SPECI FI CATI ON TI TLE OF THE | NVENTI ON ACOUSTI C WAVE DEVI CE AND MODULE
Techni cal Field [0001] The present invention relates to an acoustic wave
device and a nodule, and relates to an acoustic wave device and a nodul e
havi ng a conb-shaped el ectrode for exanple. Background Art [0002] Acoustic
wave devices are used as filter elenents and oscillators of wreless

devi ces for exanple. There has been known a surface acoustic wave (SAW
Surface Acoustic Device) device as a device using acoustic waves. The SAW
device is used to a variety of &PECYFICHRTROMCEeSSing radio sighals in a
frequency of 45 MHz to 2 such as a transm ssion bandpass filter, a

recepti on bandpass fllter %%E?ﬁfTHE @?kﬁQQN-OSCI||atOF an antenna

dupl exer, an IF (Interned|ate requency and an FM ( Frequency

Modul ation) nodul ator. f&%ﬁ%ﬁ%g@ﬁﬁgfﬂgﬁ%?eEﬂ%ﬂB%ﬁO%RHEFW (I'nterdigital

Transducer) incl uding

Technical Field
[0001] The present invention relates to an acoustic wave device and a module, and relates to

an acoustic wave device and a module having a comb-shaped electrode for example.

Background Art

[0002] Acoustic wave devices are used as filter elements and oscillators of wireless devices
for example. There has been known a surface acoustic wave (SAW: Surface Acoustic Device)
device as a device using acoustic waves. The SAW device is used to a variety of circuits
processing radio signals in a frequency of 45 MHz to 2 GHz such as a transmission bandpass
filter, a reception bandpass filter, a filter for a local oscillator, an antenna duplexer, an IF
(Intermediate frequency) filter, and an FM (Frequency Modulation) modulator.

[0003] The SAW device has an IDT (Interdigital Transducer) including two opposing
comb-shaped electrodes. The comb-shaped electrode has a bus bar and electrode fingers
extending from the bus bar to a same direction and exciting acoustic waves. The electrode
fingers of the opposing comb-shaped electrodes are arranged in an alternate order.  The acoustic
wave is propagated to a direction intersecting with an extension direction of the electrode fingers.
However, generated is a lateral-mode spurious caused by the acoustic wave propagated to a
direction of the electrode fingers. There has been examined a method that provides a dummy

clectrode of one comb-shaped electrode to a tip of an electrode finger of another comb-shaped
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conb- shaped el ectrodes. The conb-shaped el ectrode has a bus bar and

el ectrode fingers extending fromthe bus bar to a sanme direction and
exciting acoustic waves. The el ectrode fingers of the opposing conb-shaped
el ectrodes are arranged in an alternate order. The acoustic wave is
propagated to a direction intersecting wth an extension direction of the
el ectrode fingers. However, generated is a | ateral -node spurious caused by
t he acoustic wave propagated to a direction of the electrode fingers. There

has b%Pe@tr@d%asma@@(ﬂfo@mrﬁ'?%ab%dtsbﬁerﬁn%bﬁi@i% vehve UANAtRA| @63 de OF enaRingQilength
conb-shaped electrode to a tip of an el ectrode finger of another

conb- t i cC wave
‘na Parrar et AiRag ol e fblh ARl gl o ATk PSR AR © Yo
a length of a d portion, of a cross electrode arran adj acent to the
curmy SRt 1oE T RTe TR rofo Qi Pt e g UG b A Bafh A FhC et 1)
There has been known a nethod that forns a dielectric filmon an el ectrode
f i ngerThpisthag bess knevnfagngthed dptpaes ¢ digleptric dilmwnanslpstrode fingsr Byfderead t he
spurious (e.g. Patent Docunent 2). Prior Art Docunent Patent Docunent

[ 0004]fRat 2dicleBoicdihann abusibeetorsappressahe fuibbiic@tg. BateRddgininent No. WO

2006/ 078001 Patent Docunent 2 International Publication Panphlet No. WO

2008/ PF8hAR IcHeASURE OF THE | NVENTI ON Probl ens to be Sol ved by the
| nvention

Patent Document
[0004] Patent Document 1 International Publication Pamphlet No. WO 2006/078001

Patent Document 2  International Publication Pamphlet No. WO 2008/078573

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention
[0005] The acoustic wave to be excited is distributed to a dielectric film in an acoustic wave
device in which the dielectric film is formed on a substrate. Thus, the method of Patent
Document 1 scatters a part of the acoustic wave in the lateral mode in a boundary face between
the substrate and the dielectric film. However, it is difficult to scatter the acoustic wave within
the dielectric film. Therefore, the suppression of the spurious is not sufficient. In addition,
when the method of the Patent Document 2 is used, a surface of the bus bar and the like is
exposed from the dielectric film. This may decrease a reliability.
[0006] The present invention was made in view of the above problems, and has an object of

suppressing a spurious.



[ 0005] The acoustic wave to be excited is distributed to a dielectric film
in an acoustic wave device in which the dielectric filmis fornmed on a
substrate Thus, the method of Patent Docunent 1 scatters a part of the
acoustic wave in the lateral node in a boundary face between the substrate
and the dielectric film However, it is difficult to scatter the acoustic
wave within the dielectric film Therefore, the suppression of the spurious
is not sufficient. In addition, when the nmethod of the Patent Docunent 2 is

used, MesddoBiRd thePeotisigs bar and the like is exposed fromthe dielectric
film This may decrease a reliability. [0006] The present invention was nade

0 PN L R REBRLEITE A B, ACORE Skl AURDERARRADaR SPUT ] OUS.

Means 't or’” Sol € present inventfon I's an acoustic

wave device characteri zed by including: a substrate: ielectric film

f or necF”Bﬁraf%é%%gfcr@Fbg’“Bﬁ %Thﬁéhjt@gﬁ%z SR °8‘P’§'<?F‘?'P8§§ge°ﬁf%“§eaﬁ°e°a *Bet ween
the substrate and the dielectric_ fil each of the opposinq conb- shaped

el ect rhsthesnithresubetrasganghe distectrisdéms P%@f the\(apdngcomb-phensd Clemdst t he
substrate and the dielectric filmis a piezoelectric substance; an upper
sur f adecloding heclditalde dingérc whereim at Wastae jof the substst and dhvediglegtip fibeisfeen a tip
of an el ectrode finger of one of the opposing conb-shaped el ectrodes and

t he otfighemRttrit BEbseRBOSh iPp&eIHaGhARRMicbant fimeshich B locuedd abedct agai nst an
upper surface of the substrate in an extension direction of the el ectrode

Fingery.and aqg) 366 lelR@bd g%PQI} (ﬁ%e%fftﬂeh%gb'ﬁ&%on%%ﬁa@g@el@étr&d@@alﬁli the 8L 1 C

fil magal nst the upper surface of the bstrate is equal to or larger than

30 and ual t.o or | 1 er. than 50. Accordi t e j ion, it
Ce podyiiEh hete it aiped clshitRe J e PEEER A r AL TN b BUET O7,
upper surface of the dielectric fiIn1nay_bF confi ur?qlto be ”pcl%m$d
acr os SRS EBHOR Figeqh@giog Hheglsstrads ﬁ%geéélﬁd an inclination angle of the upper surface of the

dielectric film against the upper surface of the substrate is equal to or larger than 30° and equal to
or smaller than 50°. According to the present invention, it is possible to suppress a spurious.
[0008] In the above configuration, the upper surface of the dielectric film may be configured
to be inclined across an entire region above the gap.

[0009] In the above configuration, each of the opposing comb-shaped electrodes may be
configured to include the electrode finger and a bus bar, and a film thickness of the dielectric
film on the electrode finger may be configured to be different from a film thickness of the
dielectric film on the bus bar.

[0010] In the above configuration, a difference of film thickness in the dielectric film caused
by an inclination of the upper surface of the dielectric film may be configured to be larger than
film thicknesses of the opposing comb-shaped electrodes.

[0011] In the above configuration, the acoustic wave device may be configured to include
IDTs, each including the opposing comb-shaped electrodes, and the IDTs may have different

inclination angles.



[0009] I n the above configuration, each of the opposing conb-shaped

el ectrodes may be configured to include the electrode finger and a bus bar,
and a filmthickness of the dielectric filmon the electrode finger may be
configured to be different froma filmthickness of the dielectric filmon
the bus bar. [0010]In the above configuration, a difference of film
thickness in the dielectric filmcaused by an inclination of the upper
surface of the dielectric filmmay be configured to be larger than film

thi quﬁ@%ﬁs ofn thB §bRRROSH I NGatfATMSINARAhy e R6# fi QRS0 il @@l fifgt I)1e above

configuration, the acoustic wave device may be configured to include |IDTs,

each ii{?&{:d&iigﬁisér&%r@sepﬁglg esﬁ@d@}l@?ﬁ@ﬁ aﬁggégg&ﬂﬁﬁ iR Nded e %Lag;r@m may have

di fferent 1T nclination an ove conf1gurat the | DTs
may be confi e o .include fifrst T ipcluded (0 a seri resonat or of
2 addeonngpa e et B it B TPt 1 BrgePEr R RE Eonat or o
the | adder-type filter, and the first IDT and the second | DT may be

conf i daredifienhiagknagion peglent i nclination angl es. [0013] The present

invention is a nodul e including the above-descri bed acoustic wave
[0013] The present invention is a module including the above-described acoustic wave

device.

Effects of the Invention

'[0014] According to the present invention, it is possible to suppress a spurious.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1A is a cross-sectional view of a resonator 100 in accordance with a first
embodiment, and FIG. IB is a plain view of a part of the resonator 100;

FIG. 2A and FIG. 2B are plain views of the resonator 100 in accordance with the first
embodiment;

FIG. 3A through FIG. 3D are cross-sectional views (No. 1) illustrating a method of
making an inclination region;

FIG. 4A through FIG. 4C are cross-sectional views (No. 2) illustrating the method of
making the inclination region;

FIG. 5A is a cross-sectional view of a resonator 120 in accordance with a first
comparative example, and FIG. 5B is a plain view of a part of the resonator 120;

FIG. 6A and FIG. 6B are diagrams illustrating a conductance against a frequency in the

resonators in accordance with the first embodiment and the first comparative example
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device. Effects of the Invention [0014] According to the present invention,
it Is possible to suppress a spurious. BRI EF DESCRI PTI ON OF THE DRAW NGS
[0015]FIG 1A is a cross-sectional view of a resonator 100 in accordance
with a first enbodinment, and FIG 1B is a plain view of a part of the
resonat or 100; FIG 2A and FIG 2B are plain views of the resonator
100 in accordance with the first enbodi nent; FIG 3A through FIG 3D
are cross-sectional views (No. 1) illustrating a nmethod of making an
|ncli@a%b&nwﬁeg|on FIG 4A through FIG 4C are cross-sectiona

Vi ews il lustrating the method of making the inclination region;

FIG SA IS rﬂsﬁld%@tfﬂjﬁ%ldm b tlfl §19ﬁ’1 Qﬁy&fza(?lacgu E%ﬁzgﬂﬂ’ﬁg with a
ch3

first conparative exanple, view of a part of the

resonator 120;
resonators 1h accordance with the first embodiment and the f' rst comparative example

respectively;

FIG. 8 is a diagram illustrating a lateral-mode spurious amount against an inclination
angle 0 in the first embodiment;

FIG. 9A is a cross-sectional view of a resonator 122 in accordance with a second
comparative example, and FIG. 9B is a plain view of a part of the resonator 122;

FIG. 10 is a diagram illustrating a conductance against a frequency in the resonator in
accordance with the second comparative example;

FIG. 11 is a diagram illustrating a characteristic of a conductance against a frequency;

FIG. 12 is a diagram illustrating a lateral-mode spurious amount against an inclination
angle within different frequency ranges;

FIG. 13A is a cross-sectional view of a resonator 102 in accordance with a first variation
of the first embodiment, and FIG. 13B is a plain view of a part of the resonator 102;

FIG. 14A is a cross-sectional view of a resonator 104 in accordance with a second
variation of the first embodiment, and FIG. 14B is a plain view of a part of the resonator 104;

FIG. 15A is a cross-sectional view of a resonator 106 in accordance with a third
variation of the first embodiment, and FIG. 15B is a plain view of a part of the resonator 106;

FIG. 16A is a cross-sectional view of a resonator 108 in accordance with a fourth
variation of the first embodiment, and FIG. 16B is a plain view of a part of the resonator 108;

FIG. 17 is a plain view of a resonator 110 in accordance with a fifth variation of the first

embodiment;



FIG 6A and FIG 6B are diagrans illustrating a conductance agai nst a
frequency in the resonators in accordance with the first enbodi nent and the
first conparative exanple respectively; FIG 7A and FIG 7B are
diagranms illustrating an intensity of an acoustic wave in the resonators in
accordance with the first enbodi nent and the first conparative exanple
respectively; FIG8 is a diagramillustrating a | ateral-nbde
spurious anount against an inclination angle 0 in the first enbodi nent;

FIG 9A is #IGI®S§asRelii @H@rhm\@f@%dgér-tgpé ARENAS Of ackaRahdt WECHsEante With a
second corrparatl ve exanple, and FIG 9B is a plain view of a part of the
reson odi FIG 10 is a diagramillustrating a conductance
agai nst a req’uency in the resonator in accordance with the second

of b contuuct held ag Rl o edfidsEpBe BHEL B3 pec b R P21 s ¢

| at er al - node spurious anount against an inclination angl e wthin different
f r equesiBpdiagdes; FIG 13Ais a cross-sectional view of a resonator
102 in accordance with a first variation of the first enbodi nent, and FIG
13B i s a pl &G 20 iewdoferam gepidtingimeaheemes oesattool faP¢haracteristicspiftie 14A is a
cross-sectional view of a resonator 104 in accordance with a second

var i atlh@ir-fpetther 115 iatac@iitodé Mihthe Roshdenbodidddtiadda plain view of a part
of the resonator 104;

FIG. 21 is a block diagram of a module 70 in accordance with a third embodiment.

BEST MODES FOR CARRYING OUT THE INVENTION
[0016] Hereinafter, a description will be given of embodiments of the present invention with
reference to drawings.
First Embodiment
[0017] A first embodiment is an exemplary resonator as an acoustic wave device. FIG. 1A
is a cross-sectional view of a resonator 100 in accordance with the first embodiment, and FIG 1B
is a plain view of a part of the resonator 100. FIG. 1A corresponds to a cross-sectional view
taken along line A-A in FIG. 1B. As illustrated in FIG. 1A and FIG. 1B, a dielectric film 14
such as a silicon oxide film is formed on a substrate 10 having a piezoelectricity such as lithium
niobium oxide or lithium tantalum oxide for example. Comb-shaped electrodes 12a and 12b
made of a metal film such as Cu are formed between the substrate 10 and the dielectric film 14.
The comb-shaped electrodes 12a and 12b are formed so as to oppose each other, and form an
IDT 12. The comb-shaped electrodes 12a and 12b have electrode fingers 13a and 13b and bus
bars 11a and 11b respectively. The electrode fingers 13a and 13b extend to a same direction,

and the electrode fingers 13a and 13b are arranged alternately. A region in which electrode
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FIG 15A is a cross-sectional view of a resonator 106 in accordance with a
third variation of the first enbodinent, and FIG 15B is a plain view of a
part of the resonator 106; FIG 16A is a cross-sectional view of a
resonator 108 in accordance with a fourth variation of the first

enbodi ment, and FIG 16B is a plain view of a part of the resonator 108;
FIG 17 is a plain view of a resonator 110 in accordance with a fifth
variation of the first enbodi nment; FIG 18 is a circuit diagram of

a | addggetsyiBe ahd [ 3L6velidpid & ALY Ha0E 32 WMndhe doseFamdn e ragdil ARt 11b are
FIG 19 1s a plain view of the ladder-type filter 115 in accordance with

the s ahhadirent ; FIG 20 is a diagram depicting neasurenent
resul ?@ggg‘- pg@s cﬂ:r acteristics of the |ladder-type filter 115 in accordance

' acdBilnce A S8 R ssRadm et S el TRBpEe PO ANE BT e
| NVENTI ON [ 0016] Herei nafter, a description will be given of enhodi nents of
the preppesing Fomepiapehelgptrqsdes 12a and 12b and the comb-shaped electrode 12b that is the

other one of the opposing comb-shaped electrodes 12a and 12b. A region of the gaps 15is a

gap region 50. An upper surface of the dielectric film 14 above the gaps 15 is inclined against

an upper surface of the substrate 10 in an extension direction of the electrode fingers 13a and 13b.

A region in which the upper surface of the dielectric film 14 is inclined is an inclination region

20. Equal to or more than 30° and equal to or smaller than 50° is an inclination angle 6 of the

upper surface of the dielectric film 14 against the upper surface of the substrate 10 in the

inclination region 20. The inclination angle of the inclination region 20 may not be constant,

and the inclination angle may be small in the vicinity of a periphery of the inclination region 20,

and may be large in the vicinity of a center. In this case, the inclination angle 6 is the most

inclined angle of the inclination region 20.

[0019] FIG. 2A and FIG. 2B are plain views of the resonator 100 in accordance with the first

embodiment. FIG: 2A is a diagram viewing the dielectric film 14 transparently. As illustrated

in FIG. 2A, reflectors 16 are located at both sides of the IDT 12 in a direction intersecting with

the extension direction of the electrode fingers of the IDT 12.  FIG. 2B is a diagram illustrating

the dielectric film 14 and the inclination region 20, and the IDT 12 and the reflectors 16 are

illustrated by dashed lines in FIG. 2B.  As illustrated in FIG. 2B, the inclination region 20 is

formed above the gaps 15 of the IDT 12.  The inclination region 20 is continuously formed

from the IDT 12 to the reflectors 16. The inclination region 20 is formed so as to surround the

electrode fingers of the IDT 12 and electrode fingers of the reflectors.
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reference to drawi ngs. First Enbodi nent [0017] A first enbodinent is an
exenpl ary resonator as an acoustic wave device. FIG [Ais a
cross-sectional view of a resonator 100 in accordance with the first
enbodi nent, and FIG 1B is a plain view of a part of the resonator 100.
FIG | A corresponds to a cross-sectional view taken along line A-Ain FIG
1B. As illustrated in FIG |A and FIG 1B, a dielectric film 14 such as a
silicon oxide filmis forned on a substrate 10 having a piezoelectricity

such ggodd)t hi UmaRHRAE WIVOK A8itdlin ke dabstid Bndral thienietdie ffimr 4axane! e.
Comb- shaped el ectrodes 12a and 12b nade of a nmetal filmsuch as Cu are

for maqel(% M‘%glgge}shgi %g@slglg at %‘]QT (évh%gg h?ﬂ &]gglgdg% eén'a‘h a cthginconmb- shaped

el ect are SO as and form an
| DT 12, The conb-.shap tr es 12a and 1 e eIe trode fingers 13a
and 13BN GRS § F ﬁaﬁ% R L R TR o A
and 13b extend to a sane dlrectlon and the electrode fingers 13a and 13b
are arfipigecpearendicnlar ol he ehctr@glfwﬁersd3wdcwbe| dbe pepystic wawgérf‘sﬂeitsa ¥nd 13b
overlap is an overlap region 52, and regions of the bus bars Ila and |Ib
are buhehﬂempsgpon§h5¢ump©@&8@@ngapﬂﬁ5hmﬁhsmsabepmﬁenhantkpm@$Wﬁhe

el ectrode finger 13a or 13b included in one of the opposing conb-shaped

el ect rRegin rdsdfarRd treddddc AN dTHeRoGOITBraSH plPskBddas thedeclabintdattingwitne ot her
one of the opposing comb-shaped el ectrodes 12a and 12b. A region of the
gaps ]tﬁ%lﬂéct?odg @iﬂlgér@%@%d{s@b 18 MRRETc WaVefiRg $nadf mbiendi BlR!Hd fnfddnhs14
above the gaps I's I ncl |ned agalnst an upper surface of the substrate 10
in an exten | ction of. ion in
whi oh Ao ARbern B FEbaReoint e EloEEhY PE SpodsP AT &ORe iR cstbghoe
i nclination re ion

direction of the electrode fingers 13a and 13b.  Thus, the upper surface of the dielectric film 14

above the gaps 15 is made to be inclined. This distributes the acoustic wave propagated to the
extension direction of the electrode fingers 13a and 13b.  Therefore, it is possible to suppress
the lateral-mode spurious. Furthermore, the bus bars 11a and 11b can be covered with the
dielectric film 14. Thus, unlike Patent Document 2, a bus bar and the like are not exposed from
the dielectric film 14. Therefore, it is possible to suppress the degradation of reliability.

[0021] A description will now be given of a method of forming the inclination region 20 of
the dielectric film 14. FIG. 3A through FIG. 4C are cross-sectional views illustrating a method
of making the inclination region 20.  As illustrated in FIG 3A, the comb-shaped electrodes 12a
and 12b are formed on the substrate 10. The dielectric film 14 are formed on the substrate 10
so as to cover the comb-shaped electrodes 12a and 12b.  As illustrated in FIG. 3B, a photoresist
30 is applied on the dielectric film 14. As illustrated in F1G. 3C, the photoresist 30 on the bus
bar 11b is irradiated with an ultravielet light UV with using an exposure mask 32.  As
illustrated in FIG. 3D, removed by development is the photoresist 30 on the bus bar 11b

irradiated with the ultraviolet light.



20. Equal to or nore than 30 and equal to or smaller than 50 is an
inclination angle O of the upper surface of the dielectric film 14 agai nst
t he upper surface of the substrate 10 in the inclination region 20. The
inclination angle of the inclination region 20 may not be constant, and the
inclination angle may be small in the vicinity of a periphery of the
inclination region 20, and may be large in the vicinity of a center. In
this case, the inclination angle H's the nost inclined angle of the

inclinabrgn r egiiMiktéfed ih PﬁiQhE{h@inaiﬁa@@ﬂoﬁh@dn%@ﬁrﬁeespbt&h@pNét@[\éﬁs@o t he

resonator 100 in accordance with the first enbodinment. FIG 2A is a diagram
Vi ew 1el LG..f1Lm. 3 t ki r o RriE ki 2A

Fof | eorsrley e R Hplbdie, TR IPRRL 4 b phlfioyhl YRt Ef Bl i
intersecti wi.th the extension directi f .the el ectrode finger f the
D 150 3 8-Sl O BSiE APl et TS ST LSO P SRS e LAl ¢ he
inclination region 20, and the IDT 12 and the reflectors 16 are illustrated
by dasiddhg diglestric il i, Phis tragstprs thesinelinagign phthepdge sppface Beofithe| i nat i on
region 20 is forned above the gaps 15 of the IDT 12. The inclination region
20 i s photdrésiund0sé thefdorevadt filnoid, tahe fdr@DF thiclintlmatibieregivhl 20cbovesthg @apsTiiie
inclination region 20 is forned so as to surround the el ectrode fingers of

the | DFs iRs@ned RlRGt40de: fiongedia 30fis tchpve®f | Betisimatiorelegioh 20@€ tHel Nnger s 13a
and 13b of the IDT 12 when a hi gh-frequency signal having a certain

f fequeaaxcthég%ghg&gbé RrhBebY BT abdve-JRE&IRAMREEC Wave that has been excited

IS propagate Irection perpendicular to the electrode fingers 13a and

13b. T coustic wave is reflected by the reflectors 16. Thi t he
Fosonab g1 00 Nerh el S S o Phah i S b RibE TR e S pISET
resonance frequency. The acoustic ve propagated. to the direction

i nt er s EPRBshared eté fgodsr d23 ?@d]ezbqu\l{%‘e'fe%onﬂ@és lgﬁﬂcoi@aﬁc? ?‘tgﬁheaéréhst ic wave in
a main node that fulfills the function as a resonator. A |ateral-node

spur i cwspagativagsaneplbynd the fisss embedimenay & hempatyed waonatpril A insscceidancsn
direction of the electrode fingers 13a and 13b. Thus, the upper surface of
t he diwitledierfiraet eiribotiindeht Bhbyesdtaer géphichShé suthmde iltustrbed imEIG. hédhrodghi s

di stributes the acoustic wave propagated to the extension direction of the

el ect rggdesti NYRS subdBae dMfhathBPincilBSy BhRhEniobfum Sid0S ThBkembRhgeAPT €SS the
| at er al - node spurious. Furthernore, the bus bars 1 la and 1 |'b can be

covere 1 i L6 4, : 'Hp{' n 1.8 bus
bar an%e%g% %%g‘mgrlgt ﬁ%ﬁlﬁg% pcfl)dsdg’gil LIflr grlrl;gt eeCtl e lﬁeﬁéﬁ F‘%Fnﬁ fnﬁ]g%ﬁgﬂﬁ}%r%?dgf e, it
is possible to syppr.ess.the. degradajio reliabilit 0021].A descri ption
1 D ipvg toreRBE B SiietatiieieRs D b ate ShER ALY 30 R5T G 30 of L he
dielectric film1l1l4. FIG 3A through FILG 4C are cross-sectiognal vie

il ustwa‘tqkﬁlgtha)f@ﬁtawtlwaﬁ%w@h@1fi1%éh<? AEriomasigRoouss 8idvesevics Pl r at ed
in FIG 3A, the conb-shaped el ectrodes 12a and 12b are forned on the

subst refttee g4p. 1 STheppipsiatty 0.25%.i | Afilm thielmessonfveaidielacitin éil U onreg dect@de o as
to cover the conb-shaped el ectrodes 12a and 12b. As illustrated in FIG 3B,
a phot figsd SBa a3l 185 isappioxatateln 0te A flhemickhes b thediedecthstilind 1416 thabed i n
FIG 3C, the photoresist 30 on the bus bar Ilb is irradiated with an

ul travipl ef, dhighb i ApWixtRaiSioNg, aThe FREAMM R BRI i3 3ppréSindatdipsdr ated in FIG
3D, renoved by developnent s the photoresist 30 on'the bus bar |lb

i rradiat L th t ulfiravio |4 i lustrated in FIG 4A, the
et el bl et b SicBlopod bomb R BREM T A8 o130 hecomes | ar ge. by
post bake, As illustrated in FlI 4B, .the photaqresist 30 an he, di el ectric
film 1@8%‘He diySet e HEF Iy -SELiony B Hf?l&’-sﬁ‘%éorl‘}?r\()i%éccﬁr f‘r“ael‘iv%ééﬂegﬁti on ratio
between the photoresist 30 and the dielectric film14. This transfers the

i ncl i nemppratior exdrepledye FEGritais@ pbEn yfewt e paHox dreassonatogd2q.o Ruferigg & ectric
film14, and fornms the inclination region 20 above the gaps 15. As

i1l ustFidi 84 ahd FRE GB, the uppdrauthatniesdistectd0 fils 14 abaweable gaplad Siin@atiimadei on
region 20 of the dielectric film 14 can be forned by the above-descri bed

Pr ocesgsodal? 330 NeadcordaBRRSMEEMe TR 6 PR QxamPlcGR REMGLRA EEBIC. DA@nd FIG,
hi gh-frequency signal between
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t he conb-shaped el ectrodes 12a and 12b of the resonators in accordance with
the first conparative exanple and the first enbodi nent. The neasured
resonator 100 in accordance with the first enbodinent is the resonator of
which the outline is illustrated in FIG | A through FIG 2B. The substrate
10 mainly includes |ithium niobium oxide. The conb-shaped el ectrodes 13a
and 13b mainly include Cu. The dielectric film214 mainly includes silicon
oxi de. Respective lengths of the electrode fingers 13a and 13b are

appr oXig@ted HrsBO¥bodtieR. XOshed s@vabeng i Afnean 1REOIShE festn@ 10bag ful fills
the function as an acoustic wave device. A length of the gap 15 is

aPD" OSLIRGLY o T ALY BERSaBlichhEyhghect ric 111 m 14 on the

el ect r'é ers I ma 3% A filmthickness of

t he di tri the busb roximately 0.1%
he gl e T A Pl gl C‘Edﬂé‘ﬁ‘b“ter?g%}f‘ﬁp LR e
inclination region 20 is approximtely 0.35% [0024]FIG5A is a

cr oss-theresengkmt indceqrdaice avithale fiest embadimentand dediraaoawaritivn exampl  r st
conparative exanple, and FIG 5B is a plain view of a part of the resonator
120. Redfpectivichyy (The FleGuenbAisandinBlaGanGBsoninee figpeancys of tha cesonrftort hdsdi el ectric
film 14 above the gaps 15 is flat in the resonator 120 in accordance with

the fiingtra®@MRAIGGAY the@bAdRR AR relafifdy Sdodb agdifst tHeAroanehck liGhe IBondtot he
first enmbodi nent. O her structures are the sane as those of the resonator

100, BSFRESAIEG W08 ks 100 W it B BSEAGTI Im0 L.
]]: Ir ?g? e%%%@gg%lpsgr@%% gfgnsductancecb%%(r)nqgsnf ]%cﬂrﬁﬁu%@r% il IH:$EsofBPHgENt and the

accordance with the first comparative example. This is caused by the lateral-mode spurious.

[0026] Next, a distribution of the acoustic wave in the extension direction of the electrode

fingers is measured. FIG. 7A and FIG. 7B are diagrams illustrating an intensity of an acoustic

wave in the resonators in accordance with the first embodiment and the first comparative

example respectively. FIG. 7A and FIG. 7B illustrate the intensity of the acoustic wave in the

extension direction of the electrode fingers 13a and 13b when a drive signal of 1910 MHz is

applied to the IDT 12. A horizontal axis denotes a position Y in the extension direction of the

electrode fingers 13a and 13b, and a vertical axis denotes a displacement amplitude I of the

acoustic wave. As illustrated in FIG. 7B, a third-mode acoustic wave in the lateral mode is

excited in the overlap region 52 between the bus bar regions 54 in the first comparative example.

On the other hand, as illustrated in FIG. 7A, a large number of high-order mode acoustic waves

are excited in the first embodiment.  As a result, unlike FIG. 7B, a certain strong high-order

mode acoustic wave is not excited.

[0027] The resonators 100 having an inclination angle 8 of 80°, 70°, 45°, 35° and 33° are

made in the first embodiment, and a lateral-mode spurious amount against the inclination angle 6
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respectively. The frequency is around an anti-resonance frequency of the
resonator. As illustrated in FIG 6A, the conductance is relatively snooth
agai nst the frequency in the resonator 100 in accordance with the first
enbodi nent. On the other hand, as illustrated in FIG 6B, there are
frequenci es at which the conductance becones a | ocal maxinumin the
resonator 120 in accordance with the first conparative exanple. This is
caused by the | ateral -node spurious. [0026] Next, a distribution of the

acoustil ;e NQYEl | F1dISs Q%ﬁ%ﬂ%ﬁ @é})i(ﬁfn%%lh@?hl-%od% RpurRlu8 GhbestQghihiigry s i

measured. FIG 7A and FI B are diagrans illustrating an intensity of an
acoust.i g. wave in n .S 1N i i i ment and
the 11Par Rl Mint BRERBPRRES HF DARSNGEIbdal Ml 8 HERA, UST o'e
t he intensiH% oL@éhe acoustic mavefin thg extensLonlg”;ection Qé

el ect rARAINF phibie aEeesaRutoRy 1 SREEmS O T COPdREUICE ABH MO I SIS 5P §-| ied to
the IDT 12. A horizontal axis denotes a position Yin the extension

di r ectGAomddfIGt $fd ehsilustsated iniliges: shellagralnmpde spuricys amauitds largearhenthies denot es

a di splacenent anplitude | of the acoustic wave. As illustrated in FIG 7B,
a t hi rifelimaden agdaisilargnavas iha idieatict gkl 0 trodees snalec itheddteratrntdde over | ap
regi on 52 between the bus bar regions 54 in the first conparative exanple.

On t hepgliiRranttARthecamed dthalfek.r Hspekidlly, Wwhéa thé Anclidatidy Gelernigbgual @f orhi gh- or der
node acoustic waves are excited in the first enbodinent. As a result,

unl i ke EhG chrB45°?th%q5t[aladLﬂmﬁé Eﬁff’ﬁu?isqgﬁsﬁrrd%@érved. This is because the width of the

inclination region 20 becomes narrow when the inclination angle 0 becomes large, and the width
of the inclination region 20 in the gap region 50 becomes small.

[0028] FIG. 9A is a cross-sectional view of a resonator 122 in accordance with a second
comparative example, and FIG. 9B is a plain view of a part of the resonator 122. Compared to
FIG. 1A and FIG. 1B of the first embodiment, the inclination region 20 is located in the bus bar
regions 54, and the upper surface of the dielectric film 14 above the gaps 15 is flat in the
resonator 122 in accordance with the second comparative example, as illustrated in FIG. 9A and
FIG. 9B. Other structures are the same as those of the resonator 100 in accordance with the first
embodiment, and a description is omitted.

[0029] FIG. 10 is a diagram illustrating a conductance against a frequency in the resonator in
accordance with the second comparative example. As illustrated in FIG. 10, although the
spurious is small compared to the first comparative example, a large lateral-mode spurious is
observed compared to the first embodiment.  As described above, it is possible to suppress the
lateral-mode spurious by forming the inclination region 20 above the gaps 15.

[0030] FIG. 11 is a diagram illustrating characteristics of the conductance against the

frequency. FIG. 11 is an example illustrating a relation between the frequency and the

11



node acoustic wave is not excited. [0027] The resonators 100 havi ng an
inclination angle O of 80, 70, 45, 35 and 33 are nade in the first

enbodi ment, and a | ateral -node spurious anount against the inclination
angle 0 10 is neasured. FIG 8 is a diagramdepicting the |ateral-node
spurious anount against the inclination angle O in the first enbodi nent.
The | ateral -node spurious anmpbunt is a spurious anmount of the | argest
spurious in diagrans of the conductance agai nst the frequency such as FIG

6A andoffduetantB and\s rdsbhdhst Fra§iRecy tdth&lils dd R chbatpbad tBER oFHEfireus anount
is large when the inclination angle O is large. As the inclination angle 0

beco I AP S r
EspegﬁgF@%%‘aﬁ&m”@ﬁéﬂﬁﬁé na?ﬁ%%ﬁg%gqgﬁs |g equa%A?§82g§§#arﬁg%€than 45,

the later rious is rarel obser v use the w dth of
the | R R B ST b S e b AR e A B a0 MR R AT RS o o
beconmes | arge, and the width of the inclination region 20 in the gap region
50 bedtuaencyisarpund a9 it Hap the lagerelrpads. @g@@qsdﬁglpssqﬁeél\,mtgfa a resonat or

122 in accordance with a second conparative exanple, and FIG 9B is a plain
vi ew diteml-pade spiiotthwithinsdinamarcyk@ke 40bepemee thetresdEh@e ffequensyl afd e 1B of t he
first enbodi ment, the inclination region 20 is |ocated in the bus bar

r egi ongtiadsonaitd ficheendpRad asatehRmodoiputibeas ditkihadtdguenchirknye 12 astaay ehet he gaps
15 is flat in the resonator 122 in accordance with the second conparative

exanpl gy p nhﬂcle‘ﬁ%hﬁ&t:fd th2dbikibh togfﬁe #GudnbFran@Ba2 A Blerdinmdielpifisare the

sane as those of esonat or 100 i n accordance with the flrst enbodi nent ,

222(&@?@?{@% %t I Ofe %ncgnz%q} " edlﬁc[lggl H:‘lisuredjigltﬁl tl% ﬁjé ? &a 4HSt rating a

I ns nce with the
second_conparat i As il ystrat n FIG 10 al t hou t he spurious

ex

is snaP$3 léonpg%dgtl%a $H%ra'f“| ifugtragi rlﬁ?raﬁ*@og?(%ﬂlr‘ﬁlogs argoynt AR e al - node
spurlous is observed conpared to the first_enbodi nent. As described above,
it is ipdivetien englowiship gifesent fisaudngy enges- ndelEl(E parblenkesinsles fenaie ng t he
inclination region 20 above the gaps 15.

measurement results within the frequency range 42, and a solid line is an approximate curve of

the black circles. Open circles denote measurement results within the frequency range 40, and

a dashed line is an approximate curve of the open circles. The measurement points within the

frequency range 42 are the same as those in FIG. 8.  The lateral-mode spurious amount within

the frequency range 42 is measured when the inclination angle 6 is approximately 24°, 28°, 38°

and 55°.  When the inclination angle 0 is 38°, the lateral-mode spurious is smallest. The

lateral-mode spurious amount takes a local minimum value in the approximate curve when the

inclination angle 0 is around 40° to 45°.  As described above, when the lateral-mode spurious

around the frequency range 42 is a problem, it is preferable that the inclination angle 9 is equal to

or smaller than 45° as illustrated in FIG. 8. On the other hand, when the lateral-mode spurious

around the frequency range 40 is a problem, the best inclination angle 8 is different from that of

the frequency range 42.  According to FIG. 12, it is preferable that the inclination angle 6 is

equal to or larger than 30° and equal to or smaller than 50° in order to make the lateral-mode

12



[0030]FIG 11 is a diagramillustrating characteristics of the conductance
agai nst the frequency. FIG 11 is an exanple illustrating a relation

bet ween the frequency and the conductance, and a resonance frequency and
the like do not correspond to those of the first conparative exanple and
the first enmbodinent illustrated in FIG 6A and FIG 6B. In the exanple of
FIG 11, the resonance frequency fr is around 1750 WMHz, and the
anti-resonance frequency is around 1810 MHz. Here, the | ateral-node

SPUr i Qpsridus afloagsdquliag ot Bhale thanteroak-9meehdShe fle@utnicit=npé 10.a Fur@atheney
range 40 between fhe resonance frequency and the anti-resonance frequency,

and a thea&%ﬁ@troﬁggga a%&%tbﬁ%%\dgggg Qudt o bEAHEN Rk B3GR ¢ 8a13b eyagazlkpt an

anti -resonance uency. thon to t requency range ) e

| at er al - mode riou unt, agaj nst .the_inclination angle 0 ,is also
onsurtSs T TR et FreBaaneS PRAGET i Sp oS sRRch O sRHE a4, SHR
illustrating the |ateral -node spurious anmount agai nst the inclination angle
wi t hi ehariagteastiernt Urerasquasigoyave saylessgenpiglirddy being normygalized by Eieakavg

measurenent results within the frequency range 42, and a solid line is an
appr oxiftet ezousticweavef Tlne, the akingtioncdngle.0 dgeenotcieparidem XderiderioreddGr Bhent
results wthin the frequency range 40, and a dashed line is an approxi mate

curve @h bt Bencaoad @i 4 @bdstor hiMnd B ATRIDIRRnapOE fibquendyt hi n the frequency
range 42 are the same as those in FIG 8. The |ateral -node spurious anount

W Ehi b [T agURIRY i ARYEs AkphdinfRANY ffleNiffcd Bant BlcLaRIIAN ARG O 1S
approxi mately 24, 23, 38 and 55. When the inclination angle 0 is 38, the

| at er g] - mode .spurious i.s smallest. The.latearal- e ' takes a
| acal s Rt m P e P et & e o bR GRTBHb oe
is around 40 tq 45. As described abgve, when e latera] - e uri,ous

ar oundh¢ Hectrqdg dingers ¥ 33 %iﬁ‘g]é%tl@dit e 510§%19Pélﬁgle iO%’f C PR, ?%??n%gheﬁs@?ctvﬁe
inclination angle 0 is equal to or smaller than 45 as illustrated in FIG

8. On fillel dotghimst thaneher swréase ofithe|salpsenetsl Lon eeuat puatilevae tharotflidnd Bevaf foefuency
range 40 is a problem the best inclination angle O is different fromthat
of t henfatlegiensy’. r Thgendides Beappraisnbe berdiniddekBurious eseciptlefethabthe t hat t he
inclination angle 0 is equal to or larger than 30 and equal to or snaller

than 5@qubhc@rae 40BeRRES tehBsondt @Alquémyand BRUhii Q&R naTR YR ua@yal to or
smal l er than 0.0025 S around the frequency range 40. Furthernore, the

| el | nakholA0g € H%’gﬁe B BpRLAHe aRAdBALALIERIB b ALO R Bl 37 Ad equal

to or u preferably “equ to or larger than 35
and e | to or smaller than 45 The characteristic of the acoustic wave
can b@”ﬁéﬁég%ﬁr?gg%ﬂy”ﬁﬁFﬁ CH&#HE1P§ed by the wavel ength A of the acoustic
wave. Thus, the inclination angle 0 does not deeﬁgd on A.. Therefore, FIG

12 carl09Blgenéihsd &aermabtype pleeHiistinr e A the P regighis seistant

frequency. [0032] According to the first enbodi nent, the upper surface of
t he diielagcemagaticni directioh eflneaie acoustic wave as described in the first embodiment. [t is also

considered to apply apodization weighting that applies weighting to the overlap region in order
to suppress the lateral-mode spurious. In the first embodiment, it is possible to suppress the
lateral-mode spurious, and the apodization weighting is not necessary. Furthermore, an
apodization weighted resonator may have the inclination region 20 in the gap region 50 as
described in the first embodiment in order to further suppress the lateral-mode spurious.

[0034] Although it is sufficient if the inclination region 20 includes at least a part of the gap

region 50, it is preferable that the upper surface of the dielectric film 14 is inclined across the
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the gaps 15 is inclined against the upper surface of the substrate 10 in
the extension direction of the electrode fingers 13a and 13b, and the
inclination angle of the upper surface of the dielectric film 14 agai nst

t he upper surface of the substrate 10 is equal to or larger than 30 and
equal to or smaller than 50. This enables to suppress the |ateral-node
spurious especially within the frequency range 40 between the resonance
frequency and the anti-resonance frequency. Furthernore, it is possible to

SUPPr €§frelr E@oﬁi@&fv@% 2081 9hs Maktak hiHG PesRUge. ther e sirdambodihent. and 11 b
can be covered with t e dielectric film14. [0033]Called a normal type

el ect rg'@?e ! ﬁlgar ecﬁﬁé}%h%{re& hé"ﬁ%e%ﬁ n’in?i% SBLYr%ulsapTﬁc?ﬁkﬁ)rﬁtibﬁ ré‘gﬁ)d?lsimgy ' n a

propa acous wave as describedn the Tirst
enbodi nment is al so consi pl zation weighting that

appl i é%"l\}géagﬂ’i’t“i‘?*fdh‘?‘b"eflﬁ%re@ dﬁ% gﬁ‘é%?‘ﬁﬁ’a’i '?‘/?g'tf)’gﬁlglf‘ to suppress the

| at eral - node spurious. In the first enbodinent, it is possible to suppress

the | 400354l - nBerghespanei baiim dneknepeoldpodickeaticSimyidiogrbs ﬂ@“ﬁ'(’ée A8EeThétdessary.

Furthernore, an apodi zati on wei ghted resonator may have the inclination
r egi ond03b s differegamni ehgifin thidkexss othe dichettici filmt Heorf the bus lembbldiangib.i n
order to further suppress the |ateral-node spurious. [0034] Although it is

suf fi cipgdnables i\RaltenBé indRAAtRA of BRI dMledle filke | Hdiasealic dopass withpatrekp@ding he gap
region 50, it is preferable that the upper surface of the dielectric film

}ﬁ kfé?ﬁﬁksg?gbﬁﬁ%fﬁﬁ%éﬂglfﬁak?ﬁgﬁhﬁghon above the gaps 15 as illustrated

and Irst enbodinent. This enables to further

A L e i

[ 0035] Furt hernore, the f|In1th|ckness th%'? dle%ec f I m 14 o hthe
el ect ringlmatiomelahe uppss sufage pBieidicleptnq fhme H 1sargen thanethe %ﬂi‘ﬂi‘@%ﬁ%g D%t the
dielectric film14 on the bus bars 11 a and |ib. This enables to nmake the
i ncl i nepbong ofmt-Heped ebduides L2aandri2h4 Bbis veabidsdo fapher rhegithhasqbstEx posi ng
surfaces of bus bars 11 fromthe dielectric film 14. [0036] Furthernore, the
di f f engnreen ofe litelanmblié kheBslihdtiohhegich 20.eCThetafort) it mpbdsiblavsBathby t he

suppress the lateral-mode spurious.

[0037] A description will now be given of a first variation of the first embodiment. FIG

13A is a cross-sectional view of a resonator 102 in accordance with the first variation of the first

embodiment, and FIG. 13B is a plain view of a part of the resonator 102.  As illustrated in FIG.

13A and FIG. 13B, the dielectric film 14 in the bus bar regions 54 is thicker than the dielectric

film 14 in the overlap region 52 in the resonator 102 in accordance with the first variation of the

first embodiment compared to FIG. 1A and FIG: 1B of the first embodiment.  Other structures

are the same as those of the resonator 100 in accordance with the first embodiment, and a

description is omitted. The dielectric film 14 in the bus bar regions 54 may be thinner than the

dielectric film 14 in the overlap region 52 as described in the first embodiment, and vice versa as

described in the first variation of the first embodiment.

[0038] A description will now be given of a second variation of the first embodiment. FIG.

14



inclination of the upper surface of the dielectric film14 is |arger than
the filmthicknesses of the opposing conb-shaped el ectrodes 12a and 12b.
This enables to further reflect the acoustic wave in the lateral node in
the inclination region 20. Therefore, it is possible to further suppress
the | ateral -node spurious. [0037] A description will now be given of a first
variation of the first enbodinent. FIG 13A is a cross-sectional view of a
resonator 102 in accordance with the first variation of the first

enbodi Nt o caRELs&hiGhal VaBy bfSa Rsdafi N0Y iPWcOlamtePal thofecbitevarpsonal e 102. As
illustrated in FIG 13A and FIG 13B, the dielectric film21l4 in the bus bar

regi O'k%rsée%ﬂo%ipﬁé}h,%ggﬁqé.%ﬁ it lea@li ﬁk@%gfhﬁagﬁfgkﬁ@rés%n&& fdae a\efidaRel &gi on 52

in the resonator i n accordance w rst variation of the first
enbodi nent, co re FIG .l A and FI B of. ;the. first.enbodi nent,., O her

ot r uetiPeL Ao e dumay 9ol Brdamirtrindorapbme pbd i 2o PR e i th
the first enbodi nent, and a description is omtted. The dielectric film1l4
in theelmtr§d¢ﬁalr2braégi1%mreéepamyn6@eﬁ%ﬂﬁﬁ@filrwﬁl&ﬁ of His ofith eegtrade fipgsinldx in the
overlap region 52 as described in the first enbodi nent, and vice versa as
descr idnéd3b in the@esbhatet 104ain iaatordmcotvith the skconsltvag atixodiitenficst frolgRiBhent
description will now be given of a second variation of the first

enbodi ggiparedfth BIG. 14Ant FIG, 16¥ 6RBe BRCEmbitthemi €Whe furAmy eRomadedingtB4 7a n
accordance with the second variation of the first enbodi nent, and FIG 14B

is a i i f i in FIG 14A
ond R 1 Bl (B R palsiLEe BRI ey Ao b B

conb- shape | ect r.ode b and 12a are.lo ed.in. t ' ' tion
of t1 pReBpds b LAFR P Aoyt RSk "t e b R ATS el G
accordance wth the second variation of the first e onpared to
FI G |SBPEPHOTEPE  QBeYrueEesars e SuRhHSHPRSHR F{éﬁéﬁa%qﬁ ‘é@%“?ﬁﬁé fingers
17a and 17b are connected to the bus bars 11 a and 11 b respectively.

Regi orsnlidiméns, atd mrdgsasiptien isoukitted. ngeeslunmay elprirody ngere 1 tandyl 7p 84y dSs 56.
The inclination region 20 is forned in the gap region 50. O her structures

ar e t heosidektoake tehameori 104 b Gesclifedan theFHeGntiBragbtidrhet the fist embdsadententhe and a
description is omtted. The dumry el ectrode fingers 17a and 17b may be

provi dgdidaBok R2idnEROAAL REIUAOF pasS oIS 6Udrlededitn 5N EhSRGMALregRNE 84 hthof the
first enbodi ment. The incli naF| on region 20 may include a part of the

over | a(@\l’ﬁl’ﬁ?%:ﬁ% n§%6. t ﬁa’e &Hﬁm? gl%gfc?%i egbﬁloﬁﬁ?irtg?ﬁ?t%mfoﬁﬁgbﬂ?ﬁh 56. The

dumy ec e my be prov rrst, t ourth or fifth variation

of the first di nent,. [0039] A description will now be given of a third
vari at YBRIGt Oftﬁg%fﬁt P@EO‘BW%’iStdi nent. FIG

[0039] A description will now be given of a third variation of the first embodiment. FIG.
15A is a cross-sectjonal view of a resonator 106 in accordance with the third variation of the first
embodiment, and FIG. 15B is a plain view of a part of the resonator 106.  As illustrated in FIG.
15A and FIG. 15B, the inclination region 20 includes a first inclination region 20a and a second
inclination region 20b in the resonator 106 in accordance with the third variation of the first
embodiment compared to FIG. 1A and FIG. 1B of the first embodiment. The first inclination
region 20a is inclined so that the upper surface of the dielectric film 14 declines from the overlap
region 52 side toward the bus bar regions 54 side. The second inclination region 20b is inclined

so that the upper surface of the dielectric film 14 ascends from the overlap region 52 side toward
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15A is a cross-sectional view of a resonator 106 in accordance with the
third variation of the first enbodinent, and FIG 15B is a plain view of a
part of the resonator 106. As illustrated in FIG 15A and FIG 15B, the
inclination region 20 includes a first inclination region 20a and a second
inclination region 20b in the resonator 106 in accordance with the third
variation of the first enbodi nent conpared to FIG | A and FIG 1B of the
first enmbodinment. The first inclination region 20a is inclined so that the

upper &8 bhiae r@fiods3e sficel e8¢ fiksCintithdflondeSl@CIane oochie®m thbevaMpideagh $20i on 52
side toward the bus bar regions 54 side. The second inclination region 20b

is i nc%]&@&qhggag prQ@Bn 5§ eang gr&%c 13&&%&58{ qg%ﬂﬁ ez‘éh‘?é I%E t€d & thd blpdAcgRAENAS

fromthe over tovvar regi ons 54 side. The

first ion re als | ocat ed..at. t he .ov Ja 2, si.de of
thegatd WIahe 58, =il SEner Gietrad Rerrhaticb A Ry rbR Bob R BB *t ne
bus bar regions 54 side of the g ion 50. Furthernore, the_jinclination
regi orfegigny &* fige of 16e lckieption regien %(85 ggr %‘@@ﬁu&ﬁ@%@e sapreasghoseieFIG dAi nat i on
region 20. O her structures are the sane as those in FIGIA and FIG 1B of
t he fiagtFlentibali thefitst emhalimentesrstd dascriptiongs omittetle dTheTinelinatioh ragiani 3 r egi on
20 may include the first inclination region 20a and the second inclination
regi onmaPhclde drIBstiRedaiith eh@nbi bt Masdodhd anlindtionregin 264 asakboibednt . 1 n
addition, the inclination region 20 may be formed in a part of the gap

regi onyp 911rdﬁ}éf151h&f mﬁ@ﬁrs%hib&ﬁtlnbﬂat TPRARRG e q@clﬁlfitxénr}%%lt)h B8 tnalyBE! i Nati on

region 20a may be the sane as or different froman inclinationh angle Qb of
t he seg ond incli ion r 2 . . ef t -at ast one of
the in Fri“h |ao°r?ﬁ°§ttnee%‘pfﬁgq %rth Org aH mh%t 5‘*% (e % and equal to
or small er than 50, IS rmre ref bIethat oot h.of t clination

angl esine¥pasifp regip0a “@e{&éﬁ § g ras |0556§Fenf fram 2ggn watl%fu%ﬁgr @idre Shend or
than 50. Furthernore, it is preferable that the inclination angle Ga is
equal inglinstion sgipar2Obhait igprefamblethatat lqast ane of sl indinatipmengbs e andPliisr t o
distribute the acoustic wave propagated to the extension direction of the
el ect ragel tbionteges tHha 302 me dfdibl to[od 86l oA tidasOri pltiisomoneiprdfenables thee bgihwén of a
fourth variation of the first enbodinent. FIG 16A is a cross-sectional

Vi ew ofe gheliffRAGhSks dDfhd b RE 6QaPRNE Sarkérithant 108 ah@bdlahtov@ shialléRaroio°t he
first enbodl ment, "and FIG 16Bis a plain view of a part of the resonator

108. }nlfb% r@&ga?efieﬂabi'é't&t t%Qﬁtm%%g Fhfdle 68eq %&%rg hiE§drng e{lﬁdlm l4a

is forne on the electric he se |ncI|na ion

region 20b and t reqgi.ons.54 of .the resona n.the fourth
Lol s SeaiS ol i e o HERiERG R ek Wyt SRR IRGREbE S, o L he
first enmbodi ment. The dielectric film1l4a is a silicon oxide filmfor
exarrpl@recwm‘é@m%?lﬁ%‘tdﬁr@geﬁr g2 bl ¥ane as FIG 15A and FIG 15B of the

third variation of the first enbodinent, and a description is omtted.
[0040] A description will now be given of a fourth variation of the first embodiment. FIG.

16A is a cross-sectional view of a resonator 108 in accordance with the fourth variation of the

first embodiment, and FIG. 16B is a plain view of a part of the resonator 108.  As illustrated in

FIG. 16A and FIG. 16B, another dielectric film 14a is formed on the dielectric film 14 located in

the second inclination region 20b and the bus bar regions 54 of the resonator 108 in the fourth
variation compared to FIG. 15A and FIG. 15B of the third variation of the first embodiment.

The dielectric film 14a is a silicon oxide film for example. Other structures are the same as FIG.

15A and FIG. 15B of the third variation of the first embodiment, and a description is omitted.
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The filmthickness of the dielectric film14 may be thick in a part of the
gap region 50 as described in the fourth variation of the first enbodi nent.
[ 0041] A description will now be given of a fifth variation of the first
enbodinment. FIG 17 is a plain view of a resonator 110 in accordance with a
fifth variation of the first enbodinment. As illustrated in FIG 17, the
inclination region 20 is | ocated between the gap region 50 of the IDT 12
and the reflectors 16 of the IDT 12. O her structures are the sane as those

~of t herHaRNALRIesd OOhé BicREARI FHANCANNY Eélhich@néﬁé@bftﬁgﬁgﬂtegﬁﬂtso agnd a
description is omtted. It is sufficient if the inclination region 20 is

| ocat e&ésdrf%e?ﬂk%mg?tﬁn{h%h %tf?gﬁllsp;ﬁbo’]d%ﬂerﬂnd 12b as described in the fifth

variatron o nment example, it is sufficient if the

i ncli on, 20 is | ocated on ion T 12.

[ 0041 bTS . b &tleiofion WU g B &R PL i bR A S PRy s B D e
and the variations of the first enbodinent, but it is sufficient if at

| east ipaplait viewe! 8 isenatan d 010 agroriaperswih a fih virigtion; gl theylirsy embedpnemoel ectri ¢
substance. Second Enbodi nent [0043] The second enbodi nment is an exenpl ary
filterAsidlusthaedaiodlS1i7¢cthadrndinatdon region B0 @ lodBed lsetweani the gaptregivadh ahthef a

| adder-type filter 115 in accordance with the second enbodi nent. As

i Il ustipgt iechnidthedleffectd8 .1 6 SE tHeD TT 125 O WA kGuchired e GugamS3s &foge chthaect ed in
series between an input termnal Tin and an output termnal Tout. Parall el

resongLoh bl 1 G £rdhRe Wﬂﬂrfﬁ&fh%gerhﬁbdﬁﬁ%lﬁl el 2 RSLYRRR 1st AQRickPUE it er m nal

Tin and tﬁe out put term nal e of the parallel resonator P1 and

One
aoder T iRt B el rop eadduented et e Do do B BHR e e s

resonators Si through S3 and the parall el Esonato s Pl ngﬁgre f or med

on t helesybst imthe fifth Vﬁﬁ%‘f%féhﬁ@%%h’c@é‘??rltm exqiRBlegit s Sé‘ fors Si

t hrough S3 and
inclination region 20 is located only in the gap region 50 of the IDT 12.

[0042] The substrate 10 is a piezoelectric substance in the first embodiment and the
variations of the first embodiment, but it is sufficient if at least one of the substrate 10 and the
dielectric film 14 is a piezoelectric substance.

Second Embodiment

[0043] The second embodiment is an exemplary filter as the acoustic wave device. FIG. 18
is a circuit diagram of a ladder-type filter 115 in accordance with the second embodiment. As
illustrated in FIG. 18, series resonators S1 through S3 are connected in series between an input
terminal Tin and an output terminal Tout. Parallel resonator P1 and P2 are connected in parallel
between the input terminal Tin and the output terminal Tout. One ends of the parallel resonator
P1 and P2 are connected to a ground Gnd.

[0044] FIG. 19 is a plain view of the ladder-type filter 115 in accordance with the second
embodiment. The series resonators St through S3 and the parallel resonators P1 and P2 are

formed on the substrate 10 having a piezoelectricity. The series resonators S1 through S3 and
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the parallel resonators Pl and P2 are the resonator in accordance with the
first enbodi ment or the variations of the first enbodi nent. The resonators
are electrically interconnected via wirings 22. Each resonator includes the
I DT 12, and the reflectors 16 sandwi ching the IDT 12. [0045]FIG 20 is a

di agram depi cti ng neasurenent results of pass characteristics of the

| adder-type filter 115 in accordance with the second enbodi nent. Each
resonator of the |adder-type filter 115 of the second enbodi nent has the

same shé parhi] GesBfatb P 1 88 PP atelhe Adbhatdr ih B&ofdahsd wRtredirsrRAtbodinidit whtheh FI G
6A i s neasured, and has an inclination angle 0 of 35. Each resonator of the

| adder . LyR& sl Itﬁquﬁtgefmg)%agﬁénp |16, GRIRGLAL rY Bl G%EATR! iﬁﬁe&%ﬁnéc&% v?@*maringg ructure

as the resonator e first conparative exanple wth which FIG 6B is
ed

Cpori s EPehinoiRe AEEs HRaDIS 2 it rol PR SRR Rl R 55 compar e

to the third conparative exanple. [0046] The filter can be fornmed by using

t he filPe4SlenbE5Hp et a diagramiepicapg MepaRanet rashlés ¢fippsy charpist s of thes
described in the second enbodi mrent. The second enbodi nent is an exanpl e of
t he | deldber-typy fidtef 115tieraccondance wih tha storsidpdwidimesnt. deachmesoxatei eiithons of t he
first enbodi ment nay be used to a nultinode filter. Thus, it is possible to

suppr gg&dettype Il | M dffthdsebhirl @atsosinaand had B0 dathdhiricpas sdxhaeksosat@rioond t he
resonance frequency of the series resonators Si through S3 in the

| adderpt ¥R ehbddifknt with &hen iR i aRdsurdd) anPRESRINDInhSorAd L L 33e.

anti-resonance %requency of the parallel resonators Pl and P2. Therefore,
be- wi 171ch Feop S By Rgrritpedf e Hhed SARRLOE Bintd G B0 1°
ant | - BB 1 ¢ GLHE S GO PHERYS GRBA HFEEl 1 08 P8 hershand, t he
inclination angle O of the parallel resonators Pl and P2 is nade to be
smal | élusttatad i 51G.PRi sripplebiussd bothslpprabmede sparrions within titoppsstapd is sssdl iar ound
the anti-resonance frequency of the parallel resonators P1 and P2. For
exanplte second embodiment as compared to the third comparative example.

[0046] The filter can be formed by using the first embodiment and the variations of the first

embodiment as described in the second embodiment.  The second embodiment is an example of

the ladder-type filter, but the first embodiment or the variations of the first embodiment may be

used to a multimode filter. Thus, it is possible to suppress a ripple within the passband.

[0047] The passband is around the resonance frequency of the series resonators S1 through

S3 in the ladder-type filter. On the other hand, the passband is around the anti-resonance

frequency of the parallel resonators P1 and P2.  Therefore, the inclination angle 6 of the series

resonators S1 through S3 is made to be within a range of 30° to 50° (e.g. 45°). This enables to

suppress the lateral-mode spurious between the resonance frequency and the anti-resonance

frequency as illustrated in FIG. 12.  On the other hand, the inclination angle 8 of the parallel

resonators P1 and P2 is made to be smaller than 45°.  This enables to suppress the lateral-mode

spurious around the anti-resonance frequency of the parallel resonators P1 and P2, For example,
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it is possible to suppress the | ateral-node spurious around the
anti-resonance frequency of the parallel resonators Pl and P2 easily
regardl ess of the variability of angles by making the inclination angle O
of the parallel resonators PI and P2 300 for exanple. Therefore, it is
possible to further suppress the ripple within the passband. [0048] As
descri bed above, it is possible to make the inclination angles 0 of the

| DTs 12 different fromeach other in the acoustic wave devi ce having

mul ti pt B JoBisle 3@supbRiss 8% Mk Pmolld1§hukioed drbadd @8 adResencd feqiRae, dfahde 30 to
50 in the resonator desired to suppress the | ateral -npode spurious between

the reg 9&3@9@5 l{a'%o‘%gg%%pf%lw%msg ofﬁ%%ﬁz{b‘fﬁg m&yerng%a@g%srabl y, it is

made to e Inc tion angle e equal to or

smal | er n 45 i e resgnator, d res t er.al - node
Spur i ugaRgy ARels Rat B phERE ek ReE T &8 D SRR B an e RIS rmde to be
equal to or smaller than 35, further preferably, to be equal to or smaller
t han Sﬂmﬁﬁﬁﬁ%ﬁéﬂﬁbﬂé@“ﬁ%ﬂﬁuK?HEVmﬁﬁHﬁﬂ@§§aWhe | at eral - node spurious. As
descri bed above, it is possible to make the inclination angle O of a first
| DT i néD4Rled iAs debreibsdrbwes, it egonsiblorts m8ke thiernolighti®3angles Pl thetlDils d2n t hat  of
a second IDT included in the parallel resonators P1 and P2. [0049] The
secondiigeladi-¢m Bhchriler WS thetabsustie sanalil®ficd Haviagearitsia ceTsv 2. h Fohexangrd,at i ons
of the first enbodi nent besides the resonator in accordance with the first

embodi {e fciingk[n'g l%@@ﬁaﬁ@fbtbe[ﬁeﬁpk(’ﬁ ih i s paRpdidmRato fupprEs d¥enpl ary RF

(Radi o Frequency) nDduI FI G Is a block diagram of a nodule 70 in
accor anc nbod nt t he nodul e
70 e LT g &algmuatvata%ﬁ% Sroy R regh and b BRI b L buchy, (7o
f||ter Qw noi se anplifier 76 and a reception filter 77. The dupl exer
73 has''f eratbgw mage DAL 43" andhe b epiion;agalsl) is mapsia e syl iher alfe

transm ssion termnal Ttx. The transmission filter 75 filters the

t r ans rthasd Prin shegrsinatordesifsd wesupargss theilderalrmodenurippegrownkibe prtirssPsron
signal. The filter 71 of the duplexer 73 filters the transm ssion signal
and oufrguescyt h@rdferalrig i s snadln tebgeaplal towr tinellanbardds, fugher peferablyto.beThe
filter 72 of the dupl exer 73 suppresses the | eakage of the transm ssion

si gnal equgl th e sth@¥r MRinSB° aNMPhik bhles £6 fiiidesupPrasehe MiteraPmdil@ipations iAput to
t he antenna term nal Tant. The fllter 72 of the duplexer 73 outputs the

T eceptdeg& QBS’ve $Qs %&%bl]eq}')\’n{h% ah{gl fig 1/ 8of ARt fDT h%fudZé-mQBe thRs

| exer pr ess Iea e receptlon S|gna he pomer

o 'e%fﬁﬁéé‘sr e S s N
it to ﬁpgmﬁ%feption term nal Trx.

[0049] The second embodiment may use the resonator in accordance with the variations of

the first embodiment besides the resonator in accordance with the first embodiment.

Third Embodiment

[0050] A third embodiment is an exemplrary RF (Radio Frequency) module. FIG 2] isa

block diagram of a module 70 in accordance with the third embodiment.  As illustrated in FIG.

21, the module 70 mainly includes a duplexer 73, a power amplifier 74, a transmission filter 75,

a low noise amplifier 76 and a reception filter 77. The duplexer 73 has filters 71 and 72. A

transmission signal is input to the transmission terminal Ttx. The transmission filter 75 filters
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[ 0051] At | east one of the filters 71, 72, 75 and 77 may be the filter of
the second enbodinent in the nodule 70 in accordance with the third
enbodi ment. The nodule 70 in accordance with the third enbodi ment can be
used as an RF nodul e for nobile communication such as nobil e phones for
exanpl e. Besides the third enbodi nent, the resonator of the first

enbodi nent or the variations of the first enbodi nent can be used to the
nodul e. [0052] Al t hough the enbodi nents of the present invention have been

descr ithegadsmigRinaidnal. | TThe pewkbtanidifiende anplsh thhainsiligidprsgment Thevigwti on is
not limted to these specific enbodi nents, and the various change,

DSt L 0071 TR ) i B R g L g 1o 1o

Eggg?%@%ﬁg@%&%%ﬁg&%%iiﬂ{%ﬂgﬁ?% ?ﬁtrhfe i%l%&’exe%%@%gggésssgsat%g ?eageltg%%%h%de 136.1’
transmission signal to the low noise amplifier 76 side. A reception signal is input to the antenna
terminal Tant. The filter 72 of the duplexer 73 outputs the reception signal to the low noise
amplifier 76. The filter 71 of the duplexer 73 suppresses the leakage of the reception signal to
the power amplifier 74 side. The low noise amplifier 76 amplifies the reception signal. The
reception filter 77 filters the reception signal, and outputs it to the reception terminal Trx.
[00511 At least one of the filters 71, 72, 75 and 77 may be the filter of the second
embodiment in the module 70 in accordance with the third embodiment. The module 70 in
accordance with the third embodiment can be used as an RF module for mobile communication
such as mobile phones for example. Besides the third embodiment, the resonator of the first
embodiment or the variations of the first embodiment can be used to the module.
[0052] Although the embodiments of the present invention have been described in detail, it
should be understood that the present invention is not limited to these specific embodiments, and
the various change, substitutions, and alterations could be made hereto without departing from

the spirit and scope of the invention.

Description of Letters or Numerals

[0053] 10 substrate
11a, 11b bus bar
12a, 12b comb-shaped electrode
13a, 13b electrode finger
14 dielectric film
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15gap l6reflector 17a, 17bdummy el ectrode finger 20inclination region 50gap
regi on 52cross regi on 54bus bar region CLAI M

15 gap

16 reflector

17a, 17b dummy electrode finger
20 inclination region

50 gap region'

52 ' Cross region

54 bus bar region
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1. An acoustic wave device characterized by conprising: a substrate; a
dielectric filmformed on the substrate; opposi ng conb-shaped

el ectrodes | ocated between the substrate and the dielectric film each of

t he opposi ng conb-shaped el ectrodes including an el ectrode finger, wherein
at |l east one of the substrate and the dielectric filmis a piezoelectric
subst ance, an upper surface of the dielectric film which is

| ocat ed above a gap between a tip of an el ectrode finger of one of the
opposi ng comb-shaped el ect rodes andifmersot her of the opposi ng conb-shaped
el ectrodes, is inclined against an upper surface of the substrate in an
extension direction of the electrode finger, and an inclination
angl e of the upper surface of the dielectric filn1against t he upper surface
of the subshrate i\S e and. equal to or smaller than

500 . e acoﬁgﬁﬁﬁuﬁ&&@v%@VT%ﬁ£§@98?ﬂ%23 C8PEPEFmM 1, characterized by

that the upper surface of the dielectric filmis inclined across an entire
regi on abovést a@ap 3. The acoustic wave device according to claim1l and
2, characterized by that each of the opposing conb-shaped el ectrodes
i ncl udes t he didlestiia Dldefobmadjen thesdbsgrateuis bar, and a fil mthickness of the
dielectric filmon the electrode finger is different froma film
opposing comb-shaped electrodes located between the substrate and the dielectric film,
each of the opposing comb-shaped electrodes including an electrode finger, wherein
at least one of the substrate and the dielectric film is a piezoelectric substance,
an upper surface of the dielectric film, which is located above a gap between a tip of an
electrode finger of one of the opposing comb-shaped electrodes and the other of the opposing
comb-shaped electrodes, is inclined against an upper surface of the substrate in an extension
direction of the electrode finger, and

an inclination angle of the upper surface of the dielectric film against the upper surface

of the substrate is equal to or larger than 30 °and equal to or smaller than 50°.

2. The acoustic wave device according to claim 1, characterized by that

the upper surface of the dielectric film is inclined across an entire region above the gap.

3. The acoustic wave device according to claim 1 and 2, characterized by that
each of the opposing comb-shaped electrodes includes the electrode finger and a bus bar,
and a film thickness of the dielectric film on the electrode finger is different from a film

thickness of the dielectric film on the bus bar.
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t hi ckness of the dielectric filmon the bus bar. 4. The acoustic
wave device according to any one of clainms 1 through 3, characterized by

t hat a difference of filmthickness in the dielectric film caused by
an inclination of the upper surface of the dielectric filmis larger than
filmthi cknesses of the opposi ng conb-shaped el ectrodes. 5. The

acoustic wave device according to any one of clains 1 through 4,
characterized by further conprising: |IDTs, each including the opposing

conb- shaped 4el ect madesustd i) devich@cdoRiisg foaane odle bf @aigfit] thivakh Bat i on angl es.
6. The acoustic wave device according to claim5, characterized by that the

IDTs Hﬂﬁ&&%ﬁzéﬂﬁ st DT included in a series resonator of a |adder-type
ilter cond | DT included in a parallel resonator of the

Iadder type f ter the first he s8¢ nd | DF have di fferent
el i nat ] on “dlilrgace ot Him )it & t%%i?ls%f% ADEaES S et RSBl BB ter i
wave device accordlng to. any one of clains 1 through 6.

surface of the dielectric film is larger than film thicknesses of the opposing comb-shaped

electrodes.

5. The acoustic wave device according to any one of claims 1 through 4,
characterized by further comprising:
IDTs, each including the opposing comb-shaped electrodes, wherein

the IDTs have different inclination angles.

6. The acoustic wave device according to claim 5, characterized by that
the IDTs include a first IDT included in a series resonator of a ladder-type filter, and a
second IDT included in a parallel resonator of the ladder-type filter, and

the first IDT and the second IDT have different inclination angles.

7. A module characterized by comprising:

an acoustic wave device according to any one of claims 1 through 6.
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