, 13 andl 138. One
conparative exanple. The third conparative exanpl e does not use the

i nduct end bBthe nductes &3 iscahasaativale @hel dne@f thedidaibashaped. eldckiGddbdfieactalDT,
top view of a filter 300R in accordance with the third conparative

exanpl end [HRQ2iR} Asd isl dotisdctedtte draund.Fl Reffbdtord e dré hir@ige30OR toismedwidle she
the resonator R and the I A. The resonator R includes two reflectors

122 andDan1DT1d24 118nendokfledid-1 3D aredatiacbne tesindhichhiee IDTs 18241365nd
connected -between the input termnal In and the DVMs filters FIR and
F2R, andg8the other one of the conb-shaped el ectrodes is connected to
one end of the inductat 11.4. The other end of the inductor L4 is

connectie@of o grhtinducthiQ23]ithahfedic DaPCE 6] 8 4ndf0 pHEndRdEGLeicyL4 | S
changed to calculate a frequency characteristic in the third

conpar ahird@egxiergphie filkdr CodB id @loaladap Frddubstsichatattedsts bF #@UBNIS Yilters F1IR
characteristic of the filter of the third conparative exanple. A

dashed ahil FER afialeal £ @irpABE cQiplikg 4AmBd& thédry, and tiR i8@ldkdd 1131188dded in a

indicates a ease of L4 = 0.2 OF
circuit simulator. Assume a piezoelectric substrate 110 is made of LiTaOs. The passband of
the filter is located in a reception band of Band 1 of WCDMA(Wideband Code Division Multiple
Access) (2110 to 2170 MHz).  FIG. 3B is a graph illustrating a frequency characteristic of the
filter in accordance with the second comparative example. A horizontal axis represents
frequency, and a vertical axis represents attenuation. A dotted line indicates a case of L3 = 0 pH,
a solid line indicates a case of L3 = 2 pH, a long dashed double-dotted line indicates a case of L3
= 4 pH, a dashed line indicates a case of L; = 6 pH, a long dashed triple-dotted line indicates a
case of L3 = 8 pH, and a chain line indicates a case of L3 = 10 pH.
[0020] As illustrated in FIG. 3B, in the case of L; = 0 pH, the attenuation pole is not formed
at frequencies higher than the passband. When the inductance L; is larger than 0, the
attenuation pole is formed in a range of 3000 to 8000 MHz, and the attenuation pole is shifted to
a high frequency side with the decrease in the inductance L;.  The degree of suppression
increases at the attenuation pole, but the degree of suppression degrades in a frequency band

higher than the frequency of the attenuation pole. For example, even when the inductance L3

takes a small value such as 2 pH, deterioration in the degree of suppression is observed in a



[ 0024] As indicated by the solid line in FIG 48, in the case of 1.4 =
0.2 nH, the attenuation pole is fornmed at around 13 diz. Thus,
cotnpared to the case of L4 = 0 nl1-1, the degree of suppression

i ncreases in the frequency band higher than 10 0l-1z, [0025] A
descri pti onnow be given of a second enbodinment. FIG SAis a top view
of a filter 200 in. accordance with the second enbodi nent, [0026] As
illustrated in FIG 5A, the filter 200 includes DMS filters Fl and F2
| ocated on the piezoelectric substrate 10, the resonator R and the

i nductors L3 and 1A Tlie DVS Flier FI includes the reflectors 12,
the IDTs 14, 16 and 18. The DMS filter F2 includes reflectors 32,

| DTs 34teqB8&cahandiBgheTlenni Iddtldtz.or L3 is connected between the DVS
filters FI and F2 and the ground termnal in the same nmanner as the
second [eetpar atideecrpkianplilénowbe gived u€ b drirdlobniparaticosmgiied Tieithieén t he
resonator R and the. ground termnal in the same manner as the third

conpar abinperagxaeRalmple {020 Ad1 Ae theagdienay 3¢ banaed efes@tatd add tHehedddtdriier
of the second enbodi ment is cal cul ated, and conpared to the frequency

char actReGi 44 isa tof vichverffaiflitee 800K indtbaidaidaavitidihe shirfedenphatibeeesntaé. to O
rill The LI is made to be equal to 6 pH FIG 5B is a graph

i I'ustfe®d2ng aAkilagtesndyn Elasactherltst 3Roihclubes the tdsemat@fR hdieths @d0NThe
enbodi ment. A dashed line indicates a case of L4 = 0 nlL and a solid
l'ine i nedoabeR ivcledks éw@fefledtorsOl22 aftdtan IDT 124.  One of comb-shaped electrodes of the
IDT 124 is connected between the input terminal In and the DMS filters FIR and F2R, and the
other one of the comb-shaped electrodes is connected to one end of the inductor L4. The other
end of the inductor L4 is connected to ground.
[0023] An inductance L4 of the inductor L4 is changed to calculate a frequency
characteristic in the third comparative example. FIG. 4B is a graph illustrating a frequency
characteristic of the filter of the third comparative example. A dashed line indicates a case of
L4 = 0nH, and a solid line indicates a case of Ly = 0.2 nH.
[0024] As indicated by the solid line in FIG. 4B, in the case of Ly = 0.2 nH, the attenuation
pole is formed at around 13 GHz. Thus, compared to the case of Ly = 0 nH, the degree of
suppression increases in the frequency band higher than 10 GHz.
[0025] A description will now be given of a second embodiment. FIG. 5A is a top view of
a filter 200 in accordance with the second embodiment.
[0026] As illustrated in FIG. 5A, the filter 200 includes DMS filters F1 and F2 located on the
piezoelectric substrate 10, the resonator R, and the inductors L3 and L4. The DMS filter F1
includes the reflectors 12, the IDTs 14, 16 and 18. The DMS filter F2 includes reflectors 32,

IDTs 34, 36 and 38. The inductor L3 is connected between the DMS filters F1 and F2 and the

ground terminal in the same manner as the second comparative example. The inductor L4 is



[00281As illustrated in FIG 5B, the inductor 1.3 forns the
attenuation pole at around 5500 MHz. In the case of L4 = 0.2 nil, the
resonator R and the inductor L4 additionally formthe attenuation
polo at around 13 A1z, and thus the degree of suppression in a high
frequency band increases conpared to the case of LA = 0 nfl.

[ 0029] The nunber of DMS filters connected between the In and the Qut
may be three or nore. It is possible to use other coupled nulti-ne,de
surface acoustic wave filters such as a filter in which SAWfilters
are cascade-connected besides the DIVIS filter. In addition, it is

al so possible to use other coupled nulti-node acoustic wave filters
such a comngpted dbetwdet ithemodaatoo Brudd e gomusteintinalan éhefsank exanhéer ashhecthird
boundary acoustic wave filters are coupled. The resonator R nay be

ot her aonpshiice svaudld. esonat ors such as a boundary acoustic wave
resonator. Third Enbodi nent [0030] A third enbodi nent is an exenplary
dupl exg0027F| G AG&quéenca chiraakridicad fianfilier bfigit sedond gmdoditieheix @slculdgd, and
illustrated in FIG 6A, in a duplexer 300, a receptionr F3 is
connectcethphimed seth €2qheicweliaadtisan be thadilfee bt Whiah thart, i{ sademrbeteguatitodinH.
and a reception termnal TO, and a transmssion filter F4 is

connectid Li; s Bedd ©Delglisveea pHhe FaRtSBBa ghphmlusdhatifAni fraqdndy characteristic of
transm ssion term nal Tx, The duplexer is formed by nounting the

filter tehiipg o@hetheorsithtodntdnt. AU&HE81ihsindicaled s SaFLi, SrBAH Wn@W sofid @
dupl exer including a nultilayered substrate.
line indicates a case of L4 = 0.2 nH.
[0028] As illustrated in FIG. 5B, the inductor L3 forms the attenuation pole at around 5500
MHz. In the case of Ls = 0.2 nH, the resonator R and the inductor L4 additionally form the
attenuation pole at around 13 GHz, and thus the degree of suppression in a high frequency band
increases compared to the case of Ls = 0 nH.
[0029] The number of DMS filters connected between the In and the Out may be three or
more. It is possible to use other coupled multi-mode surface acoustic wave filters such as a
filter in which SAW filters are cascade-connected besides the DMS filter. In addition, it is also
possible to use other coupled multi-mode acoustic wave filters such a coupled multi-mode
boundary acoustic wave filter in which boundary acoustic wave filters are coupled. The
resonator R may be other acoustic wave resonators such as a boundary acoustic wave resonator.
Third Embodiment
[0030] A third embodiment is an exemplary duplexer. FIG. 6A is a block diagram
illustrating a duplexer. As illustrated in FIG. 64, in a duplexer 300, a reception filter F3 is
connected in series between an antenna terminal Ant (common terminal) and a reception terminal

Rx, and a transmission filter F4 is connected in series between the antenna terminal Ant and a

transmission terminal Tx. The duplexer is formed by mounting the filter chips on the substrate.
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[0031] As illustrated in FIG 6B, the dupl excr 300 includes a

mul til ayered substrate 40, and a reception filter chip 300a and a
transm ssion filter chip 300b that are flip-chip nounted on the

mul til avered substrate 40. The reception filter chip 300a is a chip
including the DNIS filters FI and F2, and the resonator Rillustrated
in FIG 5A for exanple. The nultilavered substrate 40 is a substrate
formed by stacking a dielectric |ayer such as resin or ceramc, and a
conductive |layer made of a netal such as copper (Cu) for exanple. A
first dielectric layer 42, a second dielect |layer 44, and a third
dielectric lay-er 46 are formed in this order fromthe upper side of

t he nmulAGI @3/ Redssybsionatveewd Of a dugléxes inchalinghechividayke@y anbsh@tel s | ocat ed
on an upper surface (die attach surface) of the first dielectric

| ayer 4031k sedeilthstandicFIiGy6eB) thy éupl&2:r 3680 Inobdeedmbiilaveen subgrdi¢ 4Gtand a
dielectric layer 42 and the second dielectric layer 44. Athird
conductreceptibraftiesr chip I00a hoc atraghniisimekirer chig 3966 dadadifEp-etibmainkalyerthd 4
and the third dielectric |ayer 46 (foot pad layer). A fourth
conductmultlayayesubState 401 OTlad reckepdion dlteodHie BO®@US & akip indludihgthe VIS filters F1
dielectric layer 46. Each filter chip is nounted on the first
conductahd €2 aayelie 2Ebnstoa Rbillogast&lin FIH.e ACondugiiply.e Tiayeilsilage@d substrate 40 is
i nterconnected by via wirings 62 piercing_through the dielectric

| ayer s.a uBQRY fotfed By stackir 4 dpleiieyef suches fesinSdr celiafli€ahd h Coldayeve Kder
FIG 713 is a top view of the second dielectric layer 44. FIG8A is a
top vi ewddeflof b Retdl Bidhths@bpped CC) for baydile. 46A fifst GeleBBicilSyen42li AGERM dielectric
illustrating the third dielectric layer 46 transparently( Hatched
parts rngpresent atthied dieRcivic1dydP%6 B2 fevnieant iigokieomdathdRiper sissloftase to
a bottom surface of each conductive layer in the drawings. Term nals
and W rmhilgByérdd subsege a0, | A fitdticehdichi|e tayaisnk s&hen ohiah ugperGhifice3RRthén
nounted are not illustrated in each conductive layer, [0033] The

r ecept isaffade) bt BE fiedidpel 28RAaid 47D UALeEbndtoAdUcEIE Bijerd 300k CthRd bBdwedn the
dashed line, and the transmssion filter chip 300h is nmounted in a

regi on firidiiclediBellabyr @ Hatihedcbid @elefriblf e  AMEdf doh&ictiONYHCIA M Qocated
| ayer 50 includes an antenna term nal Antireception term nal Rxi

gr ound Hegdeh Ml secédiliclaftelc EYR244 AdhathGldrdEdlbadic R&cdd (I(P(Qﬁ pbdaydihe A
antenna termnal Ant] corresponds to the input emainal In in FIG 5A,

and t hgoh@teRiibenellffefb 0@l 1o&itdd dn £BGHIRSNRNES of Bie BRI QLERKE 14y8F 8. Natach
Qut. The ground termnal (IND is connected to the DVs filters FI and

F2 of ther bidp ePhb@ied bh IRMir&RORIBA0AIayd ¥ @i BUAFs §®T NMTHeabn &N e laFers are

connected to the resonator R [0034]As illustrated in FIG 78, the

second igRRGHEdctMD Y VRY §irim? 60 PerUfe thr&bhad &RREric layers.
[0032] FIG. 7A is a top view of the first dielectric layer 42. FIG. 7B is a top view of the
second dielectric layer 44. FIG. 8A is a top view of the third dielectric layer 46. FIG. 8B is a
diagram illustrating the third dielectric layer 46 transparently. Hatched parts represent the via
wirings 62 extending from an upper surface to a bottom surface of each conductive layer in the
drawings. Terminals and wirings in a region in which the transmission filter chip 300b is
mounted are not illustrated in each conductive layer.

[0033] The reception filter chip 300a is mounted in a region indicated by a dashed line, and

the transmission filter chip 300b is mounted in a region indicated by a dotted line in FIG. 7A.
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termnal Ant2, a reception terminal Rx2, and ground term nals GN\D3
and G\D4. The antenna termnal Ant2 is connected to the antenna
termnal Anti of the Fast conductive | ayer 50. The reception term nal
Rx2 is connected to the reception termnal Rxl. The ground term nal
G\D3 is connected to the ground term nals GNDI and G\D2. The gound
termnal OND4 is connected to the circular electrode 64. [0035] As
illustrated in FIG 8A, the third conductive |ayer 54 includes an
antenna termnal Ant3, a reception termnal Rx3, and ground
termnals OND5 and OND6. The antenna termnal Ant3 is connected to
the antenna termnal . A n2 of the second conductive |ayer 52. The

r ecept i'lgw frgrcondiativédegeri ¥ indndwahedtetnm tehirinale’te pta eeeption mrméalal Rx2,
The ground termnal GND5 is connected to the ground term nal GND3.
The gr @uonohdttenimaiaGNONDRAdIGNDDmnE atcidultioelédi@dg bo.unThed Ritdiing edrmiaNDAnt 1
[0036] As illustrated in FIG 8B. the fourth conductive | ayer 56

i ncl udesrragpoady teniteinpwirteintiadl In ANFIG, 5.4, dreaRPieceitioh @ermima RxRxdrredpd@ds to
transm ssion termnal Tx, and ground term nals CND? through GN\D12.
The anttenmapitesrminadlOuvAn 1Fhd gogieecihsdotD 1 ih@nasdieioahd BMS filedrs ANhdd F2
of the third conductive |layer 54. The reception termnal Rx4 is

connectofthetrecdpkien figeapip I0Vat eTht piadlindBminkh@NDRENSHIngSEO D the Fd¥oRabr X
and the ground termnals GNDII and GND12 are connected to the

transmi[e@i4on f Aktilerstretad ph BRDDB, thBee@dh® uhdiutevdTaialss iKINIEs b bodgiy GNDO
are connected to the ground term nal OND5. The ground term nal GNDI O

i s conneetigd An®, bhecepfigiReniner Ri2)ahd SRR teh Q3R] bACGBIDY.  TSheiafitenna
formed by the ground term nal GND1 and the via wirings 62 that

connectterirtigal BMB fsicbhefed b tandtehina teeminBEA SN 00 (e firer dshadivedér 50Therhe
inductor L4 is forned by the ground term nal GND2 and the via wWrings

62 t hatre@ptitieetminBERXPRBQBA Rfedo tHR rbdtptigh RiAfhat RX M NEHe a3 terhfiHS, GND3
t he degree of suppression increases in a high frequency band of the

r ecept ii@tornkdtt€fo thé Broaddidringials ¢ 1GANGRAYI. VerleaY&Ing terhidd)&ND4 is
mul til ayered substrate 40 function as the inductors L3 and | A, and

t hus t hensdczd tothatdeudtpb&xRk sus reduced. [0038] A frequency

characteristic of the reception filter in the duplexer of the third
[0035] As illustrated in FIG. 8A, the third conductive layer 54 includes an antenna terminal
Ant3, a reception terminal Rx3, and ground terminals GND5 and GND6. The antenna terminal
Ant3 is connected to the antenna terminal Ant2 of the second conductive layer 52. The
reception terminal Rx3 is connected to the reception terminal Rx2. The ground terminal GNDS5
is connected to the ground terminal GND3. The ground terminal GND6 is connected to the
ground terminal GND4,
[0036] As illustrated in FIG. 8B, the fourth conductive layer 56 includes an antenna terminal
Ant4, a reception terminal Rx4, the transmission terminal Tx, and ground terminals GND7
through GND12. The antenna terminal Ant4 is connected to the antenna terminal Ant3 of the
third conductive layer 54. The reception terminal Rx4 is connected to the reception terminal

Rx3. The transmission terminal Tx and the ground terminals GND11 and GND12 are

connected to the transmission filter chip 300b. The ground terminals GND?7 through GND9 are
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enbodi ment is cal cul ated, and conpared to calculation results of a
fourth conparative exanple. A duplexer in accordance with the fourth
conparative exanple includes a filter chip and a multila.yered
substrate as with the one illustrated in FIG 613. A reception filter
chip of the fourth conparative exanple includes two DVMS filters and
the resonator R FIG9 is a top view of the first dielectric layer in
the mullilayered substrate included in the duplexer of the fourth
conparative exanple. [0039]As illustrated in FIG S. a first
conductive layer 150 | ocated on a first dielectric layer 142 incl udes
the ground term nal GNDI commonly connected to the two DVS filters
and t heonssedad dre.grdunidsenprieal €NIB5.s €flar @bwnd tahiadl BSD1 0 Broohedcrgl tb digred
between the DMS filter and the ground termnal GND | and between the
r esonatgpsundnémtiig GNIoeind term nal A NDI. The second, third and fourth
conductive |ayers are the same as those illustrated in FIG 7B through
FI G B. [pP@¥40] Free iniGctbsL Risgoidal byl thelgitonad teagindl GNEUBBA e via wirings 62 that
characteristic of the reception filter F3 included in the dupl exer
300 i n cagedt themMMS iltels RihadFits cheenhroditemihal GNBYI i The ihet@dh i@ formed
dashed lire indicate calculation results of the third enbodi nent and
t he fowytthe gotmbfeahinEGNBRARP kIR Vi SREGE 62 &hay comct the HiSbkaadradtd the Btdand
10, the attenuation pole is forned at around 4000 MHz in the fourth
conpar atdmigal AP eTiaRdtht Aegrtdbf Appikosh iBRbses kha higk flegibntband of the
conparati ve exanple, the degree o? suppressi on degrades in a

f requenssephanditdt gheidditiant@QeRduvtize a6 it e ntledlhadat {udBIrREGOMBRtion as
| arge as the frequency becones high. [n the third enbodi nent, the

at t enuahé REAuROlsE 3iHdTAr ARGhad thakRYBethb Zuflekd iPyedhb®. resonat or and the
i nductor 1A In addition, the attenuation pole is forned at around

6700 Migo3shs aArfesubicy chi@ciehitichrendeadpBntilePiahddudier bf @b ndeor ee
of suppression in a frequency band hi gher than 7000 MHz, Especially;

the deg@RdRiens KRRAIARSIIO M @Edondfafidng cdiuldiBn JeSullsragbyrtH FAMIRYR e example.
[0041] 1t is preferable that the around term nal to which the DVS

filter apghibheid RoRBAQ Wil fie CAURRYNpafRRE 8Ldrgfle irt 1LY HHEdHEPadd e
conductive |layer other than the first conductive |ayer 50 to formthe

i nduct ghditilageradublsftate as W@ 1B MHudtREA iRFG GNB OfectRnIBEOMp of the
conductive [ayer 52 is shared in the third enbodi ment, but the ground

ter m nabu@ cdhardtiicTedaBPRAMTL AN Bwd EK?S lﬁﬁérs ahd EH%Qeé;(]ﬁMB; ili conslugs %11 Ydp view

| ayer 56 nmay be shared. The nunber o ayers of the multilayere

fSlcj)lblsi[ ;g)tf %&%ggglg?cgc %ﬁ?ﬂgﬁge miffaydNE dubdth&! indRded RGhE ESANRL BF thERYurle
comparative example.
[0039] As illustrated in FIG. 9, a first conductive layer 150 located on a first dielectric layer
142 includes the ground terminal GND1 commonly connected to the two DMS filters and the
resonator. This prevents separate inductors from being formed between the DMS filter and the
ground terminal GND1 and between the resonator and the ground terminal GND1. The second,
third and fourth conductive layers are the same as those illustrated in FIG. 7B through FIG. 8B.
[0040] FIG. 10 is a graph illustrating a frequency characteristic of the reception filter F3

included in the duplexer 300 in accordance with the third embodiment. A solid line and a

dashed line indicate calculation results of the third embodiment and the fourth comparative
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Fourth Enmbodi ment [00421The fourth ernbodi ni ent uses a piezoelectric
thin filmresonator. FIGHA is a top view of the piezoelectric thin
filmresonator( FIG 11B is a cross-sectional view of the

pi ezoel ectric thin filmresonator. [0043]As illustrated in FIG 11A
and FIG 11B, a lower electrode 73 is |ocated on a substrate 71. A

pi ezoel ectric thin film75 is |ocated on the | ower el ectrode 73. An
upper electrode 77 is |ocated on the piezoelectric thin film75. The
| oner el ectrode 73, the piezoelectric thin film?75 and the upper

el ectrode 77 overlap each other above a space 79 forned in the
substrate 71. The above-described piezoelectric, thin filmresonator
may be eusmeplefrespedtivelyr edemlatsanteRin Al 10,0hesttealiainrpoites T@mrd yt eund 4000
exposed to the space 797 or an insulating filmnmay be | ocated between
t he | owdHz &l e fowtheorpaamnde tlampdpacithd thirdAnsipdeenraylnhke foothicetparative
between the | ower electrode 73 and the substrate 71. The acoustic

ref | ectexapplej thendegrye dfsuppeai@didgneiteiad fdquémyrtand higher tpa€®0 MHz aridhBe
substrate 71. [0044]FIG |2A and FIG 12B are cross-sectional views

i |l ust rdagiatgion betdrhes 1dige aIRE fifeGadnpl eboRes dipat oin fhie lthial ettdidhed, the

pi ezoel ectric thin filmresonator filter) may be used instead of a
DVS fi lattesiuafiofi polsts foesehatagrundQ 285z By Siecanfatoesanad dudor 4. Iatadekiof,
on a substrate 90 so as to sandwi ch a decoupler filmTR, where the
first nesarabaionfdlsastorilke asacantoT08AAL OAs 80esah ahpiledaaibeainidnt obfind
filmresonators (e.g. FilmBul k Acoustic Resonator: FEAR). The first

r esonatties high dedred efd@pprassiaigra fRlqaedcyoded Higherahf BDOAMEE! rEspetihily) tiid | m
74, and an upper electrode 76. The second resonator 80 includes a

| over  elegiet bpslppiesian pi £206l 1OAEHE 6 [higeld i *)}d'vfb&4 and an upper
el ectrode 86. In addition, a space 92 is tornmed between the | ower

el ectr go@172 oft i ﬁ%fd‘rwléthaf 188 @RANE fermibhaB W hiOR tHETSHIS IR &4 thE OdRItdae

| ower electrode 72 of the first resonator 70 is connected to the

i nput  tcemimond} confected is provided to the conductive layer other than the first conductive layer 50
to form the inductors L3 and L4 . The ground terminal GND3 of the second conductive layer
52 is shared in the third embodiment, but the ground terminal of the third conductive layer 54 or
the fourth conductive layer 56 may be shared. The number of layers of the multilayered
substrate 40 may be changed. The DMS filter and the resonator may be formed on separate
chips.
Fourth Embodiment
[0042] The fourth embodiment uses a piezoelectric thin film resonator. FIG. 11A is a top
view of the piezoelectric thin film resonator. FIG. 11B is a cross-sectional view of the
piezoelectric thin film resonator.
[0043] As illustrated in FIG. 11A and FIG. 11B, a lower electrode 73 is located on a substrate
71. A piezoelectric thin film 75 is located on the lower electrode 73.  An upper electrode 77 is

located on the piezoelectric thin film 75. The lower electrode 73, the piezoelectric thin film 75

and the upper electrode 77 overlap each other above a space 79 formed in the substrate 71. The
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and the upper electrode 86 of the second resonator 80 is connected to
the output termnal Qut. The upper electrode 76 of the first
resonator 70 and the |lower electrode 82 of the second resonator 80
are connected to ground. [0046] The piezoelectric thin film 74 and 84
may be made of a material conposed of alumnumnitride (AIN) to which
an el enent such as alkali earth netal (e.g. scandium (SO or
rare-earth netal (e.g. erbium (Er)) that increases a piezoelectric
constant is added. In addition, PZT (Lead Zirconate Titanate) or BST
(Barium Strontium Titanate), which has a piezoelectricity |arger than
that of AIN, may be used instead of die above described material. The
use of abbhes-deshadlrealqtierobisttric shio dilpacsedatbrombhie: weé fafthddebbrpice Roel Betlower
filmto which an elenent for increasing the piezoelectric constant is
not adddairode T mapbt eqiosédctocionsgiaenT9, pphenheabigd filncmay balodated baween the
general MN piezoelectric filmis 1.55 C/nR, but the present

enbodi rrewtr dlevewéadesnd the sice29.el &epade tnaydrdda@ardd Heowekd tKf laRebylectrode 73
addition of the elenent that increases the piezoelectric constant.

[ 0047] Sinfl itlecsbgtBit) 7 mayTHeecoisad réfectidhRins tlag be fictted thsteht DYFr@IMg(tHY sy
be used for an electrode filmthat fornms the | ower el ectrodes 72 and
82 and 7he theppbstragd BIct rodes 76 and 86. Silicon dioxide (Si02) may be
used for the dccoupler film78. As illustrated in FIG 12B, an

acoust i[0044¢f | e®1G: aDAfahl F194 2Baye &0ssieonddedicive gtnaaigfa ORBVI Thd @R he
space 92 in the substrate 90. The resonator R may use the sane

mat er i gloasled Radonaior Fitter, Ciipled HlOAR] BRI tBIAGEmL ¥R afok Filte) nhgPe Asdd @btead
degree of suppression because signals between bal anced tetm nals have

sane phaa®MB fitef. I @QARNEYoRERT0aNAY sbdoairésbBatpRSERa B ckeédbntad@bstrate 90 so
contrary, although the degree of suppression in a high frequency band

easi |y ade maees d decaugerTinersenued the fiksefesodahi® 70088 @R elondUBRLBBEBOBre
can be efficiently inproved using the enbodi nents. The enbodi nments

may be p@ptiegtlc tian g rédhab&e. kYR Bulk RfctsticTREs08MBL FBIBOL S TAE Girst
preferably applied to a reception filter which requires high

suppr essdoaftot M) tchidgha foved RBENI RN E piclHi8eBTDOH BNYS aHBYn BFpeRBRLIEE:
to a transmssion filter. A conmunication nmethod supported by the

filter 7wny The s@bh@fesbitast $anctudesafloVMEREdtrolD 82 8o M ShilBY M, and an

applied to one of or both of the reception filter and the

transmypserilediiolié 86. | NGUEESH, d FPabd®) HUBIRAYerviRith theSloRELEIBARIAE Y2 of the first
applied to the reception filter to i nprove the frequency

char actrgdonsbt 20 &fd thbeuistuple®yer effectively. The enbodi nents may be

applied to nodules including a filter or a duplex r besides filters

and dambh@sBr S. The lower electrode 72 of the first resonator 70 is connected to the input terminal In,
and the upper electrode 86 of the second resonator 80 is connected to the output terminal Out.
The upper electrode 76 of the first resonator 70 and the lower electrode 82 of the second
resonator 80 are connected to ground.
[0046] The piezoelectric thin films 74 and 84 may be made of a material composed of
aluminum nitride (AIN) to which an element such as alkali earth metal (e.g. scandium (Sc)) or
rare-earth metal (e.g. erbium (Er)) that increases a piezoelectric constant is added. In addition,

PZT (Lead Zirconate Titanate) or BST (Barium Strontium Titanate), which has a piezoelectricity

larger than that of AIN, may be used instead of the above described material. The use of the
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[ 0049] Al t hough t he enbodi nents of be present invention have been
described in detail, it is to be understood that the various change,
substitutions, and alterations could be nmade hereto w thout departing
fromthe spirit and scope of the invention. CLAIMS Wat is clainmed
is. 1. Afilter conprising: a coupled nmulti-node acoustic wave
filter connected between an input term nal and an output term nal;
a first inductor connected between the coupled nulti-nbde acoustic
wave filter and a ground tem Ilath an acoustic wave resonator,
one end of which is connected between the input termnal or the
output term nal and the coupled nulti-node acoustic wave filter; and
above described materials achieves a bandpass filter having a sufficient bandwidth and low-loss
characteristics compared to the use of AIN piezoelectric film to which an element for increasing
the piezoelectric constant is not added. A piezoelectric constant (piezoelectric strain constant)
of a general AIN piezoelectric film is 1.55 C/m?, but the present embodiment increases the
piezoelectric constant to 3.0 C/m” by addition of the element that increases the piezoelectric
constant.
[0047] Silicon (Si) may be used for the substrate 90. Tungsten (W) may be used for an
electrode film that forms the lower electrodes 72 and 82 and the upper electrodes 76 and 86.
Silicon dioxide (SiO;) may be used for the decoupler film 78. As illustrated in FIG. 12B, an
acoustic reflection film 94 may be provided instead of providing the space 92 in the substrate 90.
The resonator R may use the same material as that of the CRF.
[0048] A balance-type filter has a high degree of suppression because signals between
balanced terminals have same phase in a frequency band away from the passband. On the
contrary, although the degree of suppression in a high frequency band easily degrades in a
single-ended filter, the degree of suppression can be efficiently improved using the embodiments.
The embodiments may be applied to the balance-type filters. The embodiments are preferably
applied to a reception filter which requires high suppression in a high frequency band. The
embodiments may be applied to a transmission filter. A communication method supported by
the filter may be other than Band 1 of WCDMA. The embodiments may be applied to one of or
both of the reception filter and the transmission filter included in the duplexer, but is preferably
applied to the reception filter to improve the frequency characteristic of the duplexer effectively.

The embodiments may be applied to modules including a filter or a duplexer besides filters and

duplexers.
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a second inductor connected between anot her end of the acoustic wave
resonator and the ground termnal. 2. The filter according to claim
|, further conprising: a nultilayered substrate including dielectric
| ayers and conductive | ayers; wherein t he coupled nulti-node
acoustic wave filter and the acoustic wave resonator are flip-chip
mounted on the multilayered substrate, and the first inductor and the
second inductor are fornied by at | east one of the conductive | ayers.

3. The filter act'ordlniii to claim2, wherein t he ground
terminal is provided to a first conductive |ayer other than a second
conductive layer in which the coupled nulii-node acoustic wave filter

and t hd0@ddust Atthweghehe ersbmbiments af the poaseriténlentibrehdvierbsen dssodhecitin detail, it
| ayer and the second conductive |ayer being included in the
conductis toebelmderswod that thé.vaiibnes dhiahgee subatiimaonl, mgd dleraiops omed bé mabahemstol
t hrough 3, wherein

without departing from the spirit and scope of the invention.
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t he coupled nmulti-node acoustic wave filter is a coupled nulti-node

surface acoustic wave filter, 5. The filter according to any one
of clainms | through 3, wherein the coupled nulti-nbde acoustic wave
filter is a coupled piezoelectric thin filmresonator filter. 6.

The filter according to any one of clainms through 5, wherein
t he coupled nulti-node acoustic wave filter includes acoustic wave
filters connected in parallel between the input termnal and the
out put term nal. 7. A dupi exer conprising: a reception filter
connected between a common tenninal and a reception ternmnal; and a
transmssion filter connected between the common termnal and a
transm ssion ternunal. wherein the C&edptS on filter is the filter
according to any one of clainms 1 through 6.
What is claimed is:
1. A filter comprising:
a coupled multi-mode acoustic wave filter connected between an input terminal and an
output terminal;
a first inductor connected between the coupled multi-mode acoustic wave filter and a
ground terminal;
an acoustic wave resonator, one end of which is connected between the input terminal or
the output terminal and the coupled multi-mode acoustic wave filter; and

a second inductor connected between another end of the acoustic wave resonator and

the ground terminal.

2. The filter according to claim 1, further comprising:

a multilayered substrate including dielectric layers and conductive layers; wherein

the coupled multi-mode acoustic wave filter and the acoustic wave resonator are
flip-chip mounted on the multilayered substrate, and

the first inductor and the second inductor are formed by at least one of the conductive

layers.

3 The filter according to claim 2, wherein
the ground terminal is provided to a first conductive layer other than a second

conductive layer in which the coupled multi-mode acoustic wave filter and the acoustic wave
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resonator are mounted, the first conductive layer and the second conductive layer being included

in the conductive layers.

4, The filter according to any one of claims 1 through 3, wherein
the coupled multi-mode acoustic wave filter is a coupled multi-mode surface acoustic

wave filter.

5. The filter according to any one of claims 1 through 3, wherein
the coupled multi-mode acoustic wave filter is a coupled piezoelectric thin film

resonator filter.

6. The filter according to any one of claims 1 through 5, wherein
the coupled multi-mode acoustic wave filter includes acoustic wave filters connected in

parallel between the input terminal and the output terminal.

7. A duplexer comprising:

a reception filter connected between a common terminal and a reception terminal; and

a transmission filter connected between the common terminal and a transmission
terminal, wherein

the reception filter is the filter according to any one of claims 1 through 6.
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