
11 IDESGRII>TION flLTERDUPLEXIER. COMMUNKRVION MODUtiE, COMMUN1CATION
rn:;"'In-YP technical fleid fOl)311 The disclosure of the present
application Mates to a filter, a. duplexer, a communication module
and a communication device. BackgroundA". [(XX121 Due to a rapid
spread of wireless devices repreuntted by mobile phones, demands for
duplexers have been increasing rapidly. Particularly, there are
strong demands fat doptexers that use compact acoustic wave elements
having high. steepness, 15 f00031 The duplexers include a
transmission filter and a reception then 'The transatisSn filter and
the reception filter are required to have charactaristas of low loss,
high suppression and wide bandwidth. Especially, increasing the
bandwidth of the filters has been strongly desired along with the
recent demands for high-speed, large -capacity oammunication., 20
[0004] As a method for realizing the filters using acoustic wave
elements, ladder filters have been used widely The ladder filler is a
IMO-frequency filter configared by cennecting a plurality of
resonators having different resonance frell1enthee in a ladder shape.
whomincreasing, the hanctwunn or the Pioner mow, itprinciple posautie
to 2h shift, the resonance buiquencies of the niumarors to the lower
frequency side lw connecting inductances to the mutilators. Thereby
an apparent hitquency differentai between the lesoriatuE frequency
and ant:resonance frequency can be expanded., which allows the later
to have a wider bandwidth, Patent Document I discloses configuration
in which the ditlerence between the resonance frequency and the 30
antiursonance frequency is expanded by connecting an inductance to
each of series resonators and parallel resonators in series, se that
wider passband Characteristics can be obtained without causing
degradation 10 the middle band,  2 Prior Art Document: 



Patent Dminient Paitint Document 1: 100998)-12.6212 A Disclosure of
Invention Problem to be Solved by the Invention W0071 However, in the
configuration disclosed in Patent Document 1, since inductances are
connected to respective resonators, many inductances need be 10
provided along with an increase in the number of filter stages, which
pi :words a filter chip from being compact. By connecting inductances
only to the parallel resonators, the chip can be made compact.
However M this case, an increase in the bandwidth is limited by the
diffennun between the resonance 6:VC:per:CY and the antrestmance
frequency of the series resonator, which makes it difficult to
sutncjentlnncroase the 15 bandwidth. Means for Solving Problem. nC00
VU.:0 The iniea?.at application dischises a Biter that .themdes:: ane
or more series  resonators: one Or more parallel resonatera and an
inductance that is armected in 20 series to at least one of the
parallel it senators. An allti.M.Sonall(2 frequency of the parallel
resonator to which the inductance M connected in series is equal to
or higher than an antirasonance frequency of at least one of the
series rearciatora Effect of the Invention 14.}091 According to the
maisent application, it is possible to provide a compact filter
having wideband charactoasties. Brief Description of Drawings 



[0010] WIG. LAI Flu. IA is a circuit diagram cia anieS3 resonator.
30a:so, -irit nint nncn"-11`0` NeCR?i,nn.i-CTtJ.U) is
"FIG.EEG. IC is a characteristic diagram showing frequency
characteristics of the mama:tors.  C' [Ka filA fah 2A is a circuit
diagram of a ladder filter               213I FIG. 213 is a
characteristic diagram showing ft:Niamey characteristics: of the
resonators,                    2Al FIG-. 3.A is a circuit diagram of
a ladder filter. 5WIG. $131 Ma 313 is a circuit diagnim da ladder
filter characteristics of resematurs.         WIG. 4E] FIG. 413 is a
characteristic diagram showing attenuation characteristics of the
resonators. 10FIG. 40 FIG, 4C is a characteristic thagram showang
reflection characteristics of the aksonators.         WIG. 401 FIG.
413 is a characteristic diagram showing frequency characteristics of
resonatom, WIG. WI FIG flF is a tharacteristic diagram showing
attenuation 15 characteristics of the mu:tat:ire.         [FIG. 411
FIG, 4F is a characteristic diagram showing reflection
charactoristicts of the reamators. 



4G1 FIG. 4G is a characteristic diagram showing frequency
characteristics of the "escalators, 201111 FIG. 41-1 is a
characteristic diagram showing attenuation characteristics d the
k'C''-'         WIG 411; FIG. 41 is a characteristic diagram showing
milection charaftefistics of the resonators. 5A,Iis a circuit diagram
cif a duplexes' according to Embodiment:. WIG. 5131 FIG. 513 is a
drcuit diagrent of a duplexer of Conaparatitte Example.         IFIG"
6Al FIG, 6A is a characteristic diagram showing frequency
characteristics of resonators,               g13i FIG 613 is a
characteristic diagram showing attenuation characteristics of the
resonators, 30[1 10.ktu. 7 It: a enaractorhilie diagram snowing pass
characteristics of reception afters. WIG. Si Fla 8 is a black diagram
of a RE module pima:led with the duplexer  according to Embodiment.
9Al MG-, SA :is a schematic diagram showing a specific configuration
of a. transmission filter, 91A FRI. 913 is a schematic diagram
showing a specific configuration of a 5 iramtion ItPrx,?I'" is a
stilt-e-k,-,-L ulkt%-o-w showing a t'Pt`a-ts`' '''''`14;`acaLL'L of a
transmission Eden 



[FIG. RIB] FIG. 10B is a irk:ems:lc diagram Showing a spixiific
amliguration of a remotion filter" 10[FIG, 11A] FIC. 11A is a plan
view showing a film bulk acoustic reamator. WI0"1.1B1 FIG. 118 is a
miss-se:tonal view taken along a line A-Ain FLA. CM:G.12A FIG. 12A is
a plan view showing a film bulk acoustic resonator 'irc,'-'n-,,,---*;
-nOi.1,,Vr? a r%61.1TC; 15 12A. 12C1 FIG, 12C is a crib:xi-sectional
view eta film hulk acoustic resonator 1.201 FIG. 120 is a
cross-sectional view of a film bulk acoustic resonator. [MG-, 1.3A
FIG-. 13A is a schematic diagram showing a specific configuration of
a daplexer 20;:cAcitsikcSa6 16 a sicaematic imesibm boowaes
bdinogatte,bn of a duplexer module..         MG. 141 FIG. 14 is an
exploded perspective view showing a specific configuration eta
duplexer module.                 ar taro FIG- aek is a schematic
diagram showing a iiveceiti q'Qn4)ru-aon 25 of a duplexer imxhfie.
15ES.is a scheinatic diagram showing a spedfic ixinfiguration of a
duplexer module,         MG. 15C1 1,1.G. inc is a schematic: diagram
showing a specific configuration of a deplexer module. 30WIG. 10 FIG.
is a schematic diagram of a chap inductor 



[FIG.FIG.1.7 is an exploded perspective view showing a specific
configuration of a duplexer module.  5 WIG. I8 FIG-. 18 is a Moak
diagram of a airmanmicabe at module. MO. 1.9.1 FIG, 19 is a block
diagram of a communication device. Description of the Invention
I0011] Oihribridimentl) b. Configurations of biter and dirplexeri
1.A is a circuit diagram of a series resonator in a ladder filter.
FIG, 1.B is a circuit diagram of a parallel resonator in the ladder
filter FIG. IC shows frequency chamoCeristics of the seinirri
resonator and the parallel. resonator. A solid line in FIG, 10 1C
indicates frequency characteristics of a series resonator S shown in
FIG. IA. dashed line indicates fierpiency characteristicsdm resonator
P shown in MG. As shown in FIG.. IC. the series re3Oriater S has a
rea)nariee friumeney 1 and an antaressinancie frequency tie. The
parallel missinator Pt& a resonance frequency 15and an antimsonamo
frequency 14. Hera when the anthbrvinattm frequency f parallel
resonator P and the resonance .frequency of the sense resonator S are
suhstairo each other, -M . the series resonator S:Toad ma series arm
eigmal line that is connected between an input terminal Tin and an
output terminal and the parallel resonator Pie disposed in a parallel
arm ta signal line that is 20 connected between the series arm and a
ground) as allown in FIG, 2A.possible to real' 7e a filter having
lifter characteristics as shown in FIG. 213, 



0131 As shown in FIG-. aA, a ladder filter has a configuration in
which pairs of ladder circuits (each pair is a combination of one
series resonator and one parallel resonator) shown in FIG. 211 are
connected to each other in multiple stages (GI---G4), In the ladder
filter shown in FIG, 3A, series resonatorseach having a capaeity Cs
are connected to the series arm, and parallel resonators P1---P4 each
having a capacity Qe are connected to the parallel arms, At tins
time, in order to muvent reflections between the respective stages,
the ladder circuits are ounnected in a mirror-image firm as shown in
FIG. aA. For example, a node between the series arm 30 and the
para1le. arm in the ladder circuit of the first stage 01 and a node
between the series arm and the parallel arm in the ladder circuit. of
the second singe 0-2 are arranged next to each ()diet Further; the
series resonator 52 in the second stage 0-2  and the series resonator
83 in die third stage (13 is ainnixted next toother. The third stage
C3 and the Zara: stage G4 are connected to each other to have Hie
same wanection miationship as tin described :above. [001.4] When the
ladder circuits are asmixited in multiple stages as shown. M 5 3A,
theni ani a section where the seine type of the resenalere are
connected in series iI the series arm and a section when the s.ine
'type Of the:maim:tors ie oanneeted in parallel in the paredki artML
in. the sictual ladder filter: these resonators can be combined.
capacitively into one resonator for downsizing the filter circuit na
313 is a circuit diagram of a ladder filter in Whiell aitaCtent
retiOnathrS are ambined lo capacitively. As shown M FIG, 3B, the
series resonators 82 and 83 in Fla 3A can be nplaced by a series
resonator S5 having a combined capacity Ch2 that is a synthesis
capacity of the respective capacities Cs. Farther, as shown in FIG-.
3B: the parallel resomdars Pi and P2 in FIG. 3A can be replaced by a
parallel resonator PS having a wmbinied capacity 20p that is a
synthesis tenacity cif the .mspechve capacities Cp. 15 Monxwer, as
shown in FIG. 3E, the parallel resonators P3 and P4 in FIG-. 3A can
be replaced by a parallel itsima tor PS having a combined capacity
2Cp that is a synthesis capacity of the respective capacities (4),
f001.51 FIG 4A shows frequency characteristics of a series resonator
(frequency characteristic VO and a paraIdel resonator (frequency
charactelistic 'Vr)) hafore 20 expanding a frequency dill:warms
thembetween" FIG 48 shows attenuation characteristics af a filter
that includes mama:tom having the frequency characteristics shown in
FIG. 4A, FIG. 4C shows mike:ion characteristics of the hilor that
includes resonators having the frequency characteristics shown in
FIG. 4A, :FIG, 411 shows .frequency characteristics of the series
resonator and the parallel resonator after expanding iimmency
ditlereneas between the resionanmiantimsonance frequencies of the
series resonator and the resanancelantireamarme frequencies of the
parallel resonator, as compared with the frequency characteEstics
shown in CID 4A. FIG. 4E shows attenuation characteristics of a
filter that includes resonators having the fiwitietwv characteristics
shown in FIG 411 FIG, 419 shows zellection characteristics 30 of the
filter that includes msonaters having the frequenc5, characteristics
shown in FIG, 4D. KG. 4G shows faxpiency characteristics of the
series resonator and the parallel resonator alter shifting the
resonance frequency of the Setk:S resonator and the  teSORallM
freffailtileV of the parallel resonator to the lower frequency side,
as ocanpared with the frequency thimacteristice shown in. FIG-, 111



In the ladder filter; the pawthand can be :notated by
expandirufinquency difference between the series resonator and the
parallel resonator. For example, in ttv titter having the
characteristics shown in FIGS. 4A7-4C, the series resonator haying
the tharacterlitic V.,3 in FIG 1A may be replaced by a senea
resonator having 10 diaracteristic s.?2 in FIG 11), and, the parallel
resonator having the characteristic Vp3 in FIG, 1.-A may be replaced
by a parallel resonator haying characteristic NI,2 in FIG, 41).
However, in this method, impedance matching cannot be ensumd, which
causes large- Pe loss substantially in the middle of the passtand as
shown in FIGS, 4E and A 1-:' A diffineilim between the resonance
frequency and the alltiltSXMlan< finquencv of the resonator is
determined depending an a coupling coefficient- of the resonator
itself thereinre, is difficult to reduce the loss of filter
characteristics   uPly by expand,(ItlenCY diftereniX1 between the
series resonator and the parallel resonator.. 20,0,1131 1.1i cope
with this, it is in principle possible to shift the resonance
frequency to the lower frequency aide by connecting an inductance to
the resonator. Thereby the apparent frequency difference between. the
resonance frequency and the antimsonance frequency can be expanded,
For example, when an inductance is connected in series to each of the
wines resonator and the parallel resonator liar expanding the
diffirencti between the resonance frequency and the antimsonamyt
finquency, the resonators will have frequency characteristics as
shown in FIG-. 40, 133' producing a filter using such :msonatons, the
filter can obtain wideband characteristics without causing
dearactanon substantially in. the middle of the figmlency band as
shown ill FIGS. 411 and 11. nl However; in the method in winch the
bandwidth is in:Incised by COT:Met:lig 30 inductances to the
remnators, inductances are connected to the respective resonators,
Therefore, many inductanins need -beprovtdedalongwtth an increase in
the number 01 filter stages, which paivents a filter ch3p twin being
compact. By connecting  8 inductamxis only to the parallel
resonators, the number of the inductances can be reduced and. the
chip can be made compact. However; in this case, an increase in the
bandwidth is limited by the difinrcinixi between the resonance
frequency and the antirescmance frequency of the series resonator,
which makes it difficult to sufficiently 5 increase the bandwidth,
l01120] OW:al:Moe 



FIG. 51k is a circuit diagram of a duplexes aanniin.g to :Example 1,
The duplexer shown ill FIG, 5Ais provided with a transmission filter
1 and a mixrption filter 2. The transmission filter 1 and the
reception filter 2 include ladder Biters, 10 The reception Eller 2
includes series resonators Sl-Sef., pars) el resonators P1.--P4 and
inductatimisL1-1,3. An output side of the transmission filter 1 and.
an input side of the maipthm filter 2 ate (X)01),C:tiiod to an
antenna AM, An input side of the transmission filter 1 is numected to
a transmission terminal Tx. An output side of the mcrapnon filter 2
is ommected tea nsreption terminal Ha, Hem, the series 15 resonators
31-84 and the parallel resonatorscan be realized using film bulk
acoustic resonators that use aluminum nitride as a pieigaileclaie
E0021.1 The recnition filter 2 shown ifl FIC, fricl is ihrther
provided with a parallel resonatorand an inductance LPL The parallel
resonator PH is connected to a parallel arm Amanhresenance frequency
of the parallel resonator Pll coincides with 20 antiresonairee
frequencies of the series lbsonators SI-81. The inductance LH is
connected in series to the parallel resonator P11. By connecting the
inductanceldi in series to the parallel resonator P11, a resonance
frequency of the parallel re:3032.athr 1111 is ad-usted to be lower
than resonance frequencies of the inat aikii resonators PI-P4. A
reception filter 102 shown in :PG, 511 is an example he Which the
vs-tenet resonator PH and the inductance LEI are removed from the
configuration cif FIG. 5A br compansom f0022; NC. 15A shows frequency
characteristics of the series resonators Sh-S4 and the parallel
resonators PI-Pd in FIG. 5A, and frequency character:slim tithe
parallel resonator Pli to which the inductance L11. is connected"
h'IG" 6B shows attenuation 30 characteristics of a filter provided
with mainators having characteristics shown in FIG-, GA, In FIG-. GA,
characifdistic VS1; is the frequency characteristics of the series
resonators S1.--S4., Characteristic Visit is the .frequency
characteristics of the parallel  9 resenaton; P1-P4. Characteristic
Vo2 is the fniquency .o1 ixof the parallel. msonator Pill. As shown
in FIG. BA, a passhand of the filter is inehlded between a
:7CSOnat1Oe fniquency fg,J and an:anti:inn:ince frequency t:,:; of
the parallel resonator P11 to which the inductance 1,1.1 is connceed
in series, .Airequency band that is sandwiched between the nisi:mance
frequency Ino and the antimsonance frequency to is a region whentt a
phase of a reflection coefficient in the .nisonsnor changes thin 0 to
180 degMSS" ThetUttet, a two-thradnal. element that hichides the
paraBel re:vet:nor Pll and the it ductarni 131 connected each other
operates as enInatChing box:in the frequency band sandwiched between
the Mienctint5e frequency llig and the 10 antimsonancx frequency Li,
Thereby, the impeciancx can be matched substantially in the middle of
the patisband in FIG. (1A, and thus it :is possible to suppress the
degradation substantially in the middle of the passband as shown in
11.0, ElE" 



[0023] FIG-. 7 shows pass characteristics of reception filters, In
FIG, 7, a shad line indicates reception characteristics of the
reception filter 2 (Example) shown in FIG, tiA" 15 A dashed line
indicates reception characteristics of the nxxiption. filter (Example
kir comparison) shown in FIG, 511, In other words, the solid line
thews characteristics of the tettlithell filter to which the parallel
resonator P11 and the inductance L11. are added as the impedance
mat:thing bat Wines represented by horizontal axes in FIG, 7 are
normalized by the center hint Emmy of the reception aim As an
example, a 20 fractional bandwidth of the filter is titti By adding
the impedance matching box to the reception film 2, the impede:1m
mismatching substantially in the anddle of the passband is improved
as shown in FIG. 7, which makes it possible to nialige sufficient
flat filter dharacteristics even in the bandwidth where the
fractional bandwidth is 6%. Reps, tor example, a capacitance of the
parallel resonator Pll. and 25 the inductance Lil can be set at 2.3
pfl and 3 nbi, Inspect:Moly and a resonance point and an
antiresonance point. of the nindiel arm that aumects the P11 and the
LII in series can be set at 0"511. and 1.033, nitipectively at the
normalized frequency The antinsonance point, can coincide with
antiresonanni points of the series mix-ma:ors that ix:institute the
litter, and the resonance point can be arranged at a frequency that
30 is sullicienlltylOWer than the passband.. Thendine, in the
passband of the filter, the parallel. resonator1111 functions simply
as a reactance element and functions ateully as an impedance matching
element.  I0 100241 in the pidisent example, although the
antimsonance frequency of the parallel 1w-wager Pil coincides with
the antirest3Til-mice fiequericies of the series reamaters 31---S4,
the antiresenance frequency of the parallel resonator Pli. may be
-higher than the antiresontuite freqwencies of the series
resonatorsThis case also allaws 5 the passharid. of the filter to he
included between the resonatux: fitquency and the antinisonance
frequency of the parallel resonator P11. Incidentally, in the film
bulk aniustic resonator whose retemanoe frequency is mintrthed
depending on the thickness of the constituent layers, it is difficult
to independently adjust frequencies of the respective nisonators
included in the filter Theretbre, the configuration in which the 1.0
antinesonance frequency of the pima:lel resonator vn comrades with
the amine:num:ace frequencies of the series resonators Si-S4 and the
resonance frequency of tiw panillel resonator P11 is shifted ly the
inductance Lill is advantageous in terms of the production process.
10020i Ferthen in the present example, although the resonators are
realized using 15 the tffie he& acoustic reinnators; the same
consideration is applicatile to surface awastic wave eicimants, Love
wave elements, and 'iamb wave elements. Frequencies of these elements
can be adjusted by changing a pinch of an MT anterldisital
Transducer) electrothi. -Unlike the him tnak a:TX:US:le IMSOI3Itztor,
the resonators whose frequencies are writrolied by the 111IT pitch
are not constrained by the adjustment of 20 frequencies depending on
the thickness of the minstituent layers.. In this case, since a high
frequency edge of the passband of die filter is defined by the
antinwmanea frequency of the resonator having the lowest resonance
frequency among the series resonators, it is preferable that the
ant:resonance frequency of the parallel resonator P1.1 



for impedance matching is made to mitadde with, or adjusted to be
higher than 25 the antiieninamn :Ott:mt.:my of the rectonater having
the lowest resonance frequency among the series resonators. Further.
since a low frequency edge of the passband of the fiber is defined by
the resonance frequency of the resonator having the highest resonance
frequency among the parallel .resonators, it is 'utterable that the
resonance: fitquency of the parallel resonator Pil. hr impedance
matching is made to coincide 30 with" or adjusted to be lower than
the resonance frequency of the resonator haying the highest resonance
frequency ak3110X3g the parallel resonatain, 100261 Further; in the
present example; although the duplexer is used for description  1I.
as shown in FIG. 5A, the same effect as that obtained ill -the
present example can he obtained also in the case of ming the
re(>31.)tiOn 1002.1 Further, in the present example, although the
ladder filter is used for deikription as shmsea. in FIG. 5A, the same
oiled as that obtained M the present 5 example can be obtained also
in a lattice filter that connects series re&kilater6 and parallel
msonatom in Q. lattice ithape. [0024 When the plikality of series
:resonators S1.----S4 have resonance fixiiquencies different from
each other, it is preferable that the antireamance fits:a:may of the
paraLtelrf.ftonatorI>1ItowkuehUxeinctucLance 1,11. is connected in
series is equal to or 10 higher than an antireamance frequency of the
series resonator having the lowest resonance frequency among the
plurality of series resonators .0029 When the plurality of parallel
resonators PF-P4 have resonance frequencies dfflhnmt;.frein each
othek it is prof:brat:le that the resonance frequency of the parallel
resonator P11 that is shifted by the inductance LII is equal to or
lower than a resonance frequency of the parallel :resonator haying
the highest resonance frequency among the plurality alparallel
re80313. tors Ill-P4. f00301 FIG. 8 shows an exemplary BF module
provided. with the duplexer according to the present embodiment. The
BF module shown in FIG. 8 includes a switch (SW) module 202, a
duplexer bank module 203 and an amplifier CAMP) module 204. The 20
duplexer bank module 20$ includes a plurality of :knickers 203a-203c.
The switch inoduk 202 is connected to antennas 201a and 2011), and
properly selects one of the plurality of dtkplexers 2032-203c
included in the duplexer hank module 203 kr exchanging transmission
signals and reception signals. Although, in FIG" 8, -the duplexers
are part of the duplexer hank module 20$, they may be inoarporated
into the amplififir module 204 or the switch module 202 to be
fiirrned into one module, fin example. 



[00311 (Example              9A a sdatimatic diagram showing a
specific oanfiguration of a transmission filter chip shown in FIG.
5A, FIG. 98 is a schematic diagram showing a 30 specific imakumatioit
ma me:intim" filter chip shown ni IdC. 5A. As shown in FIGS.
andthe transmission filter and the reception filter included in the
thiplexer can be formed as separate filter chips. Series resonators
821-824, parallel resonators  12 P21-1)21 and an inductarre 1.11,.
included. in. the transinissiontilteY Chip shown in F1.13. 9A are
denoted with the same iniferenda ormierals as those in FIG, 5A, so as
to :make the audiguration shown in FIG. A consistent with the
configuration shown M FIG, 5.A Ftirther, the series :rain:niters
SI-S1, the naralkil nisonateni PI-P4-, the 5 inductimatsL1-12, the
parallel resonator P11 mid the, inchictimm LU. included in the
reception filtir chip shown in Mb 913 are denoted with the &atm
infer:moo numerals as those M. lida 5A, so a8 to Make the
andigaration shown in FIG. l'fB insistent with the amfiguration shown
in FIG, 5A, 1.00321 In FIGS, 9A and 913, the inductarmisii1-1,3 :and
121 can be realized. using 10 external componente or wiring on a
package or a module substrate, The filter chips shown in FIG-S, 9A
and 913 can be formed by making Dm bulk acoustic resonators on a
@Mame substrate on [0033] The filter chips can be malized using
surface acoustic wave elements. 1011 is a &thematic diagram showing a
transmission filter chip realized using suriace 15 acoustic wave
elements as the resonators. FIG, 1013 is a schematic diagram showing
a receptimo fIlter chip realized using surface acoustic wave elements
as the resonators. 'The seesnisonatiors S21.-S24, the paralki
resonators P21.-P21 and the inductance 1,21 included in the
transmission filter chip shown in FIG. 10A are denoted with the same
relimmai numerals as those in FIG. 5A., so as to make the
configuration shown. 20 in. FIG ..1.0A consistent with the
configuration shown in. FIG 5A. Further, the series resonators
Sk---Stf the parallel resonators 1)1.-P4, the inductan.OES I:143, the
parallel resonator PIT and the inductance I.1.1 included in the
reception filter chip shown in FIG 108 are denoted with the same
reference numerals as these in FIG, 5A, so as to make the
dirdiguration shown in FIG 108 consistent with the inifiguration
shown in 25 FIG, 5A,. The filter chips shown in FIGS, IOA and 1 Oil
can be formed by wiring aluminum EIAI) an a pierxxileetric substrate
21.. 00341 FIG" I 'IA is a plan view showing a specific configuration
of a film bulk aruutitic resonator1113 is a coossafictimtal view
taken along a line A-A. in FIG. 11.A. 



As shown in FIGS. 11Aandli13, the film bulk aimustic resonator
includes: a substrate 30 31, a lower electrode 33 termed on the
substrate 31, a pleztelixitric film 31 farmed on the lower electrode
33, and an upper electrode 32 firmed on the pitiztelothric film 34.
In a 37egion in the sithstmto '31 whinie the upper electrode 32 and
the lower electrode 3'3  1:3 overlap With each other, a void 35 is
firmed" 1.00351. FIG. 12A is a plan view showing a specific
maliguration of allOther Mal 1:ear aimustic resonator. i81G. 128 IS a
maxis-sectional view taken along a line A-A i111,FIG...12A. As shown
in FIGS. 12A and 1213, the film bulk acoustic resonator includes a
substrate 41, a. lower electrode 46 thrilled on the substrate11., a
piegtailectric ;Um 44 !brined on the lower elect-m:1e 43, and an
upper eletimde 42 farmed on the piezoelectric film 44 In a maiOfl in
the substrate 41 where the upper electrode 42 .aml the lower
electrode 43 overlap with each tither, a void 45 is formed. FIG, 12C
is a crosssectional. view of a. film bulk atioustic reiginator in
which the void 45 is not formed 10 in the substrate 41 in the film
built amustic resonator shown in 'Ha 12B, but a void 55 is firmed
between a substrate 51 and a lower electrode 53. The tam balk
acoustic resonator shown in KG. 120 includes the substratc 51, an
upper electrode 52, the lower electrode 53 and a pianxilectric54. Ka
12D is a emsirsectional view of a film hulk acoustic resonator in
which reflection films (35 are formed. in place of the void 15 45 in
the film bulk acoustic resonator shown in FIG. 1213. The film built
acoustic resonator shown in FIG, 121) includes a substrate 61, an
upper electrode 62, a lower electrode 63, a pMiaxilectric film 64 and
the reflection film 65. 10036 FIGS. HA and 135 are schema de diagrams
showing specific configurations of duplexers. Since the filter claps
include mechanically-driven parts, it is pattbrabk to 20 seal them
hermetically. In the hermetictilly sealed mailigiration, the mosption
filter chip and the timilk3Mitision filter chip may he hermetically
sealed mparately, or hernatibcally :gi.s4sd. together as a duplexar
package. FIG. 1.3A shows a form in which transmission"fdter package
71, a reception filter package 79$ inductances 111,12, 1,3, L11. L21
are mounted on a substrate 70. FIG. 1313 shows a fin in which a 15
dimkmer package 74 and die inductances Li. L2, U1, Li 1. L21 are
mounted On the substrate '70. The duplexer package 74 aintains a
transmission filter chip 75 and a morpthin filter chip '76. 



(0037] :FIG, 1.4 is an exploded. perspective view showing the
duph.mer package having the hermetically sealed configuration_ As
shown in MG. 11, in the duplexer package, 30 the transmission filter
chip 75 and the inception filter chip '76 are mounted in a cavity 77a
of a ceramic packiiign 77 by flip chip bonding. By welding a
substantially flat metallic cap '78 to the oarataic package TI, the
cavity 77a can be sealed.  I4, 100381 bal. 154. is a cresstsectionid
view of a duplexiir package that, is hermetically sealed by resin
molding. In the duplexer package JWI in FM, laA, the transmission
filter illnp 75 and the maiption filter chip 76 are mounted. on the
ceramic package 'T7 by ffip chip bondin A.msin mold 78 awers the
transmiasion filter chip 5 75 and the reoatition, filter chip 76,
llicreby the transmission filter chip 75 and the remption filter chip
76 can be sealed hermetically ;00;l19-1 Ina 15B a crettonectiimg idew
;la duplexer package that is hermetically sealed by metallic molding.
In the duplexer package shown in Fla 15B, the transmission filter
chip 75 and the reception filter chip 76 am mounted CM the amunic 10
package 77 by flip chip bonding. A metallic mold 79 surrounds the
transmission filter chip 75 and the raueption filter chip 76, and a
metallic lid 80 seals the upper portions. Thereby; the transmission
filter chip 75 and the reception filter chip 76 can be scaled
hermetically. [0040.1 KG. 15C is a cross-sectional new of a duplexer
package that is hermetically 15 sealed by resin molding and metal::
molding, In the duplexer package shown in 1SC, the tranti.nakiSicrn
filter chip 75 and. the moeption filter chip 76 are mounted on the
airamic package '7'7 by flip chip bonding. A mainmold 82 COVer3 the
transmission Sher chip 75 and the reception filter chip 76, and a
metallic mating material. :Dyers the resin mold 82. Thereby the
transmission filter chip 75 and the reception filter chip 76 20 can
be sealed. hermetically. [004,1] The hermetically sealed
conligurations shown in FIGS" 14, 1.5A-4.5C are only examples, and
another configuration may be adopted as long as it can at least seal
the transmission filter chip and the reception filter chip berme
tically" [0042] FIG, 16 le a schematic diagram showing an exemplary
embodiment elan inductance. The inductance shown in FIG. 16 includes
six inductanats L21, 1.22 that, are made of chip inductors and formed
on a substrate 83. &Ph ends of the inductance Li are connected to
pads Ma. and 845. Both ends of the inductance 1.2 are connected to
pads 84c and 84d. With ends of the ind uctance 1.3 are connected to
pads Me and 8411 Both ends of the inductance 1,11 ant am:meted to
pads Mg and EMla. 80 Ilkith ends of the inductance 121 are connected
to pads 114i and 84j. Both ends of the inductance L22 are connected.
to pads 84k and 84m. The integration method of the inductances is not
limited to chip inductors. The inductances need not be chip parts,.  



I5 The inductances can be formed using wiring on the package Or
substrir 1130431 Further, as ShOWil in FIG-, r, the inductance can be
termed using tm [PT) integt'ated Passive Device) 85 :brined on the
substrate. Sine the. IPD includes mighanically-wealt parts, it is
preferable to 13Qtitie it. irlaide the package. The duplexer packaim
Shown in it7Ig, II has a configuration M which the 1PD 85 is
hermetical, sealed in the imramic package t.ogetier with the
transmission Ellerad trio recription filter o 76. 100441Configuration
of manmunication module] t.. 18 shows an exemplary aninnunication
module provided with 10a.cairding to the present embodiment As shottm
in FIG, 18, a duplexer 1.62 includes a inn:tent:ion filter 162a and a
Lansmission filter 162b. The reception filter 162a is connected
to"lbr example, reception temnitals 163a and 163b that correspond. to
a balanced output" The transmission filter 162b is COnneet43:1 tOa
transmission tannin:J:11.65 via power amplifier 164, Hem,
thetprioulIIterIb2aincmudesa 15 filter am:suing to the present
erribigliment. 100451 in the remotion operation, the reception filter
162a passes only signals in a punletermined frequency band among
mceptimi signals that are input via an antenna. terminal 161, and
outputs them from the reception terminals 163a and 163b to the
outside. Further, in the transmission operation, the transmission
filter 16213 passes 20 onW signals in a predetermined frequency band
amongitansmission signals that are input from the transmission
terminal 165 and amplifIed by the power amplifier 164, and outputs
them from the antenna terminal 161 to the outside, ;00461 By
pi:mid:rig the cfmamunication module with the filter according the
plesent embodiment, it is possible to realize a compact and
inexpensive communication module having wideband characteristics
while maintaining low loss. I110471 The configuration of tbe
communication nuidule shown in FIG. li8: is tan example, and the same
effect can be obtained even when the filter according to the present
embodiment is mounted to a communication module having another Firm.
100481 13, Configuration of manna unication device). 30FIG, 19 shows
a RF block: eta mobile phone terminal as an exmlipita temmunication
device that is provided with the filter accenting to the present
embodiment or the albrementioned communication module, hirther, the
16 communication device shown in19 is a mobile phone terminal
correspiinding to a 



GSM ;Global System kir Mobile) onramunication system and a W-CDMA
(Witieband Code Division Multiple .Attiess) watmunication SVSteln,
The GSIN$ minim imication system in the present enabodinmnt
EnrreSparldS to the 850 MIFF: biind, the 950 .MID .5 band, the 1.8
Gllk band., and the 1.9 Gllit band, Although the mobile nhone
terminal includes a mitimphime, a speaker a liquid crystal display,
can, in addition to the confaniration shown in FIG. 19, these nembers
am not illustrated Since they are unnecessary to the description of
the present embodiment Here, nimption filters 173a." 177-1.80 have
the filter configuration accordlini to the present embodiment. 10
E00491 First depending en whether the tminnunication system of a
reception signal input via an antenna 171 is the W-CDMA or GSM, an
antenna switching cimuit 1.72 selects an ikfl. to be operated. When
the input .ItCeptiOn signal corresponds to the
MT-GDMAtionimuniciiitdon system, the antenna switching circuit 172
padibMIS SWildthig so that the reception signal is; output to the
duplexer 17$. The reception 15 filter 173a limits the reception
signal input 6ato the duplexer 173 to a predetermined frequency band,
whereby a balanced reception signal is output to an tiNA 174. The LNA
174 amplifies the input rempti.ion signal, and outputs it to an 1131
176. The LSI 176 pecterms demi:nig te an audio signal based on the
input reception signal, and controls the operations of the respective
parts in the in:while phone terminal 20 l00501. Meanwhile, in the
case of transmitting a. signal the 1.S1. 176 generates a transmission
signal The generated transmission signal is amplified by a power
amplifier 175 and output to a transmission filter 1.73b. The
transmission filter 173b passes only signals in a medetermined
frequency band among the input transmission signals. The
b,aniimisaion signal output from the transmission filter rah is
output 95 via the antenna switching circuit 172 from the antenna 171.
to the outside. [9051.i When the input reception signal corresponds
to the GSM cord mut:cation system., the antenna switching circuit 172
selects one of the :inception filters 177H 80 in accordance with the
frequency band, and outputs the reception signal to the selected
reception filter. The reception signal whose bandwidth has been
limited by the one of 30 the reception filters T17-180 is output to
an 1Sf 183.. The 151 183 performs &wading to an audio signal based on
the input wanton signal, and controls the operations of the
respective parts in the mobile phone terminal. In the case of
transmitting a  1.7 signal, the LSI 183 generates a transmission
signal The generated tranSraiSt3SIII Signal is amplified by a power
amplifier 1.81 or 1.82 and output via. the antenna. switching circuit
172 from Ilia kIntenna 171 to the outside, [005A Ely pnwiding the
comummiaition device with the filter ziamixling to the present 



El embodiment or the communication module. A is passible to .inalize
a compact and inexpensive ammaimication deviw haying wideband
dharaderistics while maintaining low loss. [005314. Eflhas of the
embodiments, etc.] According to the present. embaliment, it is
possible to realize a compact and 10 inexpensive filter, driplexer,
communication umxhile and communication device braving wideband
characteristics while maintaining low km. Specifically, in the
.reception filer, the parallel resonator P11 is added in parallel to
the a:Ties arm, and the Maud:an:xi 1,11. is dinned:ea in series to
the parallel resonator P11. Further; the resonance irequienqi, of the
parallel resonator P11 coincides with the resonance 1.5 finquencies
of the other series resonators in the filter and is lower than the
resonance fnaluencies of the etleer parallel resonators. Thereby, the
parriband of the filter can be in:dueled between the resonance
frequency and the antiininnance frermency of the parallel resonator
PH, whieh realizes a wider bandwidth while inaintaining low loss.
Further, since an inductance need not be connected to each of the
plurality of 20 the resonators provided in the filter, A is possible
to realize a compact and inexpensive 10055] The series resonators
S1---S4 in the present embodiment are exemplary series resonators of
the present application. The parallel resonators PI-P4 in the pmeent
embodiment are exemplary parallel resonators of the present
application. the 2e inductance Li 1 in the pnesent embodiment is an
exemplary inductanai of the present application, The parallel
resonator PIT in the present embodiment is an exemplary parallel
resonator to which the inductance of the present application is
connected in series, 30 Industrial applicability [0056] The present
ieuplication is useful for a filter, a duplexer, a anneounication
module and a anummication device.  Description of Reference Numerals
[00571 1 transmission filter 2 reception filter P11 resonator IA1
inductance 



.A. filter, COMP.riShIg: 0Ile or mow series .ntsonatorsl One or more
parallel resonators; and an inductance that is connected in tieries
to at least one of the parallel resonatent,        wherein an
anthesoname fhtquency of the parallel re senator to which the
inductance is connected in series is equal to or higher than an
antiresonance .frequency at least one of the t' \. resonators, 10
2,The filter according to claim 1, wherein a resonance fittquency of
the parallel resonator to which the inductance is connected in series
is shifted by the inductance so as to be equal to or lower than a
resonance frequency of at least one of the other parallel resenaters,
g.The filter according to claim 1" wherein when the plurality of
series resonators have resonance frequencies different from each
other, the antiresonance frequency of the parallel resonator to which
the inductance is connected in "series is equal to or higher than an
ant:resonance frequency al the .S.erieS resonator haying the lowest
20 :es:mance frequency among the plurality of series resonators.
The filter awarding to chain 2, wherein when the plurality of
parallel resonators have reitonance frequencies different from each
other, the resonance frequency of the parallel resonator that is
shifted by the inductance is equal to or lower 25 than a war:name
fiequency of the pstralltd resonator having the highest resonance
frequency among the plurality of parallel resonators" 



b.The filter awarding to :Jain 1, wherein the parallel resonator to
which the      inductance is atnnected ifi Seri:3S has the same film
amilauration and film thickness as 30 those of the series tea-motors,
20 between the antiresenance linquency and a resonance frequency of
the resonator to which the inductance is connected in series. A
duplexer, comp _sing a transmission filter; and a inception filnr,
wherein the lieceptio. flitto any one of claims 1. to 6. 8. A
communication module that provided with a ffit.&r the tiller
compnsing: 10one or more series resonators; one or more parallel
resonators; and an inductance that is connected in series to at least
one of the mparallel wherein an anuresonance frequency of the
parallel resonator to which .15 inductance is connected in series is
equal to or higher than an antiresommin frequency of a.t least one of
the series 9. Actimmimication device that is provided with a filter,
the filter co one Or MOM series resonators; 20one or more parallel
resonators; and         an inductance that. is connected in series to
at iast one of the parallel resonators, 



wherein an entire:* Siee frequency of the parallel resonator to whkth
the inductance is connected in series is equal tear higher than an
antiresonance frequency of at least one of the series resonators. 


