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 devi ce 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 éEQQFK%“BQB%eSSing radio signals in a
frequency of 45 MHz to 2 GHz such as a transm ssion bandpass filter, a
reception bandpass filter, aAHWLETHRINYENGEAN oscillator, an antenna
dupl exer, an IF (Internediate frequency) filter, and an FM ( Frequency
Modul ati on) nodul at or . ACEIESITHWASBW NI EeNpagCRUTLEDT (I nterdigital
Transducer) including two opposi ng conb-shaped el ectrodes. The conb-shaped
el ectrode has a bus bar and el ectrode fingers extending fromthe bus bar to
a same direction and exciting acoustic waves. The el ectrode fingers of the
opposhggnﬁgggkipaped el ectrodes are arranged in an alternate order. The
acoustic wave 1S propagated to a direction intersecting with an extension
directi@ﬂ of Ege el ectrode fipgers. However, generated is a | ateral - node
spur i 089914 aus &Be Biysenh invartQnstelales i e acougirayatcetrvVics 2ad aimedele; and rejates e

el ectrode fingers. There has been exam ned a nmethod that provides a dummy
el ect rAdeoystic giaee donts-and apperiudd kayineodwmtnshaped gedfodaforekevpleode i nger of
anot her conb- shaped

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

electrode of one comb-shaped electrode to a tip of an electrode finger of another comb-shaped
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el ectrode so as to forma gap, and scatters an acoustic wave in a |lateral
node by making a I ength of the dummy electrode different froma length of a
dumy portion of a cross el ectrode arranged adjacent to the dummy el ectrode
in order to suppress the spurious (e.g. Patent Docunent 1). There has been
known a nmethod that fornms a dielectric filmon an el ectrode finger but does
not forma dielectric filmon a bus bar to suppress the spurious (e.qg.

Pat ent Docunent 2). Prior Art Docunent Patent Docunment [0004] Patent

Docunesidciddd & £H &N, i@t hPRoRammRM e lin Moateriibh rQ AleRahent
Docunment 2 International Publication Panphl et No. WO 2008/ 078573 DI SCLOSURE

OF THE L.NVENTI r ol e enpt i T oustic
wave tog t eed%lg}(n&%\‘&}m%g dgi%g?n&i?o& aeggét ‘é%gag?{rgngtoﬁb\é (?ialc%&ls %f%g%?dfcagﬁgge fac wave
device in which the dielectric filmis formed.on a substrate. Thus, the
met hodtdBeerpae &ﬁtdum&nﬁwlogams%ra%&t@rwpé% SPB%O[{SH%%%&%?%O&U%B% n the

| ateral node in a boundary face between the substrate and the dielectric
fil m Tsveheebeen knowa agnéthpdiiiat forms 8 diglectsic filmeonsalestriode fiages buji dogs mott he
dielectric film Therefore, the suppression of the spurious is not

suf f i cbent dielstradilin sronbusiitaete dubpresethb galirohs {de PRehEDocubeeudent 2 i s used,
a surface of the bus bar and the like is exposed fromthe dielectric film
Thi s mrdecnseaseng reliability. [0006] The present invention was nmade in
vi ew of the above problens, and has an object of

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.



suppressing a spurious. Means for Solving the Problens [0007] The present
invention is an acoustic wave device characterized by including: a
substrate; a dielectric filmforned on the substrate; opposing 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
substance; an upper surface of the dielectric film which is |ocated above

a gap PeiiesNsdvihk hetfroRBme! ectrode finger of one of the opposing
conb- shaped el ectrodes and the other of the opposing conb-shaped

el oot A5, | b DL AEOLATh oRLsHPREL, BUALARE ALl s, hRdate | n an

ext ension 'di rectiron of t el"ectrode an 1 ncltinati angl e of

t he upper surface of .the dielectric film against the upper surface of the
subst rePETS auielsars gl fornsg gafhery ﬁfaé%epaﬁwgéamarsﬁw%&ﬁ’%gﬁ@%‘%?at%dhan 50.
According to the present invention, it is possible to suppress a spurious.
[ 0008] hetwedndhepiboiate erd thg dicdackrénfiln, lsech gf s oppasingeemyphapré clgrterdset ric film
may be configured to be inclined across an entire regi on above the gap.

[ 0009] ihalutling aakkvieodedifcey whateirom leasaate withd snbstoyoposli thgdielenttic Shapea

el ectrodes may be configured to include the electrode finger and a bus bar,

and a fitdodebhicGkPRsie Oh ap?@f tetestiné Giclebhiniom, Wheh & 1ededarvé hager may be
configured to be different froma filmthickness of the dielectric filmon

e bt PO AP Rt E e sy Ll
ERE T R R R YR e TN
| 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°.  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.



[0011] In the above configuration, the acoustic wave device nmay be
configured to include |IDTs, each including the opposing conb-shaped

el ectrodes, and the IDITs nay have different inclination angles. [0012]In
t he above configuration” the IDTs may be configured to include a first 1DT
included in a series resonator of a | adder-type filter, and a second |DT
included in a parallel resonator of the | adder-type filter, and the first

| DT and the second IDT may be configured to have different inclination

angl egqg 1[230 131 a%\}%%_%ﬂﬁ%\lgﬁlﬁqp th DD TsSn PRGRE Surkd 6l ildhdit fREIDT

above-descri bed acoustic ve device. Effects of the Invention
[ 0014].According to the present.inventio Lt i i 0 ess a
Cour  JaSR e et SN Tk RER RO An bl AP R ilofy by PR
cross-sectional view of a resaonator 100 in. accor ith i

resonator of the ladder-type filter, and the 8rst IDlQar{dn the se(%;(()m(gj @f%a%é con 1g]:1{*erdst(t)

have different inclination angles.

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

device.

Effects of the Invention

'[00 141 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. 1B 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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enbodinent, and FIG 1B 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 enbodi nent; FIG 3A through FIG 3D are cross-sectional
views (No. 1) illustrating a nethod of making an inclination region;
FIG 4A through FIG 4C are cross-sectional views (No. 2) illustrating the
nmet hod of making the inclination region; FIG 5Ais a
cross-sectional view of a resonator 120 in accordance with a first
conparglj.¥g.pxanpl e, and FIG 5B is a plain view of a part of the resonator
120; FIG 6A and FIG 6B are diagrans illustrating a conductance
against a fr ney; 4 r 4 I i I
ﬁguf $04, F1G, i]?gre ﬁdﬁ%?%{?ﬁt iflistraill g’ﬁ?gﬂér{ggﬁggg% chgﬁtfdlﬁw@ if Sk

enbodi nent an efirs 0 ve exa FIG 7A

and FIG 7B are diagrans_ i]Jlustratihg an int it f . ti i
The r SEARAEYE eepraaticn Mok taseli spachiEert Apd e dRt AT naREVERAHo first

conpar ative exanpl e respectively, FIG8 is a diagramillustrating a
I ateratsmg'@@hSpuri ous anount against an inclination angle O in the first
enbodi nent ; FIG 9A is a cross-sectional view of a resonator 122 in

accordance WIGH B askapead ilbstupargat hvel-exdappejouaactofit@gaid an sncdingticni n vi ew
of a part of the resonator 122;
angle & 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 10 is a diagramillustrating a conductance against a frequency in the
resonator in accordance with the second conparative exanpl e; FIG 11 is
a diagramillustrating a characteristic of a conductance agai nst a
frequency; FIG 12 is a diagramillustrating a | ateral-node spurious anount
against an inclination angle within different frequency ranges; FI G
13A is a cross-sectional view of a resonator 102 in accordance with a first
variation of the first enbodinent, and FIG 13Bis a plain view of a part
of the resonator id&ircuit diagramok PladidltyhSfiRerQll 9 HSatBRlah@NAikth ¥ i@¥aDT a
resonator 104 in accordance with a second variation of the first
en1:10di<_;§lrr}§oti e%rtld FIG 14Bis a plain view of a part of the resonator 104;
FIG 1 I'S a cross-sectional view of a resonator 106 in accordance with a

third variation aof the first e i men FIG 15B is plain view of a
par t of "t he HGoHae B o i 1adder e rig Fdh ackordsite i@l ew of a
resonator 108 in accordance with a fourth variation of the first
enbodigmhedimenttd 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

vari ati on ofFIGH® if h diraamdepdtitimg micasurement resufed @ &8s ¢leratecisticsuifthedi agr am of a

| adder-type filter 115 in accordance with a second enbodi nment; FI G
19 is 1%@&@3_@ fitice W 50h abdveddnadldah the/Reodd dnitedinddh® and accor dance with the
second enbodi nent; FIG 20 is a diagram depicting neasurenent

resutts of eggﬁzzlggggg)iﬁfﬁg%@%ﬁ% Rbadib o LS At R 4 thirlembddindeh. accor dance
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. [ A 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 21 is a block diagramof a nodule 70 in accordance with a third

enbodi ment. BEST MODES FOR CARRYI NG OQUT THE | NVENTI ON [ 0016] Herei nafter, a
description will be given of enbodi nents of the present invention with
reference to drawi ngs. First Enbodi ment [0017] A first enbodi nent is an
exenpl ary resonator as an acoustic wave device. FIG [Ais a

cr oss- Segwrs dhmind/i Bvoveflamisraasomdepregies2, andusgmd ghthe b barstiie and ¢ By are
enbodi ment, and FIG 1B is a plain view of a part of the resonator 100.
FIG |HuLoirke@spamls 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

silico { de fi s f.Qn r i ] B LELY
such sl EL b uneeg b e s B S et e e iR 2 oph AR R EhE b
Conb- shaped el ectrodes .12a and_12b de .of a,netal filmsuch as ar.e

o e doBER SR D aEe 137 Bt dhe bEra e SmRe RO S haped
el ectrodes 12a and 12b are forned so as to oppose each other, and form an

| DT 12¢leTthales dbahbiied Actegirafdes gapzd Sand sapisghanvd®. elfaveppsteurficagéihe 13a
and 13b and bus bars 11 a and 11 b respectively. The el ectrode fingers 13a

and 13@jeRxtrRlnt D4 sboSMe gipk @6tid Rlind@dbatrRearch@et ste bif tgaibstddal Aimthinl 3b
are arranged alternately. A region in which electrode fingers 13a and 13b

over | apy .5 Adi%abh %gﬁ{e%?éézg?g? gl\n%é}@ g34 gl oS re%ﬁ‘ﬁ iR Wi BAthe u?rﬂf;[rﬁléﬁm del b

are bus bar regions ap 15 exists between a tip o

I r [ : i ncl.uded..i
el ect %%ediéllec?c g %mllelﬁ 1so 1rnc lgebd is gﬁllgc 1%%1«')11”1’6%%% 2?)f tEr(].p(?lal to or more than 30° and

equal to or smaller than 50° is an inclination angle 8 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 0 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 [DT 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.



opposi ng conb-shaped el ectrodes 12a and 12b and the other one of the
opposi ng conb-shaped el ectrodes 12a and 12b. A region of the gaps 15 is a
gap region 50. An upper surface of the dielectric film 14 above the gaps 15
is inclined agai nst 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 film14 is inclined is an inclination region 20.
Equal to or nore than 30 and equal to or smaller than 50 is an inclination

angl e [goﬂj;] t he\ URBEKiSYNVE AGK cRld mﬁe &eb@&ﬁm bifd dhb hféle@élca}ﬂ%' gy thbe upper
surface of the substrate 10 in the inclination region . The inclination

angl e i ncl atl i nclination
angl e Eﬁ?sfyr E%f%ﬁﬁ dqﬁg g&'@?ﬁ t%g I)Y}%Xéﬁp%hrfg%%g Sﬁ)&gmaem%da‘fﬁgﬁatl on region
20, and may be I ar in_the wcglnltyo a cen In this case, the

i ncl i iERAVeRFYdhgmmlie t(i %‘etHH@ Ifost ?%@PFtﬁe‘éPV&ﬁBﬁ}t a%‘?eeil ﬁé"lieﬂéﬁ PRBSAtsH o &gi on
20. [0019]FIG 2A and FIG 2B are plain views of the resonator 100 in

accor déreceonvparpendivalat ko i clsatottifingars. 13FR@! 130 iTheacalisigays wirefldcied byhe
dielectric film14 transparently. As illustrated in FIG 2A, reflectors 16
ar e | asatdgdctats 180t Mhiimass o rédoratbDIVLRnttivnars direseaitbothat miceeeeetithng w t h
the extension direction of the electrode fingers of the IDT 12. FIG 2B is

a di agleainirbdosideateyehcl.heTih &b@s@k%&e?tdpﬁgzﬂeéd RAKk diRetibMEkdraRtihORith €gi on
20, and the IDT 12 and the reflectors 16 are illustrated by dashed lines in

FI G I med
=bove Theeguss JS%?%“& [t Bl Pivq R AATHAS IR ORI
formed fromthe, | DT éFO the refl ec%g ﬁ] 16. The inclina |dotntr§%|ton 20 is
f or medt €810 oA diFTRTAGE TAEOR I CRYSERBY FieRGRIsEC S Ve RgPgskEdrs eélf“@ﬁt rode
fingers of the reflectors. I[30020{ An acoustic wave is excited in th

subst rdirestiaofihelclesieodgifimpers il pd anck 13bm Thupyhe rpeliusies efdee fiekgiicd hl“s‘lé and
13b of the IDT 12 when a high-frequency signal having a certain frequency
i s appiboeethe@aphts ik PRdE & beTinelired ouThis clismaiugestthatconsis: wasmprepagite@th the
propagated to a direction perpendicular to the electrode fingers 13a and

13b. ThenkaustittorwaVie: disctioad fisgrehdundting. r ehdrefotepltss ddsibltb Supprdees t he
resonator 100 function as a resonator that resonates with a certain

resongye ?atérélelﬂH@e”s‘b\ﬁ%onh © FRRRYRbEL (VNS bR qm@m{ A% caR bt B&Fd iR fhgn

|ntersect|ng W th e electrode fingers [3a and 13b is an acoustic wave in

a main gio Syt & i‘i'{ﬁél é;utg}l l l @1k§%ten Bgéurgé}lt 95, BlusHar ?ﬂhgﬁ‘n? ilk? ﬁe ngL é)%gedqpo%

spuri o‘l] cous C Wave propaga nsi on

di rection. of el ectrode fingers, 13a and 1 Thu r surface of

the di'8f é@hﬂ?ftc fim i 14 gis0ve it @O&afé%tol%lpp@swgaée%faﬂa ﬁaﬁl PG “Thi <

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

el ect ri9821)f i ndedescrigionamitl nestbe gvrarcd ponathod of founipgthsiigliaation weopress t he

| at er al - node spurious. Furthernore, the bus bars Ila and |ib can be covered
Wit h tthed@eetreecfilm Gi. f IFIG 3Mthroligh ]Gkl ark eroRaseribndDeEwyelhstratinga mathobar and

the like are not exposed fromthe dielectric film1l4. Therefore, it is

pOssi b En ko SUP RICEESidnhEi6e 90 adad il RBrAkd matIGAdA | thd domH-9R3dd dedlsies it i on
wi |l now be given of a method of formng the i nclination region 20 of the

di el eca{nd' 195 aké f&%@%of ‘Jh%ul:?sﬁ {e%OUQHe Eﬂefé\‘ctrf&(f}ﬁrﬁl ek %e&%?ﬁeﬁgﬁétﬁa\’é

illustrating a net |ngthe|nC|nat|onreg|on l'ustrated

in FIG 3A, the conb-s dele des a and.,1

ubst 14 1 69VEE 6 ST DR LSS (24 337 621 f‘?fel&%w%ﬁa G R Rokdfo as
to cover the conb-shaped el ectrodes 12a and_12h illustrated in FIG 3B,
a phot Ytiegprliedzm th%dlagsﬂrECé‘dmdﬁ t A 1pstptdin FIG ﬁP}WPPhOtOﬁélﬂ 39 esthedbed in
FIG 3C, the photoresist 30 on the bus bar 11 b is irradiated with an

ul t r avbaplléb isl irgdibtewithianhltesiioler laght B¥posunengraskp8ire mesk 33.ushivated in FIG
3D, renoved by devel opnent is the photoresist 30 on the bus bar Ilb

i rradi duaehtod hiIFIGHD, wbhsdigldetelbprgdit is th PR@dledist 30 drust bad & 11 FI G 4A,
the inclination of an edge surface 35 of the photoresist 30

irradiated with the ultraviolet light.



beconmes | arge by postbake As illustrated in FIG 4B, the photoresist 30 and
the dielectric film1l4 are dry-etched by using etching-gas having a smal
selection rati o between the photoresist 30 and the dielectric film14. This
transfers the inclination of the edge surface 35 of the photoresist 30 to
the dielectric film14, and fornms the inclination region 20 above the gaps
15. As[G02RUst r As diisiratef irGFUTAAL e iptlotatipe of an e@B sudfagesifovighic pitieresist 30
inclination region 20 of the dielectric film214 can be forned by the

above- Heg@ids bade By 968bske. [ AQIBJMNaK, in FEE.SAB, €k sHitores s Hd tey @ckotridudinances
in a high-frequency srgnal bet ween the conb- shaped el ectrodes 12a and 12b

of theéﬁgﬁ: dﬂﬁé’%%d asgﬂ-@ s‘Pfa%H GG o) ﬁ:Eu&PfEHﬁrbgMe‘éﬁt (% Esi@nQ the

first reson tor I'n accordance mn e first
errbodlrre is ther i C out e |IIustrated|n FIG I A
t hr oughtt e dicet %@ﬁgﬁg ?@%rar ei3d wnr gl%er gt il oxi de. The

conb-shaped el ectrodes 12a and 12b mai nl !ncluoe Cu. The dielectric film
14 mai phgtoicsist testhe didastir o th anRéypedhe inslihgingthgion 20 eheveshe gapsolde
fingers 13a and 13b are approxi mately 301, when X is a wavel ength of an

acoust iag inaveteddiaF1Gud, idhd sholdiesift oGt kilovad. aThageUsition regive 2deviiee. A
| ength of the gap 15 is approximately 0.251. A filmthickness of the

di el ec g nd 13b is approxi mately

0. 31. %{e P{dﬁ iﬁﬁ%%{s‘bsé%ﬁngiﬁfg{e%lgggét l}?b%ﬁ?éa}#é?es@on t he bus bars 11 a and
libis oxXi The |ncI|nat| s.a oxrnat 35. A

| engt n{E3h b Sek ombestitd Hd mefghict ol B0 S o Dt BRRaTEHgng ediecn
[0024] FIG 5A is a cross-sectional view of a resonator 120 in accordance

wi th t He dombsshapeshglaetandey é2exmuhinbeol thtesmmatrs SBagogrdanegs with the fegt of a part
of the resonator 120. Referring to FIG 5A and FIG 5B, the upper surface
of thecshpiragtd éxanfpld Mmdlifie b embblignggapsSTHbmesufddatsonator he0 reseokage 120 in
accordance with the first conparative exanple as conpared to FIG | A and

FIG  3RnGhe EH:? elfrle&Ene‘ﬁ{TQ%’é fé@&{atorgf%ﬁctﬁtth% %ﬁﬁhﬁ%%lll%t?at&d‘ﬁx ﬁ@TFA%i%oEQ’PS e of

t he resonat or In accordance wth the tirst enbo |nent and

descri 2 and FILG 6B IIustratlng
a condﬁﬁ}%ﬂ%eslﬁrjawﬁ %10 PaaTb elden N pid ool ARSI T it ¢ ho
first enbodi ment and the first conparative exa e res ectlvel .. The

f r equemtegtrodesdraand 1 anmanly inchilsfahc ellerdgladrie fi laflam@nlry@eiﬁé%ﬁlhconsomde

illustrated in FIG 6A, the conductance is relatively snpboth agai nst the
f r equeReypective kagthe sbthatebactrode fingers 13a and 13b are approximately 30X, when % is a

wavelength of an acoustic wave that fulfills the function as an acoustic wave device. A length
of the gap 15 is approximately 0.25A. A film thickness of the dielectric film 14 on the electrode
fingers 13a and 13b is approximately 0.3%. A film thickness of the dielectric film 14 on the bus
bars 11a and 11b is approximately 0.1A. The inclination angle 8 is approximately 35°. A
length of a base of the inclination region 20 is approximately 0.35A.

[0024] FIG. 5A is a cross-sectional view of a resonator 120 in accordance with the first
comparative example, and FIG. 5B is a plain view of a part of the resonator 120. Referring to
FIG. 5A and FIG. 5B, the upper surface of the dielectric film 14 above the gaps 15 is flat in the

resonator 120 in accordance with the first comparative example as compared to FIG. 1 A and FIG.
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100 in accordance with the first enbodinment. On the other hand, as
illustrated in FIG 6B, there are frequencies at which the conductance
becones a local maximumin the resonator 120 in accordance with the first
conparative exanple. This is caused by the | ateral -nobde spuri ous.

[ 0026] Next, a distribution of the acoustic wave in the extension direction
of the electrode fingers is neasured. FIG 7A and FIG 7B are di agrans
illustrating an intensity of an acoustic wave in the resonators in

accor q@&ﬁhé’\ﬁfsherﬁgﬂl%hﬁtﬁ 0%@? O TERe a2l ahe af oSt oCAERALBLI VB0 gxanpl e

respectively. /Aand FIG 7B illustrate the intensity of the acoustic

h d f f
S?Yie'agf%ﬂﬁfﬂcgﬁ%ﬂéaﬁf@wéﬁ? EhelorRad ST RE R RS Ao ontal s

denotes a _positiaon Yin the extenS|on dlrectlon of the electrode fingers 13a
and 13B92%nd 5% &pArand EG. OB e divgspmedllustgiings %\‘HE‘H?H‘E“&‘S%‘P?‘FJ%@“?“%F“? he
acoustic wave. As illustrated in FIG 7B, a third-npde acoustic wave in the
| at er dhe m@tdrsin@cwrdweiwithtth@ﬁmemb@pbmp@gind@%@Sh@@%@ﬁ\f@ pramiles bar
regions 54 in the first conparative exanple. On the other hand, as

i |1 ustregpeatlelyn Fh&ieduncaisl addugd anunthessondnch figiuantylef theodena@oudki ¢ waves
are excited in the first enbodinent. As a result, unlike FIG 7B, a certain

st r ongiN@RdGH RS, 6ADER c%ﬁdﬂé%inl:&s\%@i‘dﬁvélﬁsrﬂ&ﬁh @g%hgt af frdg Q82 7 e résepasat or s
100 having an inclination angle 0 of 80, 70, 45, 35 and 33 are nade in the

first %61?1? QACBFCB ée \gﬁ'lfgl% drﬁteﬁ{b%hm{g?lge GPHE 0%? hfrm? H@ﬁluﬁgﬁéﬂﬁtﬂé%, there

|ncI|nat|on ang

are frequencies at which the conductance becomes a local maximum in the resonator 120 in
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 1 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 0 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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is neasured. FIG 8 is a diagramdepicting the | ateral -node spurious anount
against the inclination angle 0 in the first enbodi nent. The | ateral - node
spurious anount is a spurious amount of the |argest spurious in diagranms of
t he conduct ance agai nst the frequency such as FIG 6A and FIG 6B. As
illustrated in FIG 8, the | ateral -node spurious anount is |arge when the
inclination angle O is large. As the inclination angle O becones snaller,
the | ateral - node spurious anmount becones smaller. Especially, when the

i ncl i natdefdN9lieG & Oi%)%d A déﬁ@t&@_tﬁm{&ﬁm&d@% ARis abld8nd Rhigkahe Mode

spurious Is rarely ser his”is because the wdth of the inclination

region 20 bhecones, natrrow when..t he in¢lination, angl.e 0 _be ) e, and
he. viamage o1 o Ronf A v fon 196 1t AR SR Sucrb i nEh et Bhds sal 1
[0028] FIG 9A is a cross-sectional vieM/gf a resqQnator_ 122 in cc%; ance

wi th Arabeidhe Brgsal RETIQ 18 diagpnes, of dhrgcopfiestangpagainst the fganensy st HlCpart of
the resonator 122. Conpared to FIG 1A and FIG 1B of the first enbodi nent,
t he i rfed amkllGofB r edys dlustzded & HlGch tledlajernl mngle spiericyia emowyi ip ggesuhendi t he
upper surface of the dielectric film 14 above the gaps 15 is flat in the

r esonahélinatid? andle @dageansetheiiddiinktieh sglonisbcomapsmnadler, tiee lateariplode as
illustrated in FIG 9A and FIG 9B. O her structures are the sane as those

of theyrasaANAIRN Q&Qmia@sr@%mda?@&aw e 1@ iddlihaioreHoRd) WRAlal t6td a
description is omtted. [0029]FIG I0 is a diagramillustrating a
conduct e FNSL f ney: 1 n.t Orpyl: N ' t he
cecond EREURaRy Y B sl FRE R Ry B3R DTG RB TRl he
spurious.is snall npared to the fjrst conparative exanple, | ar.

Bt er anclfgien St S TESBEEI BB BAFRAIOD gnEIRE PEPRE RE.S8F ST
descri bed above, it is possible to sugpress the | ateral -node spurious by
f or mi ref theniachinggion regidnodd indley gan regompooeconiwasgalbs 15. [0030]FIG 11 is a
diagramillustrating characteristics of the conductance against the
frequeiio3’] Fl GIG.DPA is 8 cans-eectinmpdleidw bimstes@taiond 22 i micatdrore Vet aveeond he
frequency and the conductance, and a resonance frequency and the |ike do

not  CodohRRRENE ckmnfléase Fid. 9Bh§agiduﬁiew®m®aﬂrofm résoanil e2anddrparedits st
enbodi ment illustrated in FIG 6A and FIG 6B. In the exanple of FIG 11,

the regenpanGe FIEH %? g&lé Offrmnfoogfen?ég?ﬂ?%%éﬁnm reddifh( 90 ARkIIn iRIABHCE

frequency is around e lateral-node spurious is classified

into a |lateral -mpde spurious wthin a freqyenc n Q t. n the
resondﬁ@gn??@&H@ﬁf%pgﬁﬁuﬁﬁ§(gﬁ@?@?%gg ggggufr%%ﬁé%ggg1§6%9§1¥§%eral-nDde
spurious within a frequency range 42 around theiantL-reso anﬁﬁhfke ency.
I'n addietqngior i &2 t“r?éc?rfi@?ffﬁéﬂ%vh? segRd 9ompara{ly c|eXiRp 4 %%%Féfagﬂgwﬂ 19A8HBunt
against the inclination angle O is also nmeasured within the frequency range
40. [ 00S19B ci)thmzstr@umesmrggxeanmt h$ these efithstgseraeor| 189 én adcordgars Wighuthe Hiess
anount agai nst the

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
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inclination angle within different frequency ranges. In FIG 12, black
circles denote neasurenent results within the frequency range 42, and a
solid line is an approxi mate curve of the black circles. Open circles
denote nmeasurenent results within the frequency range 40, and a dashed |ine
is an approximate curve of the open circles. The neasurenent points within
the frequency range 42 are the sane as those in FIG 8. The | ateral-nbde
spurious anount within the frequency range 42 i s neasured when the

incli nghiRmR0ghe aQegjoﬁargg r%&na@ne?a@a He Bfte d2Bot 3BeRAd RPthodNEMhd et

inclination angle O 1s , the Tateral -node spurious is smallest. The

| at er al - node spuri ous nt takes a. 1 By I Nt appr oxi mat e
curve C\Rﬁé’ﬁmﬁﬁ% )famﬂ?ff %ﬁ?ﬁ%ﬁmgﬁnﬁﬁé‘ﬁ]&eﬁéh%ﬁ%{%gﬁ gwgaﬁg%dgaeslgrﬂ}ebed above,
when the | ateral - node spurioys aroupd the cy range 42 is a problem
s B GralBle [ HAE FSRETen LR AT B SAGL] 0] Lo I G br “than
45 as illustrated in FIG 8. On the other hand, when the |ateral-node

spur i dissjuerayianarotiibl §10ddUan chlene athg éateral-medesspgriows ieplassifiesd BE®xA | ncl i nati on
angle O is different fromthat of the frequency range 42. According to FIG
12, i tlatesil{piodt epatolue withinta frétpehdyahngeadl tenwangherefoniagceeiirgabndyandthel ar ger
than 30 and equal to or smaller than 50 in order to nmake the | ateral -node
SpUr i o8 AdREte fRYHSMcy@d AlatSiRilogE sputRis QitBR2SrQuakqunthettardundquency
range 40. Furthernore, the inclination angle O is nore preferably equal to

| h | | i
or ara%gl Freéogglgcgﬁ%tqg&g:re UBddfidn 8 th%g%qg%y té%%g |4i8the ?a@alllﬁ?c{e;k?)ﬁxl?@f s

pref erably |‘arger than to or sma than 45. The
characteristic of the acoustjc wave can b neralized by bejng normalized
byt hoapbrsit the e TaR e lsdoR s s aare IR S AT o ang e 0
does not depend on X Therefore, FIG 12 can be generalized to a resonator
havi nd083 Wi f f &FGrR iy ediseancilustiasine dirdgieral 0TI PRELYP ANAYAGART &S j 1 st

enbodi ment, the upper surface of the dielectric film 14 above the gaps 15

i s i ndhélimredoagailawithinhiéfferppdreqsench aowesf IhiéG ddbklpekatiecles@lengtet he ext ensi on
direction of the electrode fingers 13a and 13b, and the inclination angle
of t hansRpRmehtrelaGevitdin thogredii@lce ednigt @2 fanlmsdHd Heaisns approgimappenvesafr f ace of
the substrate 10 is equal to or larger than 30 and equal to or smaller than

50. Thi,s,ERabLES:. t Dpak PREESSenbREndRLEHRhr RS wHRH ihe YR g Fngd Ly, it hi
the frequency range 40 between the resonance frequency and the

ti- f Furth (S i.hl - :
S ERRRETR e RET Yoy P R bl PO R AL
ith the dielectric film14. [0033 | | .t | ectrode, |
e el Lo T LA LOOSH SRl ool YRS SEbEe ey °

direction of main acoustic wave as described in the first enbodiment. It is
al so chadiedenedrange 4bisingeagpod vhan therinchimpgon ansdy § Kaprapimatdy 2de2dhtfng to
the overlap region in order to suppress the |lateral -node spurious. In the
first ewdsdi nahen thetindlmapassigh ®ist38° dhplateedsnedespintwsriasmatisde dbari ous, and
t he apodi zation weighting is not necessary. Furthernore, an apodi zation

wei ght lﬁérdlwﬁfjﬁou@ﬁﬁlobﬁwg(és BQQdalﬂ ﬁiilﬁiﬁﬁl’iﬂ @ilud i GheOdppritie tee §den fRgi on 50
as described in the first enbodinent in order to further suppress the

| ater ailn'ﬁlgrpa(agn ?{?%E b S ound APRIFLN t r)@s"’t?:@crbted LSoveUhiéCine rfﬁte&f—m%ﬁ@sﬂuﬂ&llsi nation
regi on I'nePudes at 1'east a part of the gap region 50, it 1s preferable
that tar}gunudo tgg rf;recslt}ljern]::? lga%gg 5«2 }sgepro : lglln,eﬁ Eer:IJr(e:feI'albk%gté’}hé f?lcfilgla(filoln E}%é:le 8%d é)qﬁﬁl tE) he

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

around the frequency range 40 is a problem, the best inclination angle 6 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
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entire region above the gaps 15 as illustrated in FIG |1A and FIG 1B of
the first enbodinent. This enables to further suppress the | ateral -node
spurious. The inclination region 20 nmay include a part of the overlap
region 52 and the bus bar regions 54. [0035] Furthernore, the filmthickness
of the dielectric film14 on the electrode fingers 13a and 13b is different
fromthe filmthickness of the dielectric film14 on the bus bars |Ila and
11 b. This enables to make the inclination of the dielectric film 14 above
the g - | j f R6ES; hepgi ric
£ilm %ﬁﬁ“f‘%o%%ﬁ”ﬁﬁ%ﬁ%g&%g?@?gﬁ@di'f 73 DiroBMPRHeRuchty kirgiuber dhisie!
dielectric,.film 14 caused by.t i ncl.ination h r t he
di el ect%? inclipgtiop,aigle Odsm Fedggfefaﬂg’neqp%letofo ] faﬁ%etr ﬁh%glgt%egré&]e%%%fmt% Eé%%gegé%gng
conb- shaped el ectrodes 12a and 12b. This gnacFI es to further refl e,ﬁlté t he
acoust4&. awse furthex praferabbiesaup! Realargss hane ST ARY pHAL osh S‘i"é‘g‘?réli‘fm . Thé&tefore,
it is possible to further suppress the |ateral -node spuri ous.‘@%0037 A
descr i ghtrizoteriwid ¢f thowobsicgiaverrambe gerferaliged abding tasmalizedibiydhg wavple di ment .
FIG 13A is a cross-sectional view of a resonator 102 in accordance wth

t he fidfshe MauiRNOR. OThiid)ehefihdlmbti@nail féws nobdeperd & 1.13Bicrafor, PiGalh vi ew
of a part of the resonator 102. As illustrated in FIG 13A and FIG 13B,

the digleclbicailh i dfhsbiatdrhaviRys diifdred 9bpatze Bdqichcs. hi cker than the
dielectrictilm14 in the overlap region 52 in the resonator 102 in

accor ?&[}%ﬁ d“ﬁ%c&r?%g{)t%) rtl{sehﬁrgtae{rﬁb%tdirlg«%%%g? %@%{ gﬁr@% oieﬁ(l@ 9%‘1&&% AIGPTPAHGE Lo

FI G e firs er structures are the sane
as those of the resonator 100 in accordance, w t.he first. enbodi ment, and
‘a descPf gansdn 17 MCORT3Saust e UPRET &Y FP?@‘G#P'P%’"%ZI‘%‘ﬂﬁteheé‘teﬁﬁ@“@tﬁ?&}%g%?ons 54
may be thinner than the dielectric film14 in the overlap regi on 52 as

descr i thedletrodetfingpisrige anchbtd prebthe inchinatian angloaditcppper selaes piibeidielciie fir st
variation of the first enbodi ment. [0038] A description will now be given of

a secofiigh Vhidantst tha uppertshufadeiof gte sehiioth heistequit k@or larpdrihps 3¢ adegeaidect i onal
vi ew of a resonator 104 in accordance with the second variation of the

first gubedinaBBb:. angs daBes ARppesathpladral-Mbéswpafioss Rpedalnfwitthetheesonat or
104. As illustrated in FIG 14}& and FIG 14B, dunmy el ectrode fingers 17b

I o e SRS Lo i B, | oo
Furthermore, it is possible to suppress the degradation of reliability because the bus bars 11a and
11b can be covered with the dielectric film 14.
[0033] Called a normal type electrode is a resonator of which the overlap region is constant
in a propagation direction of main acoustic wave as described in the first embodiment. It 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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and 13b in the resonator 104 in accordance with the second variation of the
first enbodi nent conpared to FIG 1A and FIG 1B of the first enbodi nent.
The dunmy el ectrode fingers | 7a and 17b are connected to the bus bars Ila
and Il b respectively. Regions of the dumry el ectrode fingers |I7a and 17b
are dummy regions 56. The inclination region 20 is fornmed in the gap region
50. Ot her structures are the same as those in FIG | A and FIG 1B of the
first enbodi ment, and a description is omtted. The dunmmy el ectrode fingers

17a a%ﬂtige7r9¥iﬂﬁ¥b(p)% Ry \f’éﬂgqs’ HRstR& HSANEE SHd FiOH 1 Bof Bhe Fiedt ieR@6dinent he second

variation of the firs odinent. The inclination region 20 may include a

R e R i

variation of the first enbodi nent. [0039] A description will now be given of
a t hi rigelydsa par frihopveriae regiens2 ?ﬁ[jli’ ?eglﬁ’lnéa%4'15A is a cross-sectional
view of a resonator 106 in accordance with the third variation of the first
enbodi[AeF], afdrtirngorel BB filw thickieas of the diglestricdilpald onghe elhgrqdedwaes da 106. As
illustrated in FIG 15A and FIG 15B, the inclination region 20 includes a
first dnaaBb padiffaentfegn dr AMahrkoksaobibe divtecirivclilimbt orothe beghanl RCndilnbt he
resonator 106 in accordance with the third variation of the first

enbodi BN 6 RERAMSIE he iklifarionAdr aediifibdaic fifn 0 abdie th st 18 MdBEITERPbsinglhe
first inclination region 20a is inclined so that the upper surface of the

dieIeﬁ%hg&mgghgg%ﬁ%ppﬁhh@%gﬁgggﬁbhﬂﬁlgyerIap region 52 side toward the bus

bar regrons e second 1nclination region 20b is inclined so that
_1‘.52e S P%S{@\?\;: hacgrr?l]:)reg 91% d?‘fifg'!el‘ﬁ:%torf Iﬁfm Eﬁiékme%s%natﬁecc%&ggtrig B 151 rc]:zei\us((-gcy E)r/ Icha‘ep region
inclination of the upper surface of the dielectric film 14 is larger than the film thicknesses of the
opposing comb-shaped electrodes 12a and 12b.  This enables to further reflect the acoustic
wave in the lateral mode in the inclination region 20. Therefore, it is possible to further
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
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t he bus bar regions 54 side. The first inclination region 20a is |ocated at
the overlap region 52 side of the gap region 50, and the second inclination
region 20b is located at the bus bar regions 54 side of the gap region 50.
Furthernore, the inclination region 20 is not |ocated at the bus bar
regions 54 side of the inclination region 20. O her structures are the sane
as those in FIG | A and FIG 1B of the first enbodi nent, and a description
is omtted. The inclination region 20 may include the first inclination

regi on 4208 agﬂﬂﬁg&%ﬁﬁ%@»ﬁof%&rﬁaﬁ 104 £96@M RN HARe Qe%gfdr {fedoh Brinbe third

variation of the first enbodinent. In addition, the inclination region 20

may be.for .in.a the gap.regian Fur re, L nation
angl e %&te %g%eq’iapgf% E(iL"nlgPilf‘l%P }agqn‘%‘rﬂgé)?gﬁalﬁggthﬁéy 0%%8{ e’ sgﬁgl%asgg%b i
different froman inclination angle Cb of t second inclination region
20b. 111G WA A sty Serpaabiesnb b e o HePPRET IS TErUn ca and B
is equal to or larger than 30 and equal to or smaller than 50. It is nore
pr ef erddiredeshidb ahot Pa ot ledatediim Sleicrtension disenilon of tes elribe ¢lpirode dngytidba to or

| arger than 30 and equal to or smaller than 50. Furthernore, it is

pr ef erzallieb it résbeatbnl4i inatdosdenangltk tesethdagtiatiort of tog filsaergexdirméran 30 and
equal to or smaller than 50 in order to distribute the acoustic wave

pr opagaheflrddQo FIE 18068 P8GO &lithehtst abfimthie ¢héegimedeldirngeiised3gaand 13b.
[ 0040] A description will now be given of a fourth variation of the first

embodi mant,, £l @?%geéfth TSR 2 88 h%f}@épﬁxﬁv%w. OfRegio eSPMRlNhmE08 in

accordance wt ourth variation of the first odinent, and FIG 16B
irs a plain view of_a rt of the resonajor . 108... illustrated in. FlG 16A
and FIREABA TGRS Kol Id etk R g | WegiBtob IR0 SreEd ST i
14 located in the second inclination region 20b and the bus bar regions 54
of thegapaegiomiGr Atber stcwrrs afolie sens/artheseiin Kl ddpad 4GB ditks fisEA and FI G
15B of the third variation of the first enbodinent. The dielectric film 1l4a
is a sérhbodomnenyinde desdriptibois @xigtep| eChe@uiveny geatrode Gingers Afeandhgbsaaydeas Fl G
15A and FIG 15B of the third variation of the first enbodi nent, and a
descrigbliged iothORkéra.104 Fhgestiibed) ih icCo@mis/atihtidel thk fitseahbidiméntl MR« may
be thick in a part of the gap region 50 as described in the fourth

vari ati oF faar j b Rikd b Lol kven of
21 £t b e S SRR PR b G LY I8 0 B feroios B 2
resonator 110.in.accordance w th i ft | Aati t i enbodi nment .
As il I(ﬁ}g{‘ ated™y %g'FI @?e Y V\fgalmna%In};a abteirb(g%ﬁééedg%)gﬁQZtghfj’sgﬁ%%g{@%h bet ween t he
gap region 50 of the h&? 12 and the reflectors 16 of the IDT 12. O her

st r uct YArigdompldhe fiest enhediment hose of the resonator 100 in accordance with
the first enbodi ment, and a descriptionis omtted. It is sufficient if the
i ncl i nAP3Un r egdeserimenivellnewdtecivenreriilkirdjggsiatiay phihe Siost smbpdigegbonthlGhaped

el ectrodes 12a and 12b as described in the fifth variation of the first
enbodi nenis.a ckass-sectianml view bf a tesomatdrfli0s iireadcordanteheith thelthinhvariation effhefirs?0 i s

| ocated only in the gap region 50 of the IDT 12. [0042] The substrate 10 is
a pi ezoRhRiGhE it Cand WIS IBBCE aiphhif PRw difaPharteraRdbsmRabor 06 tAW IMafakaatih oTG of the
first enbodinment, but it is sufficient if at |east one of the substrate 10

and t hFS}gérﬁll et Hlﬁ did thirkoh ?eg?onpi(ﬁﬁaﬁbe%%t ﬁljstcinélHQﬁB@Fé“gﬁ)n 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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Second Enbodi nent [0043] The second enbodi nent is an exenplary filter as the
acoustic wave device. FIG 18 is a circuit diagramof a | adder-type filter
115 in accordance with the second enbodinent. As illustrated in FIG 18,
series resonators Si through 83 are connected in series between an input
termnal Tin and an output terminal Tout. Parallel resonator P1 and P2 are
connected in parallel between the input termnal Tin and the out put

termnal Tout. One ends of the parallel resonator P1 and P2 are connected

to a ghoUNG R ionk 847 F! Bhe ARt inSlidhtidh Aglonvi(RWs Ricatbder thaget@ptragaeh §1 | ter

115 in accordance with the second enbodi ment. The series resonators Sl

t hr qusri]cgeesgf fgy%g&?%ﬁ’%,%b Ble eé@%ﬁ?@ﬁ%@of r%ﬁié%HCZIOE?s BEfed Qb digH bgpreyt%ﬁ? ough 53

substra a ’pi ezoe series resonators S1

and 17_, the rallel, resonators P1 and P2 are the.resonator i ccqrdance
Wi th CHeI9S 91dhe ERBtHPheEm R OERROTGAPS Rl EHEn S1E e B PPLRe b Hd TR The
resonators are electrically interconnected via wirings 22. Each resonator
i ncl udegionh# sigerofithe inglieption segiert 2@ ctQher strgctyees @vd thapaee asbosepTF i 1A
[0045]FIG 20 is a diagram depicting nmeasurenent results of pass

char acindrHii&t iR sf thé fitshembatinient; andeeddsedipton iddibitied. aClooindidmtien wigidn 2the second
enbodi nent. Each resonator of the |adder-type filter 115 of the second

enbodi RN chas the TRst SRMatsdi 1eglolP0a @sd thb eedof® DitHhAion 18Qo10P 0 dreletdribed in
enbodi nent with which FIG 6A is neasured, and has an inclination angle O of

35. Eatﬁg' Hg@ ‘ Qﬁ&erfQIfle ﬁl@?@l‘l‘j@%ﬁéﬁtt yﬁfe:ﬁdfd-hlohe{he %clﬁigz'tg)ntljfg-giﬁg 26 AP AL ative

exanpl e e sane structure as t resonat or of "the fifst
o e TR bt 0. PSSy TR e g o0 I T
small n]ir}a?ign fee(i:o%nZ%a ?nrrab%(git}qeesrzlitmeiz o(r: doif elgern? rortnoantit?c intatri]ci)nr z(ijn feoergpo rt}?et sie\c{(?nd
exanpl 8¢ g Y g
inclination region 20b. It is preferable that at least one of the inclination angles 0a and 6b is
equal to or larger than 30° and equal to or smaller than 50°. It is more preferable that both of
the inclination angles 0a and 6b are equal to or larger than 30° and equal to or smaller than 50°.
Furthermore, it is preferable that the inclination angle 8a is equal to or larger than 30° and equal
to or smaller than 50° in order to distribute the acoustic wave propagated to the extension
direction of the electrode fingers 13a and 13b.
[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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[ 0046] The filter can be fornmed by using the first enbodi nent and the
variations of the first enbodi nent as described in the second enbodi nent.
The second enbodi nent is an exanple of the |adder-type filter, but the
first enbodi ment or the variations of the first enbodi nent may be used to a
mul tinode filter. Thus, it is possible to suppress a ripple within the

pass batbe filng ik Eheoithe disdavttid ‘glrraftﬁmd betbick ssoparhektht gep tegieySbds t he
series resonators Si through S3 in the |adder-type filter. On the other

hand, &&eripebmias thurs \ariatddot the fiad ehbbamamance frequency of the parall el
resonators Pl and P2. Therefore, the inclination angle 0 of the series

r esonat}d@{ﬁ S | td*é§ Bn R0 hﬁwpﬁ%%g efnt% o aqm {/amcil@ioﬁ of HeGfrs(d x{)mlfb(&lﬁl&tSOFf(? 19

45) nab es suppress t e spurlous enth

resonance frequen and the anti-resonan uenc | ust n Fl G
12, oSl Ry O%Fﬁfonﬁlt%l Bl on i B TGt s B ST RES SRt dos
P1 and P2 is made to be smaller than 45. This enables to suppress the

| at er alllustyeted splilG: ddsthainslinatianregiantZ0-is ated hetveen drpgapaygiof 50 leé thedPdl 12|
resonators Pl and P2. For exanple, it is possible to suppress the

| at er ahndibdeefiqtrs 06181 AedDTA 2 h@thatdrucRsanadte shine gy ey obthe kéenpar eid al
resonators Pl and P2 easily regardless of the variability of angles by

maki nga&,la dn@&#xhtﬂ%é' s @Iﬂgclnﬁm%ntg'tdn& B8e E;ﬁhﬁ & orkifS@Nak ﬂ?&erﬁ 6230 for

exanpl e. ere ore, It Is pOSSI e to er suppress t e ripple within

| ncl | nEEBHHIGPEE 8 TolochR i Breen S PLPENE PRBRPEAAIGERER |1 420 o

acoustic wave device having nultiple IDIs 12. For exanple, the inclination
angl e descsbehigethe §ftheagatianotabe first embodiszohatlor eyesplect iy wikdppriths t he
| at er al - node spurious between the resonance frequency and the

anti - r grn@&nserekiog QUenkyatePoelyanald yap fefiohSOdde: IDT b 35 to 45. The
inclination angle O is made to be equal to or smaller than 45 in the

resonatqfesi TedslRirURBLE 1eE@e€ieétﬁ& Q&@kanﬁpfiﬁhé i 'e&%%d@ﬁéﬁ%h&h fne
anti-resonance frequency. Pr ferably, 1t 1s made to be equal to or snaller

ena! o2ttt hafied P aintentih G SPFionl RaClepd FRbisneiadButls i sbove

it is possible to nake the inclination angle O of a first IDT included in
t he sefictasticlslghit wraspigroctastrsugyhstaacedi f f erent fromthat of a second | DT
included in the parallel resonators Pl and P2. [0049] The second enbodi nent
may usB8eddnd Emelseivatmr i n accordance with the variations of the first
enbodi ment besi des the resonator in accordance with the first enbodinent.
Third Fygaggi memhe 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 S1 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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[ 0050] A third enbodi nent is an exenplary RF (Radi o Frequency) nodule. FIG
21 is a block diagramof a nodule 70 in accordance with the third
enbodiment. As illustrated in FIG 21, the nodule 70 mainly includes a
dupl exer 73, a power anplifier 74, a transmssion filter 75, a |ow noise
anplifier 76 and a reception filter 77. The duplexer 73 has filters 71 and
72. Atransm ssion signal is input to the transmssion termnal Ttx. The
transmssion filter 75 filters the transm ssion signal. The power

ampl i fhepardife] 8Bhdtbls @3 ahdd 82 aFARS FAsSHk@Nn B¢ @RRhce TR tHeiflr§t@mbddingnt it
dupl exer 73 filters the transm ssion signal, and outputs the transm ssion

signal__t.0: t t 1.hal L . 73
uppr LB GRS TR AR onn LRt ek kol (pleo bR LR, S s
anplifjer 76 side. A recepti ign i S, ihput to,the ant term na

Tant . iilhe EP?6}I feapnaios “Ef‘flucfeﬁg‘ec@& @xgrfdaé?% r%l?ftﬁgst ‘tsé Staﬂ‘éwﬁc@%@leie@ ‘gnal to the
| ow noi se amplifier 76. The filter 71 of the duplexer 73 suppresses the

| eakadB041l t hELG.@8dpe Hiserani denisting oepsyecprnhessu g nass daraglerisicg o thehe | ow

noi se anplifier 76 anplifies the reception signal. The reception filter 77
filt erlsddeheypeditiept i5an as¢ogdeaks with cheowatult snliodirbent.t higach ecsepatonet ther m nal  Tr x.

[ 0051] At | east one of the filters 71, 72, 75 and 77 may be the filter of

t he sas@renPEId MBS thdsebhifi dptbdiBent Bad e aaROsElRNBCasWE Fesbitort D0
enbodi nrent. The nodule 70 in accordance with the third enbodi nent can be

used g, tE%Ebgm%tgmpﬂf@gpm%mmwmrgzﬁ%h@ﬂassauqﬁblﬁﬁtimgleee fhgaes for

exanpl e. Besides t odi nent e resonator of the first
enbodi t or the. vari.ations..of %@ f.irst engodinent an, be used t he
modul &t o8 BB aBn af (EAvE! GpERES rLEle ARG peen
described in detail, it should be understood bh?%gghg%present invention is
not | iafithegsangtor 4@Q ef e dsL cpRpEABSHaBRtcsYitaraIch FLO-PB S B15asiEttandys,
substitutions, and alterations could be nmade hereto w thout departing from
t he spilnjttatedria F§G @Pea opplt hausedbetheilgeral-Dede snusioboyyithin thepasgragd sysmdliner al s
[ 0053] 10substrate Ha, 11 bbus bar

the 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 0 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  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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12a, 12bconb-shaped el ectrode 13a, 13bel ectrode finger l14dielectric film
15gap l6reflector 17a, 17bdumry el ectrode finger 20inclination region 50gap
regi on 52cross regi on 54bus bar region

it is possible to suppress the lateral-mode spurious around the anti-resonance frequency of the
parallel resonators P1 and P2 easily regardless of the variability of angles by making the
inclination angle 8 of the parallel resonators P1 and P2 30° for example. Therefore, it is
possible to further suppress the ripple within the passband.

[0048] As described above, it is possible to make the inclination angles 6 of the IDTs 12
different from each other in the acoustic wave device having multiple IDTs 12.  For example,
the inclination angle 0 is made to be 30° to 50° in the resonator desired to suppress the
lateral-mode spurious between the resonance frequency and the anti-resonance frequency.
Preferably, it is made to be 35° to 45°.  The inclination angle 0 is made to be equal to or smaller
than 45° in the resonator desired to suppress the lateral-mode spurious around the anti-resonance
frequency. Preferably, it is made to be equal to or smaller than 35°, further preferably, to be
equal to or smaller than 30°.  This enables to further suppress the lateral-mode spurious. As
described above, it is possible to make the inclination angle 0 of a first IDT included in the series
resonators S1 through S3 different from that of a second [DT included in the parallel resonators
P1 and P2.

[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) medule. FIG 2l 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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CLAIMS 1. An acoustic wave device characterized by conprising: a

substrate; a dielectric filmfornmed on the substrate; opposi ng
conb- shaped el ectrodes | ocated between the substrate and the dielectric

film each of the opposing conb-shaped el ectrodes including an el ectrode
finger, wherein at |east one of the substrate and the dielectric filmis a
pi ezoel ectri c substance, an upper surface of the dielectric film
which is |ocated above a gap between a tip of an el ectrode finger of one of

the opposiifhiGRIRiEAPEE, ?b@/&t LRSI 8RRy A phGesQh@hinsRisstdnei MBP O Gilter

conb- shaped el ectrodes, |

i nclined agai nst an upper surface of the

SUDS! ALy A CAPLOR AL SSL 0001 LR B BEN RS L ORR G anfH) e

incli

upper sur ctrice

e L R SRR N ML R S

_ ‘to claim 1,
characterized by that the upper surface of the dielectric filmis inclined
acr ossraasmissipi signal égihsowmoise amhbfigra}§.side. A reception signal is input to the antenna

terminal Tant. The filter 72 of the duplexer 73 outputs the reception signal to the Jow 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.
[0051] 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

[06053] 10 substrate
11a, 11b bus bar
12a, 12b comb-shaped electrode
13a, 13b electrode finger
14 dielectric film
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3. The acoustic wave device according to claim1l and 2, characterized by

t hat each of the opposing conb-shaped el ectrodes includes the

el ectrode finger and a bus bar, and a fil mthickness of the dielectric film
on the electrode finger is different froma filmthickness of the
dielectric filmon the bus bar. 4. The acoustic wave device
according to any one of clains 1 through 3, characterized by that a
difference of filmthickness in the dielectric film caused by an
inclinationiaf the uppegysurface of the dielectric filmis larger than film
t hi cknesses of the opposing conb-shaped el ectrodes. 5. The acoustic
wave device]%ccording t o420y, one of clainms 1 through 4, characterized by
further conprising: |DTs, €ach including the opposing conb-shaped

el ect r odes, ﬁher in the IDIs have different inclination angles. 6. The
acoustic wavé®ddVi ce acCBRAY AGEEII ™ 5, characterized by that the |DTs
include a first IDT included in a series resonator of a |adder-type filter,
and a second9 DT i ncl udiwgdlination r¢ga¢mal | el resonator of the | adder-type

filter, and the first IDT and the second | DT have different inclination
angles. 7. 58 nodul e chgapaegieni zed by conprising: an acoustic wave device
according to any one of clainms 1 through 6.

52 CTOSS region

54 bus bar region
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CLAIMS

1. An acoustic wave device characterized by comprising:

a substrate;

a dielectric film formed on the substrate;

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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4. The acoustic wave device according to any one of claims 1 through 3,
characterized by that

a difference of film thickness in the dielectric film caused by an inclination of the upper
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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