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15 [0003] The duplexers include a transmission filter and a reception filter. The

transmission filter and the reception filter are required to have characteristics 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 communication.

20 [0004] As a method for realizing the filters using acoustic wave elements, ladder
filters have been used widely. The ladder filter is a high-frequency filter configured by
connecting a plurality of resonators having different resonance frequencies in a ladder
shape.

[0005] For increasing the bandwidth of the ladder filter, it is in principle possible to

25  shift the resonance frequencies of the resonators to the lower frequency side by
connecting inductances to the resonators. Thereby, an apparent frequency difference
between the resonance frequency and antiresonance frequency can be expanded,
which allows the filter to have a wider bandwidth. Patent Document 1 discloses a
configuration in which the difference between the resonance frequency and the

30 antiresonance frequency is expanded by connecting an inductance to each of series
resonators and parallel resonators in series, so that wider passband characteristics can

be obtained without causing degradation in the middle band.
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10  provided along with an increase in the number of filter stages, which prevents a filter

chip from being compact. By connecting inductances only to the parallel resonators,

the chip can be made compact. However, in this case, an increase in the bandwidth is

himited by the difference between the resonance frequency and the antiresonance

frequency of the series resonator, which makes it difficult to sufficiently increase the
15 bandwidth.

Means for Solving Problem

[0008] The present application discloses a filter that includes: one or more series

resonators; one or more parallel resonators; and an inductance that is connected in
20  series to at least one of the parallel resonators. An antiresonance frequency of the

parallel resonator to which the inductance is connected in series is equal to or higher

than an antiresonance frequency of at least one of the series resonators.

Effect of the Invention
25  [0009] According to the present application, it is possible to provide a compact filter
having wideband characteristics.

Brief Description of Drawings
[0010] [FIG. 1A] FIG. 1Ais a circuit diagram of a series resonator.
30 [FIG. 1B] FIG. 1B is a circuit diagram of a parallel resonator.
[FIG. 1C] FIG. 1C is a characteristic diagram showing frequency

characteristics of the resonators.
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"FIGEEG 1Cis a characteristic diagramshow ng frequency
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resonators. 10FI .1S .a characteristig t r am showang
refl ection char aﬁ‘&f%@ﬁ@? g&ﬁ%%‘ﬂ@%ﬁmgahﬁer WG 401 FIG
413 is @ charact gwics BB} FUGagB & shawt B etd8 48 Mees MapACt eri stics of
resonatom WG W FIGTfIF is a tharacteristic diagram show ng

attenuation 15 ch@iGaci’éFlI6t 4 ss otharhetemstit diagrame showing freqyecG. 411

FIG 4F is a characterjstic diagram show ng reflection
char act ori §W@W¢%?£€e?‘§ﬁﬁ%or s.

[FIG. 4B] FIG. 4B is a characteristic diagram showing attenuation
characteristics of the resonators.
10 [FIG. 4C] FIG. 4C is a characteristic diagram showing reflection
characteristics of the resonators.
[FIG. 4D] FIG. 4D is a characteristic diagram showing frequency
characteristics of resonators.
[FIG. 4E] FIG. 4E is a characteristic diagram showing attenuation
15 characteristics of the resonators.
[FIG. 4F] FIG. 4F is a characteristic diagram showing reflection
characteristics of the resonators.
[FIG. 4G] FIG. 4G is a characteristic diagram showing frequency
characteristics of the resonators.
20 [FIG. 4H] FIG. 4H is a characteristic diagram showing attenuation
characteristics of the resonators.
[FIG. 41] FIG. 41 is a characteristic diagram showing reflection characteristics
of the resonators.
[FIG. 5A] FIG. 5A s a circuit diagram of a duplexer according to Embodiment.
25 [FIG. 5B] FIG. 5B is a circuit diagram of a duplexer of Comparative Example.
[FIG. 6A] FIG. 6A is a characteristic diagram showing frequency
characteristics of resonators.
[FIG. 6B] FIG. 6B is a characteristic diagram showing attenuation
characteristics of the resonators.
30 [FIG. 7] FIG. 7 is a characteristic diagram showing pass characteristics of
reception filters.
[FIG. 8] FIG. 8 is a block diagram of a RF module provided with the duplexer
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char act er i &tapemaisagy @lftshowi ng attenuation characteristics of the
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9AI MG, SA :1s a schematic diagram showi ng a specific configuration
of a. transmi ssi GAG.i1DAEFIGII0M ER schebatic shaprsmheboatnga dhagicmmfiguration

showi ng a specific.confjguration of a 5 irantion ItPrx,?l"'" is a
stilt-e-k, 9L 2 ragsloisga owing at'Pt a-ts’' "' “14; acall' L of a
transm ssion EdeFFIG. 10B] FIG. 10B is a schematic diagram showing a specific configuration
of a reception filter.
10 [FIG. 11A] FIG. 11Ais a plan view showing a film bulk acoustic resonator.
[FIG. 11B] FIG. 11B is a cross-sectional view taken along a line A—A in FIG.
11A.
[FIG. 12A] FIG. 12A is a plan view showing a film bulk acoustic resonator.
[FIG. 12B] FIG. 12B is a cross-sectional view taken along a line A—A in FIG.
15 12A
[FIG. 12C] FIG. 12C is a cross-sectional view of a film bulk acoustic resonator.
[FIG. 12D] FIG. 12D is a cross-sectional view of a film bulk acoustic resonator.
[FIG. 13A] FIG. 13A is a schematic diagram showing a specific configuration
of a duplexer.
20 [FIG. 13B] FIG. 13B is a schematic diagram showing a specific configuration
of a duplexer module.

[FIG. 14] FIG. 14 is an exploded perspective view showing a specific
configuration of a duplexer module.
[FIG. 15A] FIG. 15A is a schematic diagram showing a specific configuration
25  of a duplexer module.
[FIG. 15B] FIG. 15B is a schematic diagram showing a specific configuration
of a duplexer module.
[FIG. 15C] FIG. 15C is a schematic diagram showing a specific configuration
of a duplexer module.
30 [FIG. 16] FIG. 16 is a schematic diagram of a chip inductor.
[FIG. 17] FIG. 17 is an exploded perspective view showing a specific
configuration of a duplexer module.
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characteristics of the series resonator and the parallel resonator. A solid line in FIG.
10 1Cindicates frequency characteristics of a series resonator S shown in FIG. 1A. A
dashed line indicates frequency characteristics of a parallel resonator P shown in FIG.
1B.
[0012] As shown in FIG. 1C, the series resonator S has a resonance frequency f;s and
an antiresonance frequency f;s. The parallel resonator P has a resonance frequency
15 f and an antiresonance frequency fi,. Here, when the antiresonance frequency fa, of
the parallel resonator P and the resonance frequency fs of the series resonator S are
substantially equal to each other, and the series resonator S is disposed in a series arm
(a signal line that is connected between an input terminal Ti, and an output terminal
Tou) and the parallel resonator P is disposed in a parallel arm (a signal line that is
20  connected between the series arm and a ground) as shown in FIG. 2A, it is possible to
realize a filter having filter characteristics as shown in FIG. 2B.
[0013] As shown in FIG. 3A, 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. 2A are connected to each other in multiple stages (G1-G4).
25  Inthe ladder filter shown in FIG. 3A, series resonators S1-S4 each having a capacity
Cs are connected to the series arm, and parallel resonators P1—P4 each having a
capacity Cp are connected to the parallel arms. At this time, in order to prevent
reflections between the respective stages, the ladder circuits are connected in a
mirror-image form as shown in FIG. 3A. For example, a node between the series arm
30 and the parallel arm in the ladder circuit of the first stage G1 and a node between the
series arm and the parallel arm in the ladder circuit of the second stage G2 are
arranged next to each other. Further, the series resonator S2 in the second stage G2
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i £t er 1 hacepacinvely | cs showstiovfiG, ABFIQ sepies pesonators S2 and $3 in FIG. 3A can be
replaced by a series resonator S5 having a combined capacity Cs/2 that is a synthesis
capacity of the respective capacities Cs. Further, as shown in FIG. 3B, the parallel
resonators P1 and P2 in FIG. 3A can be replaced by a parallel resonator P5 having a
combined capacity 2Cp that is a synthesis capacity of the respective capacities Cp.

15  Moreover, as shown in FIG. 3B, the parallel resonators P3 and P4 in FIG. 3A can be
replaced by a parallel resonator P6 having a combined capacity 2Cp that is a synthesis
capacity of the respective capacities Cp.

[0015] FIG. 4A shows frequency characteristics of a series resonator (frequency
characteristic V1) and a parallel resonator (frequency characteristic Vpy) before

20  expanding a frequency difference therebetween. FIG. 4B shows attenuation
characteristics of a filter that includes resonators having the frequency characteristics
shown in FIG. 4A. FIG. 4C shows reflection characteristics of the filter that includes
resonators having the frequency characteristics shown in FIG. 4A. FIG. 4D shows
frequency characteristics of the series resonator and the parallel resonator after

25  expanding frequency differences between the resonance/antiresonance frequencies of
the series resonator and the resonance/antiresonance frequencies of the parallel
resonator, as compared with the frequency characteristics shown in FIG. 4A. FIG. 4E
shows attenuation characteristics of a filter that includes resonators having the
frequency characteristics shown in FIG. 4D. FIG. 4F shows reflection characteristics

30  of the filter that includes resonators having the frequency characteristics shown in FIG.
4D. FIG. 4G shows frequency characteristics of the series resonator and the parallel
resonator after shifting the resonance frequency of the series resonator and the
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30 inductances to the resonators, inductances are connected to the respective resonators.
Therefore, many inductances need be provided along with an increase in the number

of filter stages, which prevents a filter chip from being compact. By connecting
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ey S A SRR ROASDYY Pl DB b BERNF e wi

| 01120p0 ONagltirdddBance frequencies of the series resonators S1-S4. The inductance L11 is

)
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connected in series to the parallel resonator P11. By connecting the inductance L.11
1n series to the parallel resonator P11, a resonance frequency of the parallel resonator
P11 is adjusted to be lower than resonance frequencies of the parallel resonators
P1-P4. Areception filter 102 shown in FIG. 5B is an example in which the parallel
25  resonator P11 and the inductance L.11 are removed from the configuration of FIG. 5A
for comparison.
[0022] FIG. 6A shows frequency characteristics of the series resonators S1-S4 and
the parallel resonators P1-P4 in FIG. 5A, and frequency characteristics of the parallel
resonator P11 to which the inductance LL11 is connected. FIG. 6B shows attenuation
30  characteristics of a filter provided with resonators having characteristics shown in FIG.
6A. In FIG. 6A, characteristic Vsi is the frequency characteristics of the series
resonators S1—54. Characteristic Vpn is the frequency characteristics of the parallel



FIG 51k is a circuit diagramof a duplexes aanniin.g to :Exanple 1,
The dupl exer shown ill FIG 5A s provided with a transm ssion filter

1 and a mxrption filter 2. The transmssion filter 1 and the
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25  the inductance 111 can be set at 2.3 pF and 3 nH, respectively, and a resonance point

.1

and an antiresonance point of the parallel arm that connects the P11 and the L.11 in
series can be set at 0.511 and 1.033, respectively, at the normalized frequency. The
antiresonance point can coincide with antiresonance points of the series resonators
that constitute the filter, and the resonance point can be arranged at a frequency that
30 is sufficiently lower than the passband. Therefore, in the passband of the filter, the
parallel resonator P11 functions simply as a reactance element and functions merely

as an impedance matching element.



[0023] FIG. 7 shows pass characteristics of reception filters, In
FIG 7, a shad line indicates reception characteristics of the
recept|on filter 2 (Exanple) shown in FIG ti A" 15 A dashed |ine

i ndi cates reception characteristics of tlle nxxiption. filter (Exanple
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resonance frequency of tiw panillel resonator P11 is shifted Iy t

i nduct ance high frejserag\edge afjfdeysissartderfitbe titet salefinediby the)mntmesmme
10020i Ferthen in t present exanpl e, although thgeresonat ors are .
real i zed udFogeRsy pHEe resPatBde VRSP weT aptianss Searensy gamme the series
consi derati p e Gl

vave el enert PRI SR A B AR BBTH Bl Bk B e ror

can be adj ustie®r hiip&haeginigclanpidehdeto @indlle ahest sdjsktedlto be higher than
Transducer) electrothi. -Unlike the himtnak a: TX: US: I e MO 3ltztor,

t he resbonattbe @nwmﬂ@eameemmmgf thegesgriatordhdvank e lpwestiregdrpnge ﬁenuency
are not constrai b the us t of. 20 uenci es ,de din
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frequency of the parallel resonator P11 for impedance matching is made to coincide

30  with, or adjusted to be lower than the resonance frequency of the resonator having the
highest resonance frequency among the parallel resonators.
[0026] Further, in the present example, although the duplexer is used for description



for inmpedance matching is made to mtadde with, or adjusted to be
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exchanging transmission signals and reception signals. Although, in FIG. 8, the

duplexers are part of the duplexer bank module 203, they may be incorporated into the
25  amplifier module 204 or the switch module 202 to be formed into one module, for

example.

[0031] (Example 2)

FIG. 9A s a schematic diagram showing a specific configuration of a

transmission filter chip shown in FIG. 5A. FIG. 9B is a schematic diagram showing a
30  specific configuration of a reception filter chip shown in FIG. 5A. As shown in FIGS.

9A and 9B, the transmission filter and the reception filter included in the duplexer can

be formed as separate filter chips. Series resonators S21—524, parallel resonators



[ 00311 (Exanple 9A a sdatimatic diagram showi ng a

speci fic oanfiguration of a transmssion filter chip shown in FIG
SA, FIG 98 is a schematic diagramshowi ng a 30 specific imakunatioit
ma ne:intim filter chip shown ni 1dC. 82 As shown in FIGS.

andthe transm ssion filter and the reception filter included in the

t hi pl exer ga5n_pe,f.0 Bﬂ;’ﬁ
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i nf er: mo nuceptiahdilias chip(}ﬁﬂmelFIthBA,re gon@8d Mnt}i\ﬂieesahiea*eferenoe numerals
andi garation shown in FIG |'fB |nS|stenjti with the anfiguyration _shown
in FIG 5A25thee3nfTinofk wstgAn@kﬂjﬂ@m gwBtoRAleVRIRFLS OB PonsistgRpwith

121 can be 1 conponente or wiring on a
package or tég%'ﬁgagﬁié}?h&%%$| Iter chips shown in FIGS, 9A
and 913 carfob®]f ghEdSHYARRKIIR) (RN Rk REOUS LT ah @32M 25056 r&iliRd using
@mane substrate on [0033] The filter chips can be nalized using

sur f acd0ac eutirnel mwmhtmemvmn&ma pask@e&tr henedile sdbsigatam ‘Thehitayclkaps
transm ssion filt h I ng. suriace ustic .wave

el ement s ang‘P 2@@%’3%)8@8% ?‘ég n?@‘d%%ré—ﬁ?@ FYMaHT EeRRtggs on a
a recepti 3%;%1 eal i zed u5| ng surface acoustic wave el enents

as the reglc%rqiactl)lc}%gﬁb e2geesn| sonatiors S21.-S24, the paralKki

resonat ors [F233]- A%k fng chiie dafducbaned ubiddsiriek udedticivdWe@lements.  FIG.
transmission filter chip shown in FIG 10A are denoted with the sane

reli nai nd@é‘nala@h@nah@d@grmsh@zmm tragamssglomcﬁlbﬁetlcbln 1ealized using surface
config w t.h the

cont gﬂ?gt RS dompie s abe rbpafarS °tRie” BB ia &'shBkutinlis diagram showing
SK---StT t bier 18 Gler’ Cﬁ%‘pﬂ%%]%&lflr}%}%t uﬂﬂce &&ﬁsﬂl@gﬁ% é‘lggl% z tt%%%‘es&rﬁ%ors.

parall el reso or PI'T ance [.1.1 1nc

reception fiHdiieshégonstonB2lrSH, &dﬁ&aﬂébredﬁ@bm?mmwaﬂ thafiRductance
reference nunerals as these in FIG_5A,  so as to_nake

di rdi gur at ileft @ﬁb‘dﬁ inthE tomosisgendilier ehp ShpWﬁl ipddG. ﬂIpAlaﬁ%ld%ﬁqt@i'IWlth the

h i 25 FI The fil hi F
e Tor ey aiPhoe et At fhoR a1 A B g dpaks the PorHiipdighown
21.. 00841 ;F&s hoA lxﬁlélsgfeﬂt WHBRLhY E&YE Qﬁ%rpﬁl(ﬁvﬁﬁ?}?l@ I5A. C(F'I{Iﬂ%i'rﬁfe' Bfes

of a filmbulk aruutitic resonator1113 is a coossafictintal view
t aken al ongesodatoe SA—A4, the farallel késohators P1-P4, the inductances L.1-1.3, the parallel
resonator P11 and the inductance L11 included in the reception filter chip shown in
FIG. 10B are denoted with the same reference numerals as those 1n FIG. 5A, so as to
make the configuration shown in FIG. 10B consistent with the configuration shown in
25  FIG.5A. The filter chips shown in FIGS. 10A and 10B can be formed by wiring
aluminum (Al) on a piezoelectric substrate 21.
[0034] FIG. 11A s a plan view showing a specific configuration of a film bulk acoustic
resonator. FIG. 11B is a cross-sectional view taken along a hine A—A in FIG. 11A.
As shown in FIGS. 11A and 11B, the film bulk acoustic resonator includes a substrate
30 31, alower electrode 33 formed on the substrate 31, a piezoelectric film 34 formed on
the lower electrode 33, and an upper electrode 32 formed on the piezoelectric film 34.

In a region in the substrate 31 where the upper electrode 32 and the lower electrode 33



As shown in FIGS. 11Aandli 13, the filmbul k ai mustic resonator
includes: a substrate 30 31, a |lower electrode 33 terned on the
substrate 31, a pleztelixitric film31l farmed on the | ower el ectrode
33, and an upper electrode 32 firmed onlBhe pitiztelothric film 34.
In a 37egion in the sithstnto '31 whinie the upper electrode 32 and
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el ectrode 4B8modeiiapdwhithe Baci eldctiode 43.andoirduggieriedechodaed forsheg o A6
is a crosssectional._view of a. filmbulk atioustic reigi natoi in

whi ch t he vegelestricdilpndd.-r dpmegern indbe pebsiiabe 4 athere the wones glackode 42 and

bui |t anust,i 0 r pn._" u VQI- S :
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acoustic res@Rakefiors My b K@ bk cbAGidesndihensyiish tad ¢oid U5 idhot formed

upper electrode 52, the |lower electrode 53 and a pianxilectric54. Ka
12D i s 18 ensitheedistoraltl v the @in bulld dconstid tesawdusthioor esloltatl@B, but a void

e M
T

the refl ectlo@sr éledtiodeSS3 QD3 PiczbdEtribiAlamd. 185Gard scheidbs setidhaghensf a
showi ng specific configurations of duplexers. Since the filter claps

i ncl ude nmedHamb@hlacyusdicirgemaparingyhich reflecpen fibnabk arofopoed eaplachehthe void
DR IR G T ST e
oo o Sty By 1) il it 1S Shu Sl e
71, a recepléarodbicd] € picpedkage fifAH4 aidudantesiohlnies, 1,3, L11. L21
G mror  padRBgE- 701 RndSaised L aHbesa b AIERmUhOTINE EpE e e igurations of
di nkrmer pa : ;
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20  seal them hermetically. In the hermetically sealed configuration, the reception filter
chip and the transmission filter chip may be hermetically sealed separately, or
hermetically sealed together as a duplexer package. FIG. 13A shows a form in which
a transmission filter package 71, a reception filter package 72 and inductances L1, 1.2,
L3, L11, L21 are mounted on a substrate 70. FIG. 13B shows a form in which a
25  duplexer package 74 and the inductances L1, 1.2, 1.3, L.11, L.21 are mounted on the
substrate 70. The duplexer package 74 contains a transmission filter chip 75 and a
reception filter chip 76.
[0037] FIG. 14 is an exploded perspective view showing the duplexer package having
the hermetically sealed configuration. As shown in FIG. 14, in the duplexer package,
30 the transmission filter chip 75 and the reception filter chip 76 are mounted in a cavity
77a of a ceramic package 77 by flip chip bonding. By welding a substantially flat

metallic cap 78 to the ceramic package 77, the cavity 77a can be sealed.



(0037] :FIG 1.4 is an expl oded. perspective view show ng the

duph. mer package having the hernetically seal ed configuration_ As
shown in MG 11, in the dupl exer package, 30 the transm ssion filter
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[0042] FIG. 16 is a schematic diagram showing an exemplary embodiment of an

26  inductance. The inductance shown in FIG. 16 includes six inductances L.1-L3, L11,
L21, L22 that are made of chip inductors and formed on a substrate 83. Both ends of
the inductance i1 are connected to pads 84a and 84b. Both ends of the inductance L2
are connected to pads 84c and 84d. Both ends of the inductance L3 are connected to
pads 84¢e and 84f. Both ends of the inductance L.11 are connected to pads 84g and 84h.

30 Both ends of the inductance L21 are connected to pads 841 and 84j. Both ends of the
inductance 122 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.
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termed using tm[PT) integt' ated Passive Device) 85 :brined on the
substrate. Sine the. IPD includes m ghadiocal | y-wealt parts, it is
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outside. Further, in the transm ssion operation, the transm ssion

filter 10621Bcpdsssis the porsinteghadisndnt. aApsledet er F(hel®, A daglesat Y6 artides
anongi t ansm ssi on sign that are input fro e transm ssi )
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i nexpensi ve communi cati on nodul e havi ng wi deband characteristics
whi | e nai nttaiming 16owia opewen ampliffar e Eont.itharerepban 6iter be2a includes a

comuni,cat i nui dyl e shown in FlI .1 8. is tan exanple, and the sane
ef f ect ‘€an @Eﬁrmﬁ%ﬂé&éﬂlﬁﬁﬁ’éﬁegﬁ%&’ﬂ@&er according to the present
embodi ment [pg4AoURtied L @pBok SFERLE '%ceg@eféﬁlﬂwmw SRObRET sidild1Mn
100481 13, [tc):ongf]})gur at f%npo? nna u’ra11itHgat| n device). g%FI G 981%10\/\5 &
a RF bl ock:pretfi@enmbidddrgiieney batdhmahg asceptio xighhlsithat irenmnpat vatancmtenna
device that is provided with the filter accenting to the present

enbodi ment terminge 161 srsrrpiErisacEmmihe eerepenn faurals 160r eperlob fethe
ég r (r: ggg? In :,] 3)?1&%18? o d@l\]{ll'tﬁgr, ﬁlhﬁlmrzlu?sln%séi%n %p(rarr%te‘foln,e tHA124) esngigéigrll %ﬁler 162b passes
20  only signals in a predetermined frequency band among transmission 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.
[0046] By providing the communication module with the filter according to the
present embodiment, it is possible to realize a compact and inexpensive
25  communication module having wideband characteristics while maintaining low loss.
[0047] The configuration of the communication module shown in FIG. 18 is only an
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 form.
[0048] [3. Configuration of communication device]
30 FIG. 19 shows a RF block of a mobile phone terminal as an exemplary

communication device that is provided with the filter according to the present

embodiment or the aforementioned communication module. Further, the
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signals. The transmission signal output from the transmission filter 173b is output
25  via the antenna switching circuit 172 from the antenna 171 to the outside.

)

[0051] When the input reception signal corresponds to the GSM communication
system, the antenna switching circuit 172 selects one of the reception filters 177-180
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 177180 is output to an LSI 183. The LSI 183 performs decoding
to an audio signal based on the input reception signal, and controls the operations of
the respective parts in the mobile phone terminal. In the case of transmitting a
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frequencies of the other parallel resonators. Thereby, the passband of the filter can be
included between the resonance frequency and the antiresonance frequency of the
parallel resonator P11, which realizes a wider bandwidth while maintaining low loss.
[0054] Further, since an inductance need not be connected to each of the plurality of
20  the resonators provided in the filter, it is possible to realize a compact and inexpensive
filter.
[0055] The series resonators S1-S4 in the present embodiment are exemplary series
resonators of the present application. The parallel resonators P1—P4 in the present
embodiment are exemplary parallel resonators of the present application. The
25  inductance L11 in the present embodiment is an exemplary inductance of the present
application. The parallel resonator P11 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 application is useful for a filter, a duplexer, a communication

module and a communication device.



A filter, COW.riShlig: Olle or now series .ntsonatorsl One or nore
parall el resonators; and an inductance that is connected in tieries
to at | east one of the parallel resonatent, wherei n an

ant hesonane fhtquency of the parallel ré8senator to which the

i nductance is connected in series is equal to or higher than an
antiresonance .frequency at |east one of the t' \. resonators, 10

2, The filter according to claim1, wherein a resonance fittquency of
t he par al | @estapifrabfReft:@nvbNelndrb® | nduct ance i s connected in series
is shifted b &he i nductance so as to be equal to or lower than a
resonance ﬂ@&h?eaiﬁwmmnnaﬁoné@@r one of the other parallel resenaters,
g. The filter accqrding.t | aim 1" wherein when the plurality of

seri es resonator 1ﬁg§ng3§ ance frequencies different from each
other, the antiresqnangatds equency of the parallel resonator to which
t he inductance is connected in "series is equal to or higher than an
ant : resonance frédaendyctahcet he . S. erieS resonator haying the | owest
20 :es:mance frequency anong the plurality of series resonators.

The filter awarding to chain 2, wherein when the plurality of
paral l el resonators have reitonance frequencies different from each
ot her, the resonance frequency of the parallel resonator that is
shifted by the inductance is equal to or |lower 25 than a war: nane
fiequency of the pstralltd resonator having the highest resonance
frequency anong the plurality of parallel resonators”



b. The filter awarding to :Jain 1, wherein the parallel resonator to
whi ch the i nductance is atnnected ifi Seri:3S has the same film
am lauration and filmthickness as 30 those of the series tea-notors,
20 between the antiresenance |inquency dfld a resonance frequency of
the resonator to which the inductance is connected in series. A

dupl exer, conp _sing a transm ssion fibpﬁ@’l§”d a inception filnr,
wherein the lieceptio. flitto any one of clains 1. to 6. 8. A
comuni cat ilon nodufilert dabpiiioyi ded with a ffit. & the tiller
conpnsing: 10one or nore series resonators; one or nore parallel
resonators; and &feCnduet aeress ehEatds; connected in series to at | east

one of the nparallel wherein anur esonance frequency of the
paral | el resonat 8P PBWBW*’@E“}%{}%@{%H{}@ is connected in series is

equal tg or hi gh%ﬁxﬁﬁ&aﬁ&%ﬁéc%ﬁﬁ%@n{é&%%ﬁt’bﬁét&w%f'tﬁé‘ﬁ&mﬂl&? of

the series 9. Actimm mcation device that is provided with a filter,
the filter re@mmanesO> MOM series resonators; 20one or nore par aI | el
resonators; and an inductance that. is connected in series to

at iast one of tNE\PaNAT BNtiiesemge Gieguency of the parallel resonator to which the

inductance is connected in series is equal to or higher than an antiresonance frequency
of at least one of the series resonators.

10
2 The filter according to claim 1, wherein a resonance frequency 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 resonators.

3. 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 antiresonance frequency of the series resonator having the lowest

20  resonance frequency among the plurality of series resonators.

4, The filter according to claim 2, wherein when the plurality of parallel

resonators have resonance 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 resonance frequency of the parallel resonator having the highest resonance

frequency among the plurality of parallel resonators.

5. The filter according to claim 1, wherein the parallel resonator to which the
inductance is connected in series has the same film configuration and film thickness as

30 those of the series resonators.

6. The filter according to claim 1, wherein a passband of the filter is included



wherein an entire:* Siee frequency of the parallel resonator to whkth
t he inductance is connected in series is equal tear higher than an
antiresonance frequency of at | east one2(())f the series resonators.
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between the antiresonance frequency and a resonance frequency of the parallel

resonator to which the inductance is connected in series.

7. A duplexer, comprising:
a transmission filter; and
a reception filter,
wherein the reception filter is the filter according to any one of claims 1 to 6.

8. A communication module that is provided with a filter, the filter comprising:

one or more series resonators;

one or more parallel resonators; and

an inductance that is connected in series to at least one of the parallel
resonators,

wherein an antiresonance frequency of the parallel resonator to which the
inductance is connected in series is equal to or higher than an antiresonance frequency

of at least one of the series resonators.

9. A communication device that is provided with a filter, the filter comprising:

one or more series resonators;

one or more parallel resonators; and

an inductance that is connected in series to at least one of the parallel
resonators,

wherein an antiresonance frequency of the parallel resonator to which the
inductance is connected in series is equal to or higher than an antiresonance frequency

of at least one of the series resonators.



