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[0001] A certain aspect of the present invention relates to acoustic wave
devices and filters. Another aspect of the present invention relates to an
acoustic wave device including a piezoelectric thin-filmresonator and a
filer using such an acoustic wave device. Background [0002] An acoustic wave
devi ce using a piezoelectric thin-filmresonator is used as a filter

SPECIFICATION
TITLE OF THE INVENTION

ACOUSTIC WAVE DEVICE AND FILTER

Field
[0001] A certain aspect of the present invention relates to acoustic wave devices and filters.
Another aspect of the present invention relates to an acoustic wave device including a

piezoelectric thin-film resonator and a filer using such an acoustic wave device.

Background

[0002]  An acoustic wave device using a piezoelectric thin-film resonator is used as a filter
provided in wireless communication equipment. The piezoelectric thin-film resonator includes
a film buck acoustic resonator (FBAR) and is configured to have a piezoelectric thin-film having
opposite surfaces on which upper and lower electrodes are respectively provided. The
resonance frequency of the piezoelectric thin-film resonator depends on the thickness of a
portion in which the upper and lower electrodes face each other through the piezoelectric
thin-film.  Such a portion is referred to as a resonance portion. In a case where the upper and
lower electrodes are respectively made of different materials, the resonance frequency of the
resonance portion depends on the materials as well as the film thickness.

[0003]  Japanese Patent Application Publication No. 2002-335141 (Document 1) discloses an
art in which a mass loading film is formed in the resonance portion in order to change the
resonance frequency of the piezoelectric thin-film resonator. Documents 2 through 5 described

below disclose an art of forming an opening in the mass loading film in the resonance portion
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provided in wrel ess communi cati on equi pnent. The piezoelectric thin-film
resonator includes a filmbuck acoustic resonator (FBAR) and is configured
to have a piezoelectric thin-filmhaving opposite surfaces on which upper
and | ower el ectrodes are respectively provided. The resonance frequency of
the piezoelectric thin-fil mresonator depends on the thickness of a portion
in which the upper and | ower el ectrodes face each other through the

pi ezoel ectric thin-film Such a portion is referred to as a resonance
portion. In a case where the upper and | ower el ectrodes are respectively
made of different materials, the resonance frequency of the resonance
portion depends on the materials as well as the filmthickness.

[ 0003] J afhewementPat grahesdfPatencapplaatidGubhblicaddni¥o.4002-3 086573064 ddent Pogigment 1)
di scloses an art in which a mass loading filmis fornmed in the resonance
portion PaterniNde 6637868 Haswgmehhe Jeemesdrneat Apgiidaaos PulslfcatiGHENDI @008e8d4 i C
thin-filmresonator. Docunents 2 through 5 described bel ow di sclose an art
of f or m ang Ieovunieers: Ngeinatibiae PUBESEtdONE] 20 0f06h 19 N Jab@nersgpﬁaﬁ@ﬁdgn@mohl on
(Docunent 2: Japanese Patent Application Publication No. 2002-515667
Documnent Publicifich. N&20eT 538479 (D0bRES 6) Becluseah akd of Mﬂigeass@nﬁeaétﬁﬁéd mass
Application Publication No. 2008-172494, and Docunent I 'nt ernati onal

Publ i catlogfindNdlm Hﬂthelr&ﬁﬂé}ﬁ@bort@)ﬁpaﬂ@&ﬁdlﬁé‘i(ﬁﬂ)éaﬁ%@ mtrdugﬂ 6RHPkds6Rdcon No.
2007- 535279 (Docunent 6) discloses an art of formng a Stripe-shaped mass
| oadi ng frddubhdyls bdjasté® @ BAMGEsdaaiot.i on. According to Docunents 1 through 6,
the resonance frequency is adjusted for each resonator. [0004] According to

the art [dosql OMOﬂdmg%WISCl@SCH%DB&IFHéﬁ% I%deﬁﬂ)réjﬁgvfr%rﬁﬁéreﬁtﬁ

frequencies are realized by form ng mass |oading fil favi ng erent
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filmgrow ng process, a photolithography process and an etching process

mul ti pl EoidiR®EimsTdre form@ABY bEFsBing NeerBBES BRH Uf 0% ses
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i ncreases the spurious intensity, which |eads to a deteriorati
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resonance characteristic.
which leads to a deterioration of the resonance characteristic. ~As a result, the frequency

adjustable range becomes narrow.

SUMMARY OF THE INVENTION
[0005]  According to an aspect of the present invention, it is an object to suppress a
deterioration of the resonance characteristic.
[0006]  According to another aspect of the present invention, there is provided an acoustic
wave device including: a substrate; a piezoelectric film formed on the substrate; an lower
electrode provided on a first surface of the piezoelectric film; an upper electrode provided on a
second surface of the piezoelectric film opposite to the first surface; and a mass loading film

having a first pattern and a second pattern in a resonance portion in which the lower electrode



[ 0006] According to another aspect of the present invention, there is

provi ded an acoustic wave device including: a substrate; a piezoelectric
filmformed on the substrate; an |ower el ectrode provided on a first
surface of the piezoelectric film an upper el ectrode provided on a second
surface of the piezoelectric filmopposite to the first surface; and a nass
| oading filmhaving a first pattern and a second pattern in a resonance
portion in which the |lower electrode and the upper electrode face each

ot her through the piezoelectric film the first pattern having portions and
t he second pattern having portions interlinking the portions of the first
pattern. BRI EF DESCRI PTION OF THE DRAWNGS [0007]FIG 1 is a circuit

di agr amaad tie Uppeidgectiofp ercé dcheithier through thE plezoelddtrisiltn, Heafirstpatétndfavidg
pi ezoel ectric thin-filmresonator used in a first enbodinent, FIG 2B is a

Cr oss- sgoitionpahd thes¥¢oall patsR havihg parEoRahElinkagdhe Portibss df thefirsepdied. ment ,
and FIG 2C is a cross-sectional view of a parallel resonator used in the
first enmbodi nent; FIG 3Ais a plan view of an exenplary nass
loading film and FIG 3B is a cross-sectional view taken along a line A-A

in FIG 3A FI G 4ARIEF BEBCRIP MO0 THHDRAGYINGE Pl ary mass | oadi ng
film and FIG 4B is a cross-sectional viewtaken along a line AA-Ain FIG
4A; [0007] FIG. 1 is a circuit diagram of a ladder type filter;
FIG. 2Ais a plan view of a piezoelectric thin-film resonator used in a first embodiment,
FIG. 2B is a cross-sectional view of a series resonator used in the first embodiment, and FIG. 2C
is a cross-sectional view of a parallel resonator used in the first embodiment;
FIG. 3A is a plan view of an exemplary mass loading film, and FIG. 3B is a
cross-sectional view taken along a line A-A in FIG. 3A;
FIG. 4A is a plan view of another exemplary mass loading film, and FIG. 4B is a
cross-sectional view taken along a line A-A in FIG. 4A;
FIGs. 5A through 5D are plan views of exemplary first and second patterns;
FIGs. 6A through 6D are plan views of different exemplary first and second patterns;
FIG. 7 is a diagram of a pattern size L1/pattern pitch Lp associated with a coverage
ratio;
FIG. 8A is a plan view of a resonance portion employed in the first embodiment, and
FIG. 8B is a plan view of a resonance portion employed in a first comparative example;
FIGs. 9A and 9B are Smith charts of the reflection characteristics of resonators of the
first embodiment and the first comparative example, respectively;
FIGs. 10A and 10B are diagrams of pass characteristics of the resonators of the first

embodiment and the first comparative example, respectively;

FIGs. 11A through 11C are Smith charts of the reflection characteristics of resonators of



FI Gs. 5A through 5D are plan views of exenplary first and second patterns;
FI Gs. 6A through 6D are plan views of different exenplary first and second
patterns; FIG 7 is a diagramof a pattern size Ll/pattern pitch Lp
associated with a coverage ratio; FIG 8Ais a plan view of a
resonance portion enployed in the first enbodinent, and FIG 8B is a plan
view of a resonance portion enployed in a first conparative exanple;
FIGs. 9A and 9B are Smith charts of the reflection characteristics of
resonators of the first enbodi nent and the first conparative exanple,
respectively; FI Gs. 10A and 10B are di agrans of pass characteristics
of the resonators of the first enbodi nent and the first conparative
exanpl e,a firstsyzeiationef e filds embddimeint o segbnd ddinparativBrexirhplemwitashiod cdrhgarative
reflection characteristics of resonators of

example, respectively,

FIGs. 12A through 12C are diagrams of the pass characteristics of resonators of a first
variation of the first embodiment, the second comparative example, and the third comparative
example, respectively,

FIG. 13 is a diagram of relationships between the coverage ratios and the pattern
intervals Ls in the first variation of the first embodiment and the third comparative example;

FIGs. 14A and 14B are cross-sectional views of mass loading films of a second
embodiment;

FIG. 15A is a cross-sectional view of a series resonator of a third embodiment, and FIG.
15B is a cross-sectional view of a parallel resonator of the third embodiment;

FIG. 16 is a circuit diagram of an exemplary lattice type filter in accordance with a

fourth embodiment; and

FIG.17 is a block diagram of a fifth embodiment.

DETAILED DESCRIPTION
[0008] Embodiments of the invention are now described with reference to the accompanying
drawings.
First Embodiment
[0009]  First, a description is given of an exemplary ladder type filter using an acoustic wave
device in accordance with a first embodiment. FIG. 1 is a circuit diagram of such a ladder type
filter. Referring to FIG. 1, a ladder type filter 100 is composed of series resonators S1 ~ S4 and

parallel resonators P1 ~P3.  The series resonators S1 ~ S4 are connected in series with each



a first variation of the first enbodi nent, a second conparative exanpl e,
and a third conparative exanple, respectively, FI Gs. 12A through
12C are diagranms of the pass characteristics of resonators of a first
variation of the first enbodi nent, the second conparative exanple, and the
third conparative exanple, respectively, FIG 13 is a diagram of

rel ati onshi ps between the coverage ratios and the pattern intervals Ls in
the first variation of the first enbodi nent and the third conparative
exanpl e; FI Gs. 14A and 14B are cross-sectional views of mass

| oading filnms of a second enbodi nent; FIG 15A is a cross-sectional
view of a series resonator of a third enbodinent, and FIG 15B is a

Cr 0Ss- settet betakenarempafougpyp araliinablT 1 mebaniaporoudfut tdimitahT2.d Endyeekiliebnt ;

FIG 16 is a circuit diagramof an exenplary lattice type filter in

accor dafgenabisiP1a- Pate tbnreoleoth paeale] wathdtadl éhdribetSec thd @pht/ it teaminals a

fifth enbodi ment. DETAI LED DESCRI PTI ON
T1 and T2.
[0010] FIG. 2A s a plan view of a piezoelectric thin-film resonator in accordance with the
first embodiment, FIG. 2B is a cross-sectional view taken along a line A-A in FIG. 2A in which
the piezoelectric thin-film resonator is a series resonator S, and FIG. 2C is a cross-sectional view
taken along the line A-A in which the resonator in FIG. 2A is a parallel resonator P. Referring
to FIGs. 2A and 2B, the series resonator S is configured as follows. A lower electrode 12 is
provided on a substrate 10 made of, for example, silicon, so that a cavity 30 shaped into a dome
can be defined between the lower electrode 12 and a flat surface of the substrate 10. The
dome-shaped cavity 30 defines a dome-shaped portion of the lower electrode 12. The
dome-shaped cavity 30 has a relatively small height in the periphery and has an increasing height
towards the center. The lower electrode 12 may include a chromium (Cr) layer and a ruthenium
(Ru) layer provided on the Cr layer.
[0011] A piezoelectric film 14 is provided on the lower electrode 12. The piezoelectric film
14 may be made of aluminum nitride (AIN) having the main axis in the (002) direction. An
upper electrode 16 is provided on the piezoelectric film 14 so as to have an area in which the
upper electrode 16 faces the lower electrode 12 through the piezoelectric film 14. The above
area is defined as a resonance portion 50. The upper electrode 16 may have a Ru layer 16a and
a Cr layer 16b formed on the Ru layer. As described above, the piezoelectric film 14 is
provided on the substrate 10, and is sandwiched between the lower electrode 12 and the upper

electrode 16, which have portions that overlap each other through the piezoelectric film 14.

[0012] A mass loading film 28, which may be a titanium (Ti) layer, for example, is provided



[ 0008] Enbodi nents of the invention are now described wth reference to the
acconpanyi ng drawi ngs. First Enbodi nent [0009] First, a description is given
of an exenplary | adder type filter using an acoustic wave device in
accordance with a first enbodinent. FIG 1 is a circuit diagramof such a

| adder type filter. Referring to FIG 1, a |adder type filter 100 is
conposed of series resonators S1 - S4 and parallel resonators P1 - P3. The
series resonators S1 - S4 are connected in series with each other between
an input/output termnal T1 and an input/output termnal T2. The parallel
resonators P1 - P3 are connected in parallel with each other between the

i nput/output termnals Ti and T2. [0010]FIG 2A is a plan view of a

pi ezoel eatthid gppehtlacttdde M6 aas rlatLd intharsamataoetiod 300 tAgliddnrsideditmadi ment ,
FIG 2B is a cross-sectional viewtaken along a line AA-Ain FIG 2A in which

the pi ezpelieat bd £irbdlieRcy ddjuRhas eatoal od ﬁle@Fp@reiee&odeemttmm&s |edshgHilta 2C
is a cross-sectional view taken along the [ine A-Ain which the resonator

in FIG 22A iASm@lti[hgé@B igh 18 SRR @fe 16verR@éBoné MY thdpibtdekectrRAilaNd, #Buppdie

series resonator is configured as follows. A lower electrode 12 is

provi dedjftode H6IRSt haxk SoalithgMRE20dnd tﬁ@frecﬁﬁéﬁéﬁ)&dﬁmt@éﬂtiﬁ%m. so that a cavity
30 shaped into a done can be defined between the | ower electrode 12 and a

flat sunbeee ofntikeodlst ;semls 83 &8d [FN&cHRIR s REB&MagRVE fo¥mPindRS IR a

done- shaped portion of the | ower electrode 12. The
electrode 12. The sacrificed layer is a layer for forming the cavity 30. Ends of the

introduction path 33 are not covered with the piezoelectric film 14. The lower electrodé 12 has
holes 35 at the ends of the introduction path 33.  As illustrated in FIGs. 2A and 2B, an opening
36 for making an electric connection with the lower electrode 12 is formed in the piezoelectric
film 14.

[0014] Referring to FIGs. 2A and 2C, the parallel resonator P is configured as follows. The
parallel resonator P differs from the series resonator S in that the parallel resonator P has a mass
loading film 20 made of Ti, for example, is provided between the Ru layer 16a and the Cr layer
16b. Thus, the multilayered film 18 of the parallel resonator P includes the mass loading film
20 in the resonance portion 50 in addition to the stacked layers of the series resonator S.  The
other structures of the parallel resonator P are the same as those of the series resonator S
illustrated in FIG. 2B, and a description thereof is omitted here.

[0015] InFIGs. 2B and 2C, the mass loading film 28 is formed between the upper electrode
16 and the frequency adjustment film 24. As another example, the mass loading film 28 may
be formed within the multilayered film 18 in the resonance portion 50. For example, the mass
loading film 28 may be formed on the frequency adjustment film 24. The upper electrode 16
may be formed by a plurality of layers, and the mass loading film 28 may be formed between

adjacent ones of the plurality of layers. The mass loading film 28 may be formed between the



donme-shaped cavity 30 has a relatively small height in the periphery and
has an increasing height towards the center. The |lower el ectrode 12 may
include a chromum (Cr) layer and a ruthenium (Ru) |ayer provided on the Cr
| ayer. [0011] A piezoelectric film14 is provided on the |ower el ectrode 12.
The piezoelectric film 14 may be made of alum numnitride (AIN) having the
main axis in the (002) direction. An upper electrode 16 is provided on the
pi ezoelectric film 14 so as to have an area in which the upper el ectrode 16
faces the | ower electrode 12 through the piezoelectric film14. The above
area is defined as a resonance portion 50. The upper el ectrode 16 nmay have
a Ru layer 16a and a C layer 16b formed on the Ru |layer. As described

above, hﬂ%@oe‘l’éc@fl@ﬁﬂnﬁm £idahé bpper SlctrSdenoOV iTHE thaslohdigg BlDSS may e Idmednd i s
sandwi ched between the | ower electrode 12 and the upper el ectrode 16, which

have popid.eEsink Mer%y&frb@eol XA ObiREseIdcticouan 4 herhpil@r@eleebdd © hiy be 14.
[0012] A mass loading film 28, which may be a titanium (Ti) layer, for

exanpl €gydd Bg Qy&#ﬁﬁy of)layérb Sl RIREN a8 84O PmayBe fosmbdbeivech ddjuckite
resonance por A Silicon oxide filmis provided, as a frequency

adj ust I”?ﬁ'és off'tﬂe'%lgr%hty%f 1dyRR. UTRE Mald l%ﬁ(ﬁlﬁgﬁﬁn 38 np Be ibiheaBERW tRatbweg fil m 28.

A multilayered I m™18 I"'ncl udes the |lower electirode 12, the piezoelectric
film14,.theupper el ectrode 16, the nass | oading film 28 and the frequency
adjustnent I°l'm 24. [ 0013] An introduction path 33 used for etching a
sacrifi W 1ayﬁ1ra daSe thefe éjplktfbeielaﬁlc tﬂﬁ\feﬁ rxﬁleg‘&{afo?ﬂgs diesonbli€e S@fkhdy sred | ayer
is ala or formng the cavity 30. Ends of the introduction path 33 are
not cov Wikt th? L2 étﬁrl& Qb fehikk ahds

hol es 3 }Flg Vglérha eggncg ‘é%ﬁ% ?1{0?0 &%t%ron pg T ar é@% ¢ lgstrat ed il’? Fl Gs.
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the Ru layer 16a is 250 nm thick, the Cr layer 16b is 20 nm thick, and the mass loading film 28
formed by the Ti layer is 25 nm thick. The mass loading film 20 formed by the Ti layer is 125
nm thick. The thickness of each of the above layers may be selected to obtain a desired
resonance frequency.

[0017] Besides Cr and Ru, the lower electrode 12 and the upper electrode 16 may be formed
by a metal film of aluminum (Al), copper (Cu), molybdenum (Mo), tungsten (W), tantalum (Ta),
platinum (Pt), rhodium (Rh) or iridium (Ir), or a composite film thereof. The mass loading
films 20 and 28 are not limited to Ti, but may be formed by a metal film of Ru, Cr, Al, Cu, Mo,
W, Ta, Pt, Rh or Ir, or a composite ﬁlm thereof. Further, the mass loading films 20 and 28 may
be an insulation film such as a metal nitride such as silicon nitride or a metal oxide such as
silicon oxide. For the purpose of reducing the resistance, metal films are preferably used to
form the mass loading films 20 and 28 in a case where the mass loading films 20 and 28 are
provided between the adjacent layers of the lower electrode 12, between those of the upper

electrode 16, between the lower electrode 12 and the piezoelectric film 14, or between the

piezoelectric film 14 and the upper electrode 16.



[0014] Referring to FIGs. 2A and 2C the parallel resonator Pis configured
as follows. The parallel resonator P differs fromthe series resonator S in
that the parallel resonator P has a nmass |oading film20 made of Ti, for
exanple, is provided between the Ru | ayer 16a and the C |ayer 16b. Thus,
the multilayered film 18 of the parallel resonator P includes the nass '
| oading film20 in the resonance portion 50 in addition to the stacked

| ayers of the series resonator S. The other structures of the parallel
resonator P are the sane as those of the series resonator Sillustrated in
FIG 2B, and a description thereof is omtted here. [0015] In FIGs. 2B and
2C, the mass loading film28 is fornmed between the upper el ectrode 16 and
the frefoadty B wbstrareto FsinonliRited Wwshasiticdresubsixampphtenayttea siims substratti ng fi |l m
28 may be formed within the nmultilayered film18 in the resonance portion
50. For gkxasgbkteate tchmniasbsiraadi 6aA§ subsira8. nilye pezoelzcmiedilon 4tiheotflinatpdency
adjustnent film24. The upper electrode 16 nay be forned by a plurality of

| ayer s, AdNGut ey basadé ofdhaexidé (2m03 Jeabyirdoaatt dtaned (PET wedecadayracent ones of
the plurality of layers. The mass loading film28 may be fornmed between the
pi ezoel gedTiOe). fil m 14 and the upper el ectrode 16. The nmass loading film 28
may be fornmed between the | ower el ectrode 12 and the piezoelectric film 14.
The | owggo18] ecThoReeddedtiye e, thepikestidyriafipt W,ahd dppenéledtdyen § andthd nidde mass
| oading film 28 may be fornmed between adjacent ones of the plurality of

| ayers. |ddage MRS 20284 8 thals bk foraRd Bayplerihg bidetckieg OVTlidafitourfilek art r ode

12. [0016]In a case there the piezoe?ectric thin-filmresonator has a

I esonanggimied ety Aasived@hapes %hotbh@o@épﬁyae)tﬂret@mfg. t e Rimd Ayebe imedBy | over
el ectrode 12 are respectively 100 nmthick and 200 nmthick, and the

pi ezoel @epdsitfonfant Mebe. T WHEEthdultingerdt Ridhagaas b Sorhpltsisistieky, te. Furt her,
the Ru layer 16a is 250 nmthick, the C layer 16b is 20 nmthick, and the
nass |Oagh@ghgkhmha%ﬁﬂgkﬂ%gd@ﬂn&he Ti layer is 25 nmthick. The mass

|l oading film20 fornmed by the Ti layer is 125 nmthick. The thickness of

each of [§dv®]abpne 3hay2pln VR beansfbBplaptsthRiuebbfthd masdesdifieHint £5naFNE
frequency. EOOl?] Besides & and Ru, the |l ower electrode 12 and the upper

el ectr odg 18 cPRY-s@iohaViReAERYn Aofel Bhe AlA M G, 34 UNREMNEAD FIGSC9RRAE 3BLY) ,
nol ybdenum (M), tungsten (W, tantalum (Ta), platinum (Pt), rhodium (Rh)

or iri digWnbdsidadi fileh PORRATirkattbdnBotAaneedond PageriBE $n the@ckonghct ipbin20 and
28 are not limted to Ti, but may be forned by a netal filmof Ru, C, A,

Cu, M, s Tae réRbnanBp&Hioh 50 ha¥ aneliGRORABHage.f | THE firhigragerh 32f4 baiRin of dies MaSS
| oading filnms 20 and %8 may be an insulation filmsuch as a nmetal nitride

such as ,8ahddQBoulrly drdRriOdicAlyTErRE sed¥hdlattue B4 A% paltbinGBrridthaEnteitik thoie
pur pose of rteducing the resistance, netal filns are preferably used to form

the massgotQAdhdSrsf pdtidh 20 amd dé8 o heirSE@e B Bayt e ARASulhOAGHd) dnd ihems 20

and 28 are provided between the adjacent |ayers of the |ower electrode 12,
bet ween ,0§ehekedoh® Fh@?@% §1a§ RhVeOHRd LRapeb e e 8t oh i BatteVBY intrBRsItREIBsE 2 and

the piezoelectric film1l4, or between the piezoelectric film14 and the

upper el 86tha96n 48igzag manner. The first pattern 32 and the second pattern 34 in FIGs. 3A and
3B are formed from the mass loading film 28. It is assumed that L1 is the size of each dot of
the first pattern 32, Ls is the interval or space between the adjacent dots of the first pattern 28, Lp
is the pitch of the first pattern 32, and W is the width of each rod of the second pattern 34. The
size L1 of the first pattern 32 is greater than the width W of the second pattern 34. A coverage

ratio is defined as a ratio of the area of the mass loading film 28 to that of the resonance portion

50.



[ 0018] The substrate 10 is not limted to the silicon substrate but may be a
silica substrate, glass substrate, ceram c substrate or GaAs substrate The
pi ezoelectric film14 is not limted to AIN but may be nade of zinc oxide
(ZnO, lead zirconate titanate (PZT) or lead titanate (PbTi G3). [0019] The

| ower el ectrode 12, the piezoelectric film 14, the upper electrode 16 and
the mass loading filns 20 and 28 may be fornmed by sputtering and etching.
Thereafter, the filns are fornmed into desired shapes by photolithography
and etching. The filns nmay be fornmed by deposition and liftoff. Wen the
mul tilayered film 18 has a conpression stress, the done-shaped cavity 30
can be defined. [0020] FIG 3A is a plan view of an exenplary structure of
t he masg$0024dadi REG. #lisra pBin vievdoFanGheB&anpl@ofthossssseatingial 28;iardF1@KBNs al ong
aline AAin FIG 3A Referring to FIGs. 3A and 3B, the mass loading film
28 has a drosssectipatldew tak2n alodg a linesandth Pl ¢ &r nR3&rring tb FEGY. dAandABethpor t i on
50. The resonance portion 50 has an ellipsoidal shape. The first pattern 32
i s a paftfir@rpattérh 3dahd tarscedhdedttera@dlags foymed intae reschianad portionTse Skhedinst pattern
34 is a pattern of arnms that interlink the dots of the first pattern 32.
The dot paférnt3nés 4 pattin pBddteirfanged fgylatlaV eThe setondpaaérm SAapepat@tththe ar ns of
the second pattern 34 may have a rod shape. The second pattern 34

i nterl i niggriinketheidosstofpiad firef phttdeh 320 The isgsvad phetn 84 intdrtigks the Bist patetre3 Nin32
and the second pattern 34 in FIGs. 3A and 3B are fornmed fromthe mass

| oadi ng afﬂiéja% Athnndr!  The AKSpaReh 3D@aid thd sdcBnd P@tesn 2£00FIGe AMarlidB & phtt@nd i r St
pattern 32, Ls is the interval or space between the adjacent dots of the

first pafetigédbyiblesfrmdd ke Rhistbaddg fIRE28.1 rEat RAtht €ikdd pdtbin 3DshdAhe Sedohié
wi dth of each rod of the second pattern 34. The size Li of the first

pattern p3dednS49h ERGLUAtRABB!HACE %@lﬁﬂefﬁéﬁkﬁ?h’eﬁti&%ﬁw tiat HEFIGs 3 afil IRV Er age
ratio is defined as a ratio of the area of the mass loading film28 to that

of the negseBaRfa tRATHIiOMe3Me of ERAZbL oﬁh@ﬁﬂs{\&t&rﬁmlms e Ge10h] RAMSRAGRe
exanple of the mass loading film 28, and FlI 4B is a cross-sectional view

t aken al@Rged dots th fksd Phetkin@8, #Ais tREbREN dfMfle Fifdt pAtfedn 328 And@Mdis 4R widaeof i r st

pattern 32 and the second pattern 34 are fornmed In the resonance portion

50. The chiff &d A REShdIAtkH 3. Paht SLOLObf BRtFstdaftanBeds srogtbl tBsd the willd
second pattern 34 is a pattern that interlinks the dots of the first

pat tern Was thhecsiRGAREmBattern 34 interlinks the first pattern 32 in a
zigzag manner. The first pattern 32 and the second pattern 34 of FIGs. 4A

%, e ps e b epa metmiobant i, oeescfoadhia .
have a CQARLOAEBPLAHs SLARLIONINFRG BR, IHRARS Jaflern!38has Siftud?WoRB. The second
pattern 34 interlinks the dots of the first pattern 32 on the long axis of the ellipsoidal resonance
portion 50. The dots of the first pattern 32 are interlinked in the short-axis direction by the
second pattern 34. In FIG. 5B, the first pattern 32 has rectangular dots. The second pattern 34
interlinks the dots of the first pattern 32 on the short axis of the ellipsoidal resonance portion 50.
The dots of the first pattern 32 are interlinked in the long-axis direction by the second pattern 34.
In FIG. 5C, the first pattern 32 has hexagonal dots. The second pattern 34 interlinks the dots of
the first pattern 32 obliquely with respect to the short-axis and long-axis directions. The dots of

the first pattern 32 are interlinked in the short-axis and long-axis directions by the second pattern

34starting from the dots interlinked obliquely. In FIG. 5D, the first pattern 32 has circular dots.



It is assuned that LI is the size of each dot of the first pattern 32, Ls
is the interval between the adjacent dots of the first pattern 28, Lp is
the pitch of the first pattern 32, and Wis the width of each rod of the
second pattern 34. The size L1 of the first pattern 32 is greater than the
wi dth Wof the second pattern 34. [0022] FIGs. 5A through 5D and FI Gs. 6A
t hrough 6D are plan views of exanples of the first and second patterns 32
and 34. In FIG5A, the first pattern 32 has circular dots. The second
pattern 34 interlinks the dots of the first pattern 32 on the |long axis of
the ellipsoidal resonance portion 50. The dots of the first pattern 32 are
interlinked in the short-axis direction by the second pattern 34. In FIG
5B, t he Thierssdonp attten A4 dRedhiaks the dbiand thedirstdatian 3Zha tbelbogandsbitaxes @4he
interlinks the dots of the first pattern 32 on the short axis of the

el | i psoietisoidelsesvmane goatidn 300 Jhe ddRf cetfFstqfattbdnes 2fare Siterlirddet @1 the SRoratds
interlinked in the long-axis direction by the second pattern 34. In FIG
5C, the ahil 1&ig-Rai dittionddyhRssdiexagnRal 3404irsing ibe thedan on Patlémy dand 3Hort
interlinks the dots of the first pattern 32 obliquely with respect to the
short - axikss @be LIHPPidX kSottincepbrtions0. The dots of the first pattern 32 are
interlinked in the short-axis and |long-axis directions by the second

patt ern (@} ar I PG 6A Ofke Fiae pe@drs 32 RbLkibhaiHadioad| Ththelupperlhaifiof e r&onariche
first pattern 32 has circular dots. The second pattern 34 interlinks the

dots of ﬁo%n@()_[&fes@@inﬁ?ﬁﬂerﬁ%4%eﬂi'ﬂﬁs {heagtsdT eheSioN fattarne iR thellbigy-gtid | psoi dal
resonance portion 50. The dots of the first pattern 32 are interlinked in

the shordiregitdrS M ehe!IONE-1RX oF thH feSHhh@Portdh 40) theSBEMADaRerh BRikterdikSthar t i ng
fromthe dots on the long and short axes of the ellipsoidal resonance

portion fae oftROR:3] pdtefr 32 BAne §H-dxid ditech@t.t GhFIGIB) @k sebdndatéan4das e | N

t he upper half of the resonance portion 50, the second pattern 34

interlinksethged9tm A FIGNSAT | HstveRALthEpdbitRrhsion tHeliRtd STk @i Satteinr Ct i on. I n
the lower half of the resonance portion 50, the second pattern 34

i nter | i nkarmble G0k Folftht BRohd patlerP¥ fBhE103S-akI} dild€HicNOMA FRX 66, fkiegtion. In
FI G 6B, the sécond pattern 34 has the sane shape as that in FiG bBA.

However o B8 393k tHeQBSe Shape RS 1O InSFIOf 518 hepbhvevt, tRabds@idhs 32thekéRha ?a@ény
shift fromthe second pattern 34 in the long-axis direction. In FIG 6C,

the fir sy PRERIYsHR il@8 shdRaid AReFHAPEIASG B! the Becbhdpatkhh 34 R\WRVRe akhe
positions of the second pattern 34 alternately shift in the short-axis

di recti QR ih PIGB&, afkDhe G paR&GANY nRAlE@hfIIAS ARISRIRA 88oven@E ik FI G
3A, and the first pattern 52 has rectangul ar dots. As descri bed above, the

firSt Paki@hadfay e BRNSIRy ! | PhoscBbiRNRuiaThe SOCANE) RACANR dadrs

required to interlink the f the first pattern n FI Gs. 3A through

6D, eac rb:}:gﬁe filepRRALTI RAFIGL B t%u'%mslg,réamksﬁme bcohl §aiohs3 Otk itks il

IS
pattern However, the second pattern 34 may be varied so as not to

interli oSOk ARL g?tggn %jﬁ.e Hdwaler, PR 88U p3ftern H2EmEy besbarR@td &Y At Rintedlidiot

limted to the reg ot arrangenents but nmay hdve an irregul ar

arrange%gﬁe d?ﬁse(ﬁtﬁ@fﬁqpé;&t@ﬁ{ﬁ‘g g‘frst IR&n 30 iShot It tH 1RZeh et |imted to

t he dots sane shape and 't sane size but nmay have dots having

differ ergrrafl it 6%s R M9 hatll 4 ﬁlre%ﬁ.%li %lr%%?meryl')? g‘é’érﬁl&ﬁéﬁaﬂ%&iﬁ \2 S@‘Iﬁaf ¢ pattern

34 is not ted to the sane may ere or erent

dots. [ %%gté E5) i?h@lin&%@){t&%@&ﬂpoiﬁ&f %lg@sh% Ié«fd ngﬂ%%rﬁ%é]zeg&t mg habeed(ﬁgcond

pattern are forme e nmass i ng y way of anot her

exanpl e, haR/n% difr:&he sH:?Bets ShdlordieBf 558, SeEORRith W of the second pattern 34 is not

limited to the same width but may be different for different dots.
[0024] In FIGs. 5A through 6D, the first pattern 32 and the second pattern 34 are formed by

the mass loading film 28. By way of another example, the first pattern 32 and the second
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pattern 34 may be patterns having openings formed on the mass |oading film
28. [0025] A further description is now given of a case where the first
pattern 32 is formed by the mass loading film28 as illustrated in FIG 3A,
and a case where the first pattern 32 is formed by the mass | oading film 28
having the holes as illustrated in FIG4A FIG 7 illustrates a ratio LI/Lp
associated with the coverage ratio where LI is the pattern size of the
first pattern 32 and Lp is the pitch of the first pattern 32. In both the
cases, the second pattern 34 is not formed. The first pattern 32 has a
square shape. Wiile the pattern pitch Lp is kept constant, and the pattern
size LI is varied and the ratio L1/Lp is calculated in association with the

cover aggafidh B9 mah be Phtteind havehd (?féi‘lﬁlgﬁ fembdien thessaswvadimgtfive 28i r st pattern 32
is formed by the maSs loading film28. A broken line indicates the case

wher et hgyolsh I SA rRiet 8EerigRor & nb@rdiRsh dT% chftowiiens thelfpadiangn B2 ligfodBediawihag t he

holes wth a coverage ratio of 50% or higher. As indicated by the solid

line in ELG,ading GG 28k liRistrhtbd r FIGCE 828R @Se Whére R\VREGGReB2i iofdrned Bpses.
As the pattern %IZE L1 becones |arger, the pattern interval Ls becones

smal | er T, kg’loi?ﬁng%ﬁmvmg thé GoIkS adiQudiRidd ih FeG. A SFIQAT HlREtRatSd rafr®r
exanpl e, en the coverage ratio is equal to or higher than 50% the first

pattern Lj ;/a'ssts%cgitwgﬂﬂletc'ageﬂgéﬁtib Qadid0 KichdBadBrn e dTghd fret fieks32 aad

i ndi cate roken line. Therefore, it becones easy to formthe first

patter n'{.%és ﬁ% th?f;f ogﬁ% Firdt QARG 2! 1 B AB tHeQhseB, the SRoRPYAIRTS Isdlot Prav@r S0%

[ 0026] 'an“view of a resonator actually manufactured in

accor dange L8 bt Lo ERPGGLICIEME ik pfEh L kel @sihieMhdhe

r esonat or y ‘manufactured 1 n accordance with a first conparative

examl e .| grﬁd%{{eim% bidilat A8 LI AR IDAE KRR AR i2fon i BEcOlckdgBsiodal

shape hd\ a long-axis leng m and a short-axis length of 176 m

The fi Ny - o .
e S/% Iscﬁ%l&w%rxﬂdléa%esgcﬂg 45 ﬁv&%ﬁe&?@ﬁﬁs’g B%,ttce‘?ﬁ ) Boh& Raht flaBSlofing hfﬁn g@ss

| oadi ng avi n e Irst pattern"32 has dots o

i | h . The. i f F I d
Che. pat rPRREF o PR ECAAUAGE el okl 301t RhmycB BY LSS Toatihe TIPS "%,
is 1.5 ym . T 0 SR NAs b -
por t1 on By fEKHRAEE B rife B3, BERBRE P HRUAAES by o T T
the fir Sté? ?a%%qg%elgﬂére?sgggs{ 'erciﬁ%rg%t xétt?é] fhcc): '?éﬁs AQhd Wﬁ\%ii@%l abMed lgﬁgr,u

second p ern or ned. e second pattern 34 is

and the Coverage 1 alirQ oSort@%hRfich N 1h€ i026mEY ditRidth Esthn REBATHARR 32,

m

For example, when the coverage ratio is equal to or higher than 50%, the first pattern 32is
formed by the mass loading film 28 having the holes, as indicated by the broken line.
Therefore, it becomes easy to form the first pattern 32 of the mass loading film 28 for a high
coverage ratio over 50%.

[0026] FIG. 8A is a plan view of a resonator actually manufactured in accordance with the
first embodiment, and FIG. 8B is a plan view of resonator actually manufactured in accordance
with a first comparative example. Referring to FIG. 8A, a resonance portion 50 has an
ellipsoidal shape having a long-axis length of 247 pm and a short-axis length of 176 ym. The
first pattern 32 and the second pattern 34 are patterns of the mass loading film 28 having the

holes. The first pattern 32 has dots of a circular shape. The pattern pitch Lp of the first
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[0027] FIGO9A is a Smith chart of a reflection characteristic of the
resonator of the first enbodinent, and FIG 9B is a Smth chart of a
reflection characteristic of the resonator of the first conparative
exanple. FIG 10A is a diagramof a pass characteristic of the resonator of
the first enbodinment, and FIG 10B is a diagram of a pass characteristic of
the resonator of the first conparative exanple. In FIGs. 9A through 10B
data neasured at different position on the sane substrate are overwitten
in order to see differences on the substrate. In both the first enbodi nent
and the first conparative exanple, a spurious conponent 40 is observed at a
frequency of around 1877 MHz. The spurious conponent 40 observed in the

first ephagdho®n7 v, saehé plitchisite Lhederdofi i hi@ il r The oddthaY of the seconanpl .  The
first enbodi ment has fine spurious conponents 42 in the range of of 1880

MHz to 1960, Nhizs 1 WhiCh TRE @owdild Btio 1sh5aMk. t Iag@rihgitd 6. §B.Ithé recammped pdriivie
exanpl e. The first enbodi nent has suppressed spurious conponents, as

conpar e?_() b it st dofrPhrafiORBANE N& (RX MM Kze dsQ:2 8 Aelfiegembbdiinenn atedirsdance
with a first variation of the first enbodinment is described. In the present

resonat gﬁtter Re ;% di 3L RABE Snl ihetéaé‘onfdicjfaﬁémmti& fRiMed?2 BRdvidieofapeashdat t ern

34 are as Illustrated in Fl 5D, and the first pattern 32 and the second

pattern géé‘erﬁ@@,ii 28%@9 B tHeRE VAR S i@ RH0ad ihthe R8e bRk Agst bABodiRkess. The

resonance portion has an el |7 psoi dal shape having a | ong-axis | ength of

247 um s b 8y - Rriftid SHthdRbSRER oBthelfag t he
circul amg?s. P%?ﬁﬁ%?‘gﬁtﬁr‘l’g?’?gﬁg ie%l%gt%d?{ﬁﬁgfﬁl?i ?stt pz;t tern 320i S e7 um and

the 1pgt %ﬁ{%ﬁd%&\ﬁ ahll F165. BB i€ Q'Snith, chard OgQ}ﬁﬂ-E@@oﬁ’\&QFa‘Eteﬂéﬁﬁ ofttherss@meidraRt t ern

IS e ‘coverage ratio 1s 80% In a second conparative exanple, the

second Rﬁ'gttc%ﬁ%%%ﬂg% %(a?r[?rl@n%@. A RS (ﬁ&ngrérﬁ bffh bAl8 cBARRemAL LETHR réonkhldRbf BE t he

first variati e first patterm 32 is not formed. The width Wof the

second étte%{b%d%enit Sané FIGUYBB ik ] dfaéa!nﬁ# {)ﬁae GRIDRRAkEc SKRBRIsEnatbl Y thd fisi

pattern I's arrarnged so as to sane pattern as that of the first

vari ati %rc]){né)gﬁq§é Q}?&gﬁ%@ gqg rl%ﬁﬁérb%tﬂro% h 1168 Wita hefsURM at a-llﬂ%]rce%{ ittdn gfthé he

first pattern he resdnance portions 50 of the second and

third i : i i )
Va'r { o F%%B%%S%%r\é%fa?%ﬁ%ﬁ%%%ﬁﬁgdn%&g ABereh&S oft the sh_a;tra@a‘.f mﬁotfn:ctﬁ§ﬁrst

e coverage ratios of the first

o) R SEOR A AP RS SRR R R,

char act etlfeiq%grgcgrsof %Iou%-'?m 7 MHz. The spurious component 40 observed in the first embodiment
is smaller than that in the first comparative example. The first embodiment has fine spurious
components 42 in the range of of 1880 MHz to 1960 MHz, which are smaller than those in the
first comparative example. The first embodiment has suppressed spurious components, as
compared to the first comparative example.
[0028] A resonator in accordance with a first variation of the first embodiment is described.
In the present resonator, the arrangements of the first pattern 32 and the second pattern 34 are as
illustrated in FIG. 5D, and the first pattern 32 and the second pattern 34 are formed by the mass
loading film 28 having the holes. The resonance portion 50 has an ellipsoidal shape having a

long-axis length of 247 pm and a short-axis length of 176 um.  The first pattern 32 has the

circular dots.  The pattern pitch Lp of the first pattern 32 is 7 um, and the pattern size L1
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resonators configured in accordance with the first variation, the second
conparative exanple, and the third conparative exanple. FIGs. |2A through
12C are respectively diagranms of pass characteristics of the resonators
configured in accordance with the first variation, the second conparative
exanple, and the third conparative exanple. As illustrated in FIGs. 11A

t hrough 12C, the spurious conponent 40 is observed at a frequency of around
1877 MHz in each of the resonators. Further, the fine spurious conponents
42 are observed in the range of 1880 MHz to 1960MHz. It is to be noted the
spurious conmponents 40 and 42 of the first variation of the first

enbodi nent are snmaller than those of the second and third conparative

exanpl egerchpf 7 [l TRE idth W0 of the G&RAO bR isSIUPPMme s Thagovehuge sqioris 80%.
conponents, as conpared to the second and third enbodi nents. [0030]

Accordi pg g&o?&c&%&?ﬁtiv@%ﬁﬁmﬁ@ NELGEcBRd Pattek®4 isnvi@Rgedrss as tdfosm Giessameher e t he
mass | oadi ng I m28 has only the first pattern 32, the spurious conponents

40 and 44, BeGORE: dAhOFs: Afialibh, Bl TR ikt Phici™® ik hocfonhal | dhe widhheoomes

| arger. "Even 1 n a case where the nass loading film28 has only the second

pattern 3ng h&?en% Byfd P’f'ﬁmgo 'i'ﬂPQ AR D rfhAraf0dletdn e GRSt RIGRI32AS atriipetbelt h W

of the Ssecond pattern 34 becones larger. According to the first enbodi nent,

the co O 3%iA0f, 4aghs feomPpat@in B 8 nddforkes it
pOSS|bF§§R§%bg§h€%H% gﬁ5|zghﬁ?§ﬁ%gpﬁ% ﬁrst pattern 32 and tﬁénmngth W of

t he sec ofer a k30 of dSeconB@nd hikidi ous
conponeﬁ?gSﬁgiﬁ%gﬂfgﬁmgﬁﬁgéE?d%%?@?iegﬁk?g%§%§g Fg?%é |§ a df%gra%1of a

relationshi ?rag\g :Blets ffllg ect(ﬁ%%rﬁggzé é’stﬂr}rgocg% 86y PRtid Lo Mhé NEsLEMBSditsntl N each

of the fPV8t*varia rst e iment and the third conparative

exanpl e. h%-gg fld, S%ltlosao ﬁ@g\{dé%tlgrg I g?(chd anB@lrk dombagiivedkdmiple atehi rd

vera T
conparat| exé%p e'is depi l'i ne. When the coverage ratio
is equa%O%ﬁ or less than 50% the pattern is forned by the nass | oading
film 28. en the coverage ratio is higher than 50% the pattern is forned

by the Z&l)@ibf gfém ‘ii A H} {gllgg% eSze ke%Béjc'nOQl fSi it Ats A)ﬂef‘l&%oﬁ chathctdticabf g of

the fir |nen cover age ratio i's calcul ated by changing the size

LI of the first ttern 3 h L
Sl SRR ﬁf&?ﬁjﬁ%Wﬁ@ﬁsﬁlﬁﬁﬁ%"‘%@?t%‘?ﬁ&gﬁ@?‘;ﬁ SRS e

In the third t |
changi ngHHE TR R T g B A R e PR e

pattern OCEII %](c:tgfllﬁtibs]folf 18%ed? n%tgas c%gﬁgllrp&; irl dcbbtd r{d’ééflgx B ik Gariatidn, thBSechhd St

vari at i St e I's capab e i ncreasi ng the pattern

t | L f th
compar alSC TR AR B pard T fré‘?gmﬁa?%%‘% PRIPECy e anRutich b FS. 1L ooy o

80% the Wg?fﬂ{?gsr QB{"??;%%?“?’L{ G (r;l)sQrQ/e acd ﬁ@cﬁx@g%' oo Ratisei NAE, iRash dagdi ng

film 28 evaporation o uttering techni que of formng

the mass | oadin 8...and phaot hed AMVES. 1o ThE
pat t er né§® (ﬁ‘ﬁté)lés gdzfé‘&}"?fg%ﬁqnﬁsa Oug v %éal{égr megi? %06’5@ offi {gl!te gig}g%%gg%ap hy o
techni qu 960%\/&?2 S qt 1ts ttc? bé idted {he%\pll?‘ o%rs %E)rlngg'negl?sCMnglAQ o?ftheffﬁ%ma?igtl(grh@f tHE A rst

Ioadlng

embodiment are smaller than those of the second and third comparative examples. The first
variation is capable of suppressing the spurious components, as compared to the second and third
embodiments.

[0030]  According to an experiment conducted by the inventors, in a case where the mass
loading film 28 has only the first pattern 32, the spurious components 40 and 42 become larger

as the size L1 of the first pattern 32 becomes larger. Even in a case where the mass loading
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film28 and the liftoff technique. Thus, as the pattern interval Ls becones
smaller, it becones nore difficult to formthe patterned mass |loading film
28. In the structures disclosed in Docunents 2 and 3, the pattern interval
Ls of the mass loading filmis required to be shorter than the wavel ength
of the acoustic wave defined for the operation of the resonator. Mre
specifically, Docunents 2 and 3 disclose that the acoustic wavel ength of
the piezoelectric thin-filmmaterial at a frequency of 1 GHz is within the
range of 5 pmto 10 Ism and the pattern interval Ls is equal to or smaller
than the lower Iimt of the range. Paradoxically, when the pattern size Li
or the pattern interval Ls becones considerably |larger than the wavel ength

of the &EAYVEHLEENRUR sebdndRREENBS, Mk kurfouk torhpinehR@0nms 42 bemetierlgrgéd dsithd o
show the original function. According to an experinent conducted by the

| nvent oggqth &y SPHhe isQiéRd SRR NE BEcdnfes URERT aheshrding tathe Gk R einbbditnenntiel t he
characteristics is caused when the pattern size Li, the pattern interva

Ls, or th&bRakdEsfhdhiisEbatlemh PLERAIBS s&ondpARHAP MakaigRissiblRas rddiee thayet engt h
of the acoustic wave. Such a mass |loading filmmy not show the original

function ;qpdJm¥ Oﬁ%aemtz St AR gt Wost 1R REbATH tetSRl eV &St thd sahfe dVérggDt ed to

i ncrease the resonance frequency of the resonator (not less than 1 GHz or 2

Giz) , t%HPatﬂﬁg,qﬁlégggﬁ&y@éoﬁp&m&@m BBhlvealhrbdsedecome difficult to

produce the mass ing f1iI'm In other words, the range in which the

covera io R I ; ] hof Bk i range.
9 Odﬁﬁ heFlf%r? i3 & dﬁ%rg@ﬁ)g gﬁ«glg{i%ﬁpg%fv@%met&'v&aééﬁﬁug hRgtheipft&@nr ang

Ther ef ore, equenc nge becones narrow. The first

vari at | %’[{nﬁrtaln {]ﬁ éatfaé}{)&t{nﬁﬂgi)g:grg%gﬁ of the $RR2PIBdRfent SR the i Bmpdfafes pattern

i nterval a e thi conparati ve exanple. Therefore, it is

easi er %9?;&@@.‘” i les?vzlrﬁﬁoﬁfsodéﬁk'téa B%Vs%lig ‘i’x\éj:,%‘ﬁd tﬂerlhf?g G@rﬁpé’t‘ﬁ’c‘[\ﬁi%xart(]lﬁl% i§ ange

in which coverage ratio can be varie econes wder within the

produci %ﬁ%@? rﬂg_%'ebréllenili?e.te maﬁ %%ﬁd{op%ﬁ%ft QAL Dalteh Br fSEMUE TSN, BebhiadRl €

range. ITs its variation have the nass | oading

111 26 {00 R k0 LEA P Sl IBVEAR AGIIa0S, 4 shheusesau

pattern connecting the th this structure, it is

POSST bY Gl WIRRE FiS: folifiePRURL RS 1&&&4@%@1@?8.? | fa452 £ R} GffiakiBn 5 6 firPA t hrough

12C. Further, >as” | is possible to widen the range

i n which_the. i i, bl & i

o S DY SHERR L e B EhAOGER L Bt PAOINE DRl S0
in FlGs.. 98 LN Q40N ¢ eﬁp%’ttei%' chd’p i HkEFLS ?r%dbcge W&tﬁ"\ﬂ@ﬁh!"@&@n& BARRRLAT S
havi ng dﬁ??erent resomance Trequencies are used. As the resonance frequency
becones .hi.gher,. t he vel t r.

Thor of oris et PG " T B yRlarhinE RERHE hEc RN PRRYTEICSIC N o)
sizes. It is useful (to.us e.r t ] j i whe i he
resonand%m?$3%ﬁ?ﬁg§Lﬁgfﬁféﬂ%p g?géggﬁggnggﬂgmﬁgghéﬁh%ﬁgg@glgﬁg%gr of’ﬁhe
first enmbodi ment is advant ageous when the resonance frequency is equal to
or highéPnthan 1 GHz, 1.5 GHz or 2 GHz. [0034]It is preferable that the

e R B e
v AL T AR T B R B B SR R
e eSSl SRSy Vi UGl M DB SRRl b

O e SIS e B SR P A Byl Pt
o oSl e PR RO BETREE S b R SERT U B BB

However, it is preferable _that the ar f e.second pattern, 34 are
arr axgedaf]ldé’@é(.hi%? qeghn?ques. The patterne masm%agmg tﬁlpm 2 may%e fgrmed yn[he

photolithography technique, the sputtering or evaporation technique of forming the mass loading
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[ 0036] The dots of the first pattern 32 may have different shapes in the
resonance portion 50. However, it is preferable that the dots of the first
pattern 32 have the sanme shape in the resonance portion 50. It is thus
possi ble to equalize the perfornmance of the acoustic wave in the resonance
portion 50. [0037] The arns of the second pattern 34 may have different
widths in the resonance portion 50. However, it is preferable that the arns
of the second pattern 34 have the sane width in the resonance portion 50.

It is thus possible to equalize the performance of the acoustic wave in the
resonance portion 50. [0038] The nmass loading film28 is preferably nade of
a substance different fromthat used for the |ower electrode 12 or the

upper elifabBAHE thefiftdft tedimidudUS TROS 84 ﬁhk?aﬁt&n SREVAIE sHRcAY BRIlbR Lt deedntddi NY
selection ratio of the nmass loading film28 to the | ower electrode 12 or

the Upp%or@hﬁﬁ%tﬂﬂ?%x%@t}h?ba&é?ﬁe& AR 194didcOiIH 730 TR eheRltaFed disblokddan mass

|l oading film28. [0039]In the filter illustrated in FIG |, at |east tw of

the resenalobss TBYd BanE PRl &TallIQ JRaean s Watiln@riRmtis Fedhir€d ©fbelshrtdr kant
pattern 32 and the second pattern 34 to the resonance portion 50. This

conf i guryal |, JIBIES thd acBOIRIVVE definddbtithe oga@ti&fe@fqnafe@&lawneqm&cy_ for each
resonator. In this case, It is preferable that the nass loading filnms 28 of

e PR D IR0 R U AL O B UBRRe i, Decase
thin-film material at a frequency of 1 GHz is within the range of 5 pm to 10 pm, and the pattern
interval Ls is equal to or smaller than the lower limit of the range. Paradoxically, when the
pattern size L1 or the pattern interval Ls becomes considerably larger than the wavelength of the
acoustic wave, it becomes difficult for the mass loading film to show the original function.
According to an experiment conducted by the inventors, a spurious component is generated and a
deterioration of the characteristics is caused when the pattern size L1, the pattern interval Ls, or
the pattern pitch Lp becomes considerably larger than the wavelength of the acoustic wave.

Such a mass loading film may not show the original function and may be not suitable for
practical use. When it is attempted to increase the resonance frequency of the resonator (not
less than 1 GHz or 2 GHz), the pattern interval Ls becomes small and it become difficult to
produce the mass loading film. In other words, the range in which the coverage ratio can be
varied becomes narrow within the producible range. Therefore, the frequency adjustable range
becomes narrow. The first variation of the first embodiment is capable of realizing a larger
pattern interval than that of the third comparative example. Therefore, it is easier to
manufacture the acoustic wave device. In other words, the range in which the coverage ratio
can be varied becomes wider within the producible range. It is thus possible to widen the

frequency adjustable range.

[0033]  The first embodiment and its variation have the mass loading film 28 formed by the
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[ 0040] For exanple, the series resonators Si - S4 may be varied so as to
have different ratios of the first pattern 32 and the second pattern 34 to
t he resonance portion 50. This variation nakes it possible for the series
resonators Si S4 to have different resonance frequencies. This variation
may be applied to the parallel resonators Pl - P3. The nmass loading filns
20 are used to define large differences in the resonance frequency between
the series resonator Si - S4 and the parallel resonators PI - P3, and the
mass loading filnms 28 are used to define fine differences in the resonance
frequency between the series resonators Si - S4 or those between the
paral l el resonators P1 - P3. Therefore, it is possible to realize the fine

adj ust ngpt ek ha{zi‘ﬁgﬂm@seanhrtﬁas&&w peddferrERChhviRIRO@hRIcomidetigiithe dBGT easi ng
t he nunber "of manufacturing steps. The fine adjustnent of the resonance
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conparatlve y thick portions of the mass loading film28. As illustrated in
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becomes higher, the wavelength of the acoustic wave becomes shorter.  Therefore, the first
pattern 32 and the second pattern 34 have smaller sizes. It is useful to use the resonator of the
first embodiment when the resonance frequency is high. For example, the use of the resonator
of the first embodiment is advantageous when the resonance frequency is equal to or higher than
1 GHz, 1.5 GHz or 2 GHz.

[0034] It is preferable that the width W of the arms of the second pattern 34 is smaller than the
size L1 of the dots of the first pattern 32.  This is because the first embodiment and its variation
may have structures closer to the first and second comparative examples when the width W of
the second pattern 34 is larger than the size L1 of the dots of the first pattern 32.

[0035]  The first pattern 32 may have an irregular arrangement of dots or a random
arrangement. However, it is preferable that the dots of the first pattern 32 are arranged regularly.
The regular arrangement of dots makes it possible to equalize the performance of the acoustic
wave in the resonance portion 50. The arms of the second pattern 34 may be arranged
irregularly. However, it is preferable that the arms of the second pattern 34 are arranged
regularly.

[0036]  The dots of the first pattern 32 may have different shapes in the resonance portion 50.

However, it is preferable that the dots of the first pattern 32 have the same shape in the resonance
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[0042] A third enbodi ment has an exenplary structure having a plurality of
mass loading films. FIG 15A is a cross-sectional view of a series
resonator of the third enbodiment, and FIG 15B is a cross-sectional view
of a parallel resonator of the third enbodinent. As illustrated in FIGs.
15A and 15B, another nmass loading film29 is formed on the frequency
adjustnent film24. Like the mass loading film 28, the nass loading film 29
has the first pattern 32 and the second pattern 34. [0043]In the first and
second enbodi nents, when it is attenpted to broaden the range in which the
resonance frequency is adjusted by the single-layer mass | oading film 28,
the mass loading film28 is relatively thick. According to an experi nent

conduct ggrtfay sohertianan hevshle R%qhidlRe Masserfoeasica o f thelaovidfc navé i thkesonahtee
resonator has a worse resonance characteristic. According to the third

enbodln?gﬁmng@ph of the mass loading film28 and 29 is conposed of a
plurality of layers. This makes it possible for each |layer to have a

reduced éd@hf KNeSSadR S RUBRIRIS28Sm BAGHa08 HBfepdnt QMRS intthteres@a
characteristic of the resonator. The mass | oading film 29 may be forned in

the mul t5pl aygiyeddr! 1msl,§efeﬁbkhﬁatrtﬁes&ﬂ@@@ﬁle@eéanu%uéﬁ 34 The: HBSand Qi RGhd i | m
29 may be conposed o hree |ayers or nore. Fourth Enbodi nent [0044] A
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resonance portion 50.

[0038] The mass loading film 28 is preferably made of a substance different from that used for
the lower electrode 12 or the upper electrode 16. It is thus possible to secure an appropriate
etching selection ratio of the mass loading film 28 to the lower electrode 12 or the upper
electrode 16 at the time of forming the pattern in the mass loading film 28.

[0039] In the filter illustrated in FIG. 1, at least two of the resonators may be configured to
have a different ratio of the first pattern 32 and the second pattern 34 to the resonance portion 50.
This configuration makes it possible to adjust the resonance frequency for each resonator. In
this case, it is preferable that the mass loading films 28 of the at least two resonators have the
same film thickness. This is because the mass loading films 28 may be formed concurrently.
[0040]  For example, the series resonators S1 ~ S4 may be varied so as to have different ratios
of the first pattern 32 and the second pattern 34 to the resonance portion 50.  This variation
makes it possible for the series resonators S1 ~ S4 to have different resonance frequencies.

This variation may be applied to the parallel resonators P1 ~P3. The mass loading films 20 are
used to define large differences in the resonance frequency between the series resonator S1 ~ S4
and the parallel resonators P1 ~ P3, and the mass loading films 28 are used to define fine
differences in the resonance frequency between the series resonators S1 ~ S4 or those between

the parallel resonators P1 ~ P3.  Therefore, it is possible to realize the fine adjustment of the
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in accordance with a fourth enbodinent. Referring to FIG 16, a lattice
type filter 102 is conposed of series resonators S5 and S6 and parall el
resonators P4 and P5. A series resonator S5 is connected between term nals
T3 and T5, and a series resonator S6 is connected between termnals T4 and
T6. A parallel resonator P4 is connected between the termnals T3 and T6,
and a parallel resonator P5 is connected between the termnals T4 and T5.
The series resonators S5 and S6 and the parallel resonators P4 and P5 nmay
be any of the series resonators and the parallel resonators of the first
through third enbodi nents. The lattice type filter 102 thus configured has
a suppressed spurious level as in the case of the | adder type filter.

Furt her mesrohé‘ncls%teﬁ{léh%y by eRhfrédoh&br WRFoUR afrasing @R dunt@tienaynudsiutbigatpe range.
The resonators of the first through third enbodi nents nay be applied to
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Fifth Enbodi nent [0045] A fifth enbodinent is an exenplary RF (Radio

Frequenqﬁhd%%g hgsf Or nmobil e communi cations. FIG 17 is a bl ock diagram of
th enbo

the fif iment. Referring to FIG 17, a nodule 70 has a dupl exer 62

and a pawes, F&&ﬁ@&:64. The dupl exer 62 has a reception filter 62a and a
transm ssion filter 62b. The reception filter 62a is connected between an
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Third Embodiment
[0042] A third embodiment has an exemplary structure having a plurality of mass loading
films. FIG. 15A is a cross-sectional view of a series resonator of the third embodiment, and FIG.
15B is a cross-sectional view of a parallel resonator of the third embodiment. ~ As illustrated in
FIGs. 15A and 15B, another mass loading film 29 is formed on the frequency adjustment film 24.
Like the mass loading film 28, the mass loading film 29 has the first pattern 32 and the second
pattern 34.
[0043] In the first and second embodiments, when it is attempted to broaden the range in
which the resonance frequency is adjusted by the single-layer mass loading film 28, the mass
loading film 28 is relatively thick. According to an experiment conducted by the inventors, as
the mass loading film 28 is thicker, the resonator has a worse resonance characteristic.
According to the third embodiment, each of the mass loading film 28 and 29 is composed of a

plurality of layers. This makes it possible for each layer to have a reduced thickness and
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enbodi ments enpl oy the FBAR in which the cavity 30 is forned between the
nmultilayered film 18 and the substrate 10 in the resonance portion 50.
Anot her type of piezoelectric thin-filmresonator may be used. For exanple,
a hole is formed in the substrate and the multilayered film 18 is exposed
to the hole. An acoustic reflection filmmay be substituted for the cavity
in the substrate This kind of resonator is solidly munted resonator
(abbreviated as SMR). The acoustic reflection filmnay be fornmed by

alternately stacking a first filmhaving a relative | ow acoustic inpedance
and a second filmhaving a relative high acoustic inpedance so as to
realize a filmthickness corresponding to the wavel ength of the acoustic

wave. 9%676%{{43 ShPIRS O tioh DY &Y leQIhahce didfactetistictFthd r@sdragr.s PEitd hass dading
descri be odi mrents and vari ations, but other enbodi nents and vari ati ons

may be Wxg 89 IYHaEI hQ %m@@ F?ﬁ"fhte'n'ﬁgtlfagi&rﬂlhh@ if R8s dhndeRriEdras 0Te drhie Meelobding

CLAI Ms I'al med . An acoustic wave device conprising: a
substr akfin 29 may be composed of three layers or more.

Fourth Embodiment

[0044] A fourth embodiment is an exemplary lattice type filter. FIG. 16 is a lattice type filter
in accordance with a fourth embodiment. Referring to FIG. 16, a lattice type filter 102 is
cpmposed of series resonators S5 and S6 and parallel resonators P4 and P5. A series resonator
S35 is connected between terminals T3 and T3, and a series resonator S6 is connected between
terminals T4 and T6. A parallel resonator P4 is connected between the terminals T3 and T6,
and a parallel resonator P5 is connected between the terminals T4 and T5.  The series resonators
S5 and S6 and the parallel resonators P4 and P5 may be any of the series resonators and the
parallel resonators of the first through third embodiments. The lattice type filter 102 thus
configured has a suppressed spurious level as in the case of the ladder type filter. Further, the
lattice type filter 102 has a wide frequency adjustable range. The resonators of the first through
third embodiments may be applied to filters other than the ladder type filter and the lattice type
filter.

Fifth Embodiment

[0045] A fifth embodiment is an exemplary RF (Radio Frequency) module for mobile
communications. FIG. 17 is a block diagram of the fifth embodiment. Referring to FIG. 17, a
module 70 has a duplexer 62 and a power amplifier 64. The duplexer 62 has a reception filter
62a and a transmission filter 62b. The reception filter 62a is connected between an antenna
terminal 61 and reception terminals 63a and 63b.  The reception filter 62a passes signals in a

reception band among signals received via the antenna terminal 61, and suppresses the remaining
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a piezoelectric filmfornmed on the substrate; an | ower el ectrode provided

on a first surface of the piezoelectric film an upper el ectrode
provided on a second surface of the piezoelectric filmopposite to the
first surface; and a mass loading filmhaving a first pattern and a
second pattern in a resonance portion in which the | ower electrode and the
upper electrode face each other through the piezoelectric film t he
first pattern having portions and the second pattern having portions
interlinking the portions of the first pattern. 2. The acoustic

wave device according to claim1l, wherein the portions of the second
pattern has a width smaller than that of the portions of the first pattern

3. The acausti ¢hi@¥eIdshERcARADIASe batpat Ak Mekeceptian RiRinkhe3pand 63 of
the first” pattern are arranged regul arly. . The acoustic wave

devi ce %ﬁféﬁféi‘ﬂssﬁglggsp ¢l RshisER 18I B2b REcRREkddMEwah thdiovidr affpliRatdsena have

an identrca

the antenna terminal 61. The power amplifier 64 amplifies a signal received via a transmission
terminal 65, and outputs an amplified signal to the transmission filter 62b. At least one of the
reception filter 62a and the fransmission filter 62b may include the filter of any of the first
through fourth embodiments.

[0046]  As the piezoelectric thin-film resonator, the aforementioned first through third
embodiments employ the FBAR in which the cavity 30 is formed between the multilayered film
18 and the substrate 10 in the resonance portion 50. Another type of piezoelectric thin-film
resonator may be used. For example, a hole is formed in the substrate and the multilayered film
18 is exposed to the hole. An acoustic reflection film may be substituted for the cavity in the
substrate. This kind of resonator is solidly mounted resonator (abbreviated as SMR). The
acoustic reflection film may be formed by alternately stacking a first film having a relative low
acoustic impedance and a second film having a relative high acoustic impedance so as to realize
a film thickness corresponding to the wavelength of the acoustic wave.

[0047]  The present invention is not limited to the specifically described embodiments and
variations, but other embodiments and variations may be made without departing from the scope

of the claimed invention.
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5. The acoustic wave device according to claim1, wherein the portions of
the second pattern have an identical w dth. 6. The acoustic wave
device according to claim1, wherein the first pattern and the second
pattern are defined by the nass loading film 7. The acoustic wave
devi ce according to claim1, wherein the first pattern and the second
pattern are defined by openings fornmed in the nmass loading film 8.
The acoustic wave device according to claim1, wherein the mass | oadi ng
filmis nade of a material different fromthat of the | ower electrode or

t he upper el ectrode. 9. The acoustic wave device according to claim
1, wherein the mass loading filmincludes films, each of which has the
first patiexms and the second pattern. 10. The acoustic wave device

according to claim1l, wherein the |lower electrode is forned so as to define
a done- shppadiaavity between the | ower el ectrode and the substrate.
11. Afilter conprising an acoustic wave device incl udi ng:
1. Anacoustic Wave device comprising:
a substrate;
a piezoelectric film formed on the substrate;
an lower electrode provided on a first surface of the piezoelectric film;
an upper electrode provided on a second surface of the piezoelectric film opposite to the
first surface; and
a mass loading film having a first pattern and a second pattern in a resonance portion in
which the lower electrode and the upper electrode face each other through the piezoelectric film,

the first pattern having portions and the second pattern having portions interlinking the

portions of the first pattern.

2. The acoustic wave device according to claim 1, wherein the portions of the second

pattern has a width smaller than that of the portions of the first pattern.

3. The acoustic wave device according to claim 1, wherein the portions of the first

pattern are arranged regularly.

4. The acoustic wave device according to claim 1, wherein the portions of the first

pattern have an identical shape.
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a substrate; a piezoelectric filmfornmed on the substrate; an | ower
el ectrode provided on a first surface of the piezoelectric film an upper
el ectrode provided on a second surface of the piezoelectric filmopposite
to the first surface; and a mass loading filmhaving a first
pattern and a second pattern in a resonance portion in which the | ower
el ectrode and the upper electrode face each other through the pi ezoel ectric
film ~the first pattern having portions and the second pattern
having portions interlinking the portions of the first pattern.

5. The acoustic wave device according to claim 1, wherein the portions of the second

pattern have an identical width.

6. The acoustic wave device according to claim 1, wherein the first pattern and the

second pattern are defined by the mass loading film.

7. The acoustic wave device according to claim 1, wherein the first pattern and the

second pattern are defined by openings formed in the mass loading film.

8. The acoustic wave device according to claim 1, wherein the mass loading film is

made of a material different from that of the lower electrode or the upper electrode.

9. The acoustic wave device according to claim 1, wherein the mass loading film

includes films, each of which has the first pattern and the second pattern.

10. The acoustic wave device according to claim 1, wherein the lower electrode is

formed so as to define a dome-shaped cavity between the lower electrode and the substrate.

11. A filter comprising an acoustic wave device including:

a substrate;

a piezoelectric film formed on the substrate;

an lower electrode provided on a first surface of the piezoelectric film;

an upper electrode provided on a second surface of the piezoelectric film opposite to the
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12. The filter according to claim1l, wherein the acoustic wave device

I ncludes a plurality of resonators, and at |least two of the plurality of
resonators have different occupying ratios of the first pattern and the
second pattern to the resonance portion 13. The filter according to
claim 12, wherein the at |least two of the plurality of resonators have an

I dentical thickness of the nmass | oading film

first surface; and
a mass loading film having a first pattern and a second pattern in a resonance portion in
which the lower electrode and the upper electrode face each other through the piezoelectric film,
the first pattern having portions and the second pattern having portions interlinking the

portions of the first pattern.

12. The filter according to claim 11, wherein the acoustic wave device includes a
plurality of resonators, and at least two of the plurality of resonators have different occupying

ratios of the first pattern and the second pattern to the resonance portion

13. The filter according to claim 12, wherein the at least two of the plurality of

resonators have an identical thickness of the mass loading film.
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