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t he sane. Background [0002] There is known an acoustic wave device
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formed on a piezoelectric substrate. A typical exanple of such a device is
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coefficient, which is one of the characteristics of the acoustic wave
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Field

[0001] A certain aspect of the present invention relates to an acoustic wave device and a

method for manufacturing the same.

Background

[0002] There is known an acoustic wave device configured so that an electrode such as an
interdigital transducer IDT is formed on a piezoelectric substrate. A typical example of such a
device is a surface acoustic wave (SAW) device. The electromechanical coupling coefficient,
which is one of the characteristics of the acoustic wave device, depends on the material and
orientation of the crystal of the piezoelectric substrate, and has a relationship with the fractional
bandwidth of the acoustic wave device. There is known an art of adjusting the
electromechanical coupling coefficient by changing the thickness of a dielectric layer such as a
silicon oxide layer or aluminum oxide layer formed below the IDT electrode (see Japanese

Patent Application Publication No. 2008-67289: Document 1).

SUMMARY OF THE INVENTION
[0003] According to an aspect of the present invention, there is provided an acoustic wave
device including: a piezoelectric substrate; a dielectric layer formed on the piezoelectric

substrate; and first and second comb-tooth electrodes formed on the dielectric layer, the



[ 0003] According to an aspect of the present invention, there is provided an
acoustic wave device including: a piezoelectric substrate; a dielectric

| ayer forned on the piezoelectric substrate; and first and second
conb-tooth el ectrodes forned on the dielectric layer, the dielectric |ayer
having a first thickness between the first conb-tooth el ectrodes and the

pi ezoel ectric substrate and a second thickness between the second
conb-tooth el ectrodes and the piezoel ectric substrate, the first and second
t hi cknesses being different fromeach other. BRI EF DESCRI PTI ON OF THE

DRAW NGS [0004]F|Gs I A through | C are schenatic cross-sectional views of

an acoustic wave vice in.accardance with arative, exanpl.e;

FIG 2 .éleépcgrco&wea Yngn? ofrsta AgIsEs etvegay e i ¢a FﬁO%IE CIRAE: 0 (the o
first enmbodi nent; FIG 3.illustrates frequ ncy qgs used in ﬁ
acoust i S1eResiectiiesybstate anda sesond Hekngps petweqn the socg electrodes and the

piezoelectric substrate, the first and second thicknesses being different from each other.

BRIEF DESCRIPTION OF THE DRAWINGS
- [0004] FIGs. 1A through 1C are schematic cross-sectional views of an acoustic wave device

in accordance with a comparative example;

FIG. 2 is a block diagram of an acoustic wave device in accordance with a first
embodiment;

FIG. 3 illustrates frequency bands used in an acoustic wave device in accordance with a
first embodiment;

FIG. 4 is a plan view of the acoustic wave device of the first embodiment;

FIGs. 5A through 5E are schematic cross-sectional views of a series of steps of a
method for manufacturing the acoustic wave device in accordance with the first embodiment;

FIGs. 6A through 6D are schematic cross-sectional views of a series of steps that
follows the series of steps in FIGs. 5A through 5E;

FIG. 7 is a schematic cross-sectional view of another acoustic wave device in
accordance with the first embodiment;

FIG. 8 is a schematic cross-sectional view of an acoustic wave device in accordance
with a variation of the first embodiment;

FIGs. 9A through 9D are schematic cross-sectional views of a series of steps of a
method for manufacturing the acoustic wave device in accordance with the second embodiment;

FIGs. 10A through 10D are schematic cross-sectional views of a series of steps that



FIG 4 is a plan view of the acoustic wave device of the first enbodinent;
FI Gs. 5A through 5E are schematic cross-sectional views of a series of
steps of a method for manufacturing the acoustic wave device in accordance

with the first embodinent; FI Gs. 6A through 6D are schematic
cross-sectional views of a series of steps that follows the series of steps
in FIGs. 5A through 5E; FIG 7 is a schematic cross-sectional view

of anot her acoustic wave device in accordance with the first enbodi ment;
FIG 8 is a schenatic cross-sectional view of an acoustic wave device in
accordance with a variation of the first enbodi nent; FI Gs. 9A through
9D are schematic cross-sectional vie of i es of steps of a nethod for
manuf acf@llovsghe sreieaelbiiensiibusiaied iyElise O‘é%bﬁ’dance Wi t hpt he second

enbodi ment; FILGs. 10A through 10D are SChEITatIC crQss-sect.i ona tj WS of a
series of steBi% hidand bif %Tﬁécheﬁ@“%élioﬁ%?cl%i?méf’}?ﬁ‘@q PSeres PLEERP 3 Pﬁ

t hrough 9D; FI Gs. 11A and 11B are schematic cross-sectional vi ews of
a seri ethegeries efisteps Hawstrated Inokisst HA hequeBd OB steps illustrated in FIGs. 10A
t hrough 10D; FIG 12 is a schematic cross-sectional view of the

acoustic waveFHaVR iea shemptic essowetianbyay vk e acqpgic wave device of the second

embodiment; and
FIG. 13 is a schematic cross-sectional view of an acoustic wave device in accordance

with a variation of the second embodiment.

DETAILED DESCRIPTION
[0005] In the art disclosed in Document 1, the thickness of the dielectric layer formed on the
piezoelectric substrate is uniform over one wafer. Thus, the electromechanical coupling
coefficients of acoustic wave devices produced from the same wafer have almost the same values.
It is therefore difficult to produce, from the same wafer, acoustic wave devices having different
electromechanical coupling coefficients such as resonators or filters having different fractional
bandwidths. There is a similar problem in devices that do not use the dielectric layer.
[0006] According to an aspect of embodiments described below, a plurality of acoustic wave
devices having different electromechanical coupling coefficients are formed on a single
piezoelectric substrate.
[0007] Before embodiments are described, a comparative example is now described. FIGs.
1A through 1C are schematic cross-sectional views of an acoustic wave device in accordance
with a comparative example. FIG. 1A illustrates an acoustic wave device that transmits a signal
by a surface acoustic wave (SAW). Comb-tooth electrodes 120 that form an IDT are formed

directly on a surface of a piezoelectric substrate 110.  FIG. 1B illustrates an acoustic wave



FIG 13 is a schematic cross-sectional view of an acoustic wave device in
accordance wth a variation of the second enbodi nent. DETAI LED DESCRI PTI ON
[0005] I n the art disclosed in Docunent 1, the thickness of the dielectric

| ayer fornmed on the piezoelectric substrate is uniformover one wafer.
Thus, the el ectronechani cal coupling coefficients of acoustic wave devices
produced fromthe sane wafer have al nost the sane values. It is therefore
difficult to produce, fromthe sanme wafer, acoustic wave devi ces having

di fferent el ectronmechanical coupling coefficients such as resonators or
filters having different fractional bandw dths. There is a sim/lar problem

in devices that do not use the dielectric Igessgr. OOOGg@cﬁordkn .to an
aspect @eviesisodtigbnthickqlidlestrip kayenis fosmed a0 gn fP hy i}t:‘£f65?m s fictEhisI&bevi ces
havi ng di fferent el ectromechani cal coupling coefficien e fornmed on a
singl e prayhers ethigknesssgpalie afew tlm@@?}@@%?%ofé%%f ngﬁﬁﬁiheth&é%?ﬁ bed, a
conparative exanple is now described., FIGs. |A through lt&gﬁ%&c%&%ﬁbi c

cr oss- seerficgwhthesiezaglegtic substasud ) prd thavardsyifecs qf fheLOawr
conparative example. FIG A illustrates an acoustic wave device that
transmi tae eoveted math apyinslasive fayee] e o iEE 1€ WagEatesgaRPOUsHy M3V ¢YiTs 1B M0 des
120 that forman IDT are fornmed directly on a surface of a,?iezoelectric
subst r atdéelactidx lagar@40 isgdded testhe siressura Hlvstaiad i KGN o bl dislaciialayed 48
thick dielectric layer is formed on an |IDT. For exanple, the dielectric
| ayer nayintepasedbetiveerkihe piszecjecitic substzate a1 andthe combriqoni elRgiwdss B10-t he | DT.
In FIG IB, the upper surface of the piezoelectric substrate 110 and the
upper sufttste ofhe¢ Hectrmrshanienl hounlling coasteisnts othg peousBy wpeaxicenhating the
insulative layer 130. FIG1C illustrates an acoustic wave device in which a
di el ect rstrocthizy dlusttated insFlgddbdand1 B Hepesd oo dreuarestal matesial af thel piegoaiacttion B so
that the dielectric layer 140 is interﬁosed bet ween the piezoel ectric
subst r atsebstrb@® HAdnd He arotdd otiontionethereof: odie thespgcture illustrated in Fig. 1C, the

electromechanical coupling coefficient depends on the thickness of the dielectric layer 140 in

addition to the above-described factors. In each of the structures, the electromechanical

coupling coefficient is almost constant in the whole area of the piezoelectric substrate 110.

Thus, the structures illustrated in FIGs. 1A through 1C have a difficulty in forming acoustic

wave devices having different electromechanical coupling coefficients (for example, at least two

resonators or filters having different fractional bandwidths) on a single piezoelectric substrate.

First Embodiment

[0009] FIG. 2 is a block diagram of a structure of an acoustic wave device in accordance

with a first embodiment. Referring to FIG. 2, the acoustic wave device of the first embodiment

includes a transmission filter part 50 and a reception filter part 60. The transmission filter part

50 includes two transmission filters having different frequency characteristics, namely, a first

transmission filter 52 and a second transmission filter 54. The reception filter part 60 includes

two reception filters having different frequency characteristics, namely, a first reception filter 62

and a second reception filter 64.



[ 0008] The el ectromechani cal coupling coefficients of the acoustic wave

devi ces having the structures illustrated in FIGs. | A and 1B depend on the
crystal material of the piezoelectric substrate 110 and the crystal
orientation thereof In the structure illustrated in Fig. IC, the

el ectromechani cal coupling coefficient depends on the thickness of the
dielectric layer 140 in addition to the above-described factors. In each of
the structures, the el ectromechanical coupling coefficient is al nost
constant in the whole area of the piezoelectric substrate 110. Thus, the
structures illustrated in FIGs. 1A through IC have a difficulty in formng
acoustic wave devices having different el ectronechanical , couypli

coef fi clPk (36 dilkisisates frequeneyhands yisd iuldis Asrushis Waye el"!%’*@%ﬁ“ﬁﬁ%i ng
different fractional bandw dths) on a single piezoelectric substrate. First
Enbodi nembodienn] [ higexample, tlercace 4 fgauenrvbangds Bendicr Bred18f Whigh Besust i ¢
wave device in accordance with a first enbodinent. Referring to FIG 2, the
acoust i ewielly difEpent grapgmisdien frequenciestho deaeptian frendipRdess b@dwca&%@ﬂé@i ol filter
part 50 and a reception filter part 60. The transmission filter part 50

i ncl ude$ractignal bandwidthssRen f Thet feacsionrd bpnyvidihfis ke aaffo ¢frtaeopudayidth respect to
characteristics, nanely, a first transm ssion filter 52 and a second
transmi $wsicsntef frequencys4 Eadthef the basls hanthe irgspeqtivp dieetiwe! bandwidies 1 %o recepti on
filters having different frequency characteristics, nanely, a first

recept i desirfabletthat tig2elentramechrinshepuptivgpasifioniertt iof theacantic wapodoj®IG 3
illustrates frequency bands used in the acoustic wave device of the first
enbodi meptimized irt teings efitberishationsliandwaltte 10 frequency bands Band! Bandl 0,
whi ch have nutually different transm ssion frequencies Tx, reception
frequengodd] balndin atohgic(Wade)deviaadlukirated indri&l 2, bttt Warsmissian filteThand
fractional bandwidth is the ratio of the band wdth respect to the center

f r equendhe. firBareteptipn filker d2amalsbenbisers bEBansld pavitthy eecondicansomsslondiietdd atdihe 1t i s
desirabl e that the el ectronmechani cal coupling coefficient of the acoustic
wave desewmed reseptptni fiticz 64 niay be dilters odBandie fThaed filkerabrelpagrdduddmian if@itd] | n t he
acoustic wave device illustrated in FIG 2, the first transmssion filter
52 and tdvenrhomgiczoeeapt sustrite|70er T firstiyrarsmidsidntfdres Sis Banet®d tand t he
second transm ssion filter 54 and the second reception filter 64 may be
filters tafsnBasidBteriiineSEx(Bahd2g 0§ Band?, pndbthe dexdnd tramsmissientilia & i{ coneated) to

pi ezoel ectric substrate 70. The first transm ssion filter 52 is connected
to a transnmsissionteminal TraBaddd)BABdRJ3. of Thedinst 2¢ceptich filier 62de omdedtedtosini ssi on
filter 54 is connected to a transm ssion term nal Tx(Band3) of Band3. The
first reaeptioroarminhliR(B6@i2)ef BemiPeen thet stawnd recepiqt filter 64 és cinnedtedre(@Band2) of
Band2, an the second reception filter 64 is connected to a reception

t er m nakedeptj@ataddihald x(Bamd$3 of Baed3f i Tht first anassmissoonltéri I2tapd tieXiratrrdedphien f i r st
reception filter 62 are connected to an antenna term nal Ant(Band2) of
Band2. Tiiter €2are rdnter@d sorarsaitemafterhtieal A4 Band®) ofi Basdk orldie semep trammifsidit er 64
are connected to an antenna term nal Ant(Band3) of Band3. [0012]FIG 4 is a
schemat ifidtepbamndthevecond tdaeptandilet b4 anavenaeditc en ameamdeamdarl dat(Biahds)olie

Band3.

[0012] FIG. 4 is a schematic plan view of the acoustic wave device in accordance with the
first embodiment. The first transmission filter 52 and the second transmission filter 54 having
different fractional bandwidths are formed on the common piezoelectric substrate 70. Mutually
different input/output systems are respectively connected to the two transmission filters 52 and

54.



first enbodinment. The first transmssion filter 52 and the second

transm ssion filter 54 having different fractional bandw dths are fornmed on
t he conmon pi ezoel ectric substrate 70. Mutually different input/output
systens are respectively connected to the two transm ssion filters 52 and
54. [0013] The first transmssion filter 52 is a |adder filter conposed of
three series resonators 80, 82 and 86 connected in series and two parall el
resonators 84 and 88 connected in parallel. Each of the resonators 80 - 88
is conposed of a pair of conb-tooth electrodes and two reflection

el ectrodes at both sides of the pair of conmb-tooth el ectrodes. One end of
the series resonator 82 is connected to ‘iﬂh ant enna term nal. Ant (Band2),
and one (@3] of ThellsermemisBdiat 57 sgraddsr BlFoRPaR S HRESTIEH HorpACTS
Tx(Band2) of the transm ssion circuit. One end of th aralle|] resopator 84
i s conndbi¥rndBoaeanestediinaeriss eadh Eyaparpliglessonaterg 86 Ad g’ﬁg"%‘fw? @Pﬁé?i‘ﬁ ‘| el
resonator 88 is connected to the ground potenti al gGNDér [ 0014] The second

t ransmi Setloef th rasenateys 80 s 88 i eerarased pf 4 pair of eenbripethreisclypdas anchbiq wdlpeiipn
filter 52 and is conposed of three series resonators 90, 92 and 96

connect etécirpdesat besh sidanef thewaipaf eambetoothealesiradesr s Ong ead af g sqriss Feserater §2
paral lel. Each of the resonators 90 - 98 is conposed of a pair of conb-1like
el ect r odesonasded Wwohe afi¢rmetiéronna Pt Brodla sandtonp sedolihe aasics FespradoriRiip  Of
conb-tooth el ectrodes. One end of the series resonator 92 is connected to

t he ant enmectedrtorihedermingl (IBERaN@R) oftheltransmissing circuit-hOneendes theaapslel or 96 i s
connected to the antenna term nal Ant(Band3) of the transm ssion circuit.
One end resonsthe8pmrcahhested e torgeund pdtenigl ( sideanerepd ohthe prglliplgespaetends al
(G\ND), and one end of the parallel resonator 98 is connected to the ground
pot ent i at cqn@MERd td the gohid pestted (FP).manuf act uri ng t he acoustic wave device
of the first enbodinent is now described with reference to FI Gs. 5A through
6D. [00]60Ref er Thasecond FarGmiSn fHtediSéiscladdar filtay/kire the firss trhusssipnofiiteg 52

pi ezoel ectric substrate 10. The piezoel ectric substrate 10 may be lithium
ni obat e apt isNaDFjosed afithrex serjss ecsomdtersP0eP2artdr Y6cconngeead in Seripgyanddwa paralum

oxi de (Al 203), for exanple. The thickness of the piezoelectric substrate 10
may be 28@nat3504pmd Meonmecadph paralltle Badi efdhe fesorlapyeP0 198 iggprinesal af20 nm
thick, for exanple. The dielectric layer 12 may be fornmed by a sputtering
met hod, pircifeombdike electrodes and two reflection electrodes at both sides of the pair 0f comb-tooth

electrodes. One end of the series resonator 92 is connected to the antenna terminal Ant(Band3),
and one end of the series resonator 96 is connected to the antenna terminal Ant(Band3) of the
transmission circuit. One end of the parallel resonator 94 is connected to the ground potential
(GND), and one end of the parallel resonator 98 is connected to the ground potential (GND).
[0015] A method for manufacturing the acoustic wave device of the first embodiment is now
described with reference to FIGs. SA through 6D.

[0016] Referring to FIG. 5A, a dielectric layer 12 is formed on a piezoelectric substrate 10.
The piezoelectric substrate 10 may be lithium niobate (LiNbO3), for example. The dielectric
layer 12 may be aluminum oxide (A1,Os), for example. The thickness of the piezoelectric
substrate 10 may be 200 ~ 350 pm, for example. The dielectric layer 12 may be 3 ~ 20 nm

thick, for example. The dielectric layer 12 may be formed by a sputtering method, a chemical
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vapor deposition (CVD) nethod, an atom c | ayer deposition (ALD) nethod or
the like. 100171Next, referring to FIG 5B, a nmask pattern forned by a
photoresist layer 14 is forned on the dielectric layer 12. [0018] Then,
referring to FIG 5C, the dielectric layer 12 is selectively etched with

t he photoresist |ayer 14 being used as a nmask, whereby the thickness of the
dielectric layer 12 is selectively reduced. After the etching process, the
photoresi st layer 14 is renoved by ashing. The sel ective etching of the
dielectric layer 12 results in a portion 12a having no reduction in the

t hi ckness and a portion 12b havi ng a reduced t hi ckness. [0019] Thereafter,

referring to FIG SD, _a first insulative er s forme t he
di el ect V#ROT Idélgf@%tloficv@ﬁ“eéb&@wﬁ‘l‘ %tomﬂ‘h yﬁfrldFB? tiﬁ’i‘s(éig)t) meEhqd Yy gqeol “may be
silicon oxide (Si02) and ma - 400 nmt hi 10020] Then rring to

FI G 5E[0M7haskNpt te&ring or d513o;? raasbmawpmfi%vayé?w&@% laygr g ﬁ%{f’r‘&}‘ﬁdt he

first insulative |ayer 16.
on the dielectric layer 12.

[0018] Then, referring to FIG. 5C, the dielectric layer 12 is selectively etched with the
photoresist layer 14 being used as a mask, whereby the thickness of the dielectric layer 12 is
selectively reduced.  After the etching process, the photoresist layer 14 is removed by ashing.
The selective etching of the dielectric layer 12 results in a portion 12a having no reduction in the
thickness and a portion 12b having a reduced thickness.

[0019] Thereafter, referring to FIG. 5D, a first insulative layer 16 is formed on the dielectric
layer 12. For example, the first insulative layer 16 may be silicon oxide (SiO,) and may be 80
~ 400 nm thick.

[0020] Then, referring to FIG. SE, a mask pattern formed by a photoresist layer 18 is formed
on the first insulative layer 16.

[0021] Referring to FIG. 6A, the first insulative layer 16 is selectively etched with the
photoresist layer 18 being used as a mask, whereby the dielectric layer 12 is selectively exposed.
In the exposed areas of the dielectric layer 12, electrode fingers of comb-tooth electrodes and
reflection electrodes, which form a resonator are formed by the following process. It is to be
noted that only some electrode fingers are illustrated for the sake of simplicity in the drawings.
Preferably, the above etching process has a high selection ratio of the first insulative layer 16 to
the dielectric layer 12 in order to the dielectric layer 12 from being overetched. In the present
embodiment, the dielectric layer 12 is made of aluminum oxide and the first insulative layer 16 is
made of silicon oxide.

[0022] Then, referring to FIG. 6B, a metal layer 20 is formed on the photoresist layer 18 and



[0021] Referring to FIG 6A, the first insulative layer 16 is selectively
etched with the photoresist |ayer 18 being used as a mask, whereby the
dielectric layer 12 is selectively exposed. In the exposed areas of the
dielectric layer 12, electrode fingers of conmb-tooth el ectrodes and
reflection el ectrodes, which forma resonator are forned by the foll ow ng
process. It is to be noted that only sone el ectrode fingers are illustrated
for the sake of sinplicity in the drawings. Preferably, the above etching
process has a high selection ratio of the first insulative |layer 16 to the
dielectric layer 12 in order to the di eI ectri c layer 12 from being
overetched. In the present enbodi nent, gl ectrl Iaf\l/(gr 1% %g(i made of
al umi nuheglie! E‘érl‘éf‘f’de"t)@e flihe gietq hayigr 44 infﬂé § 0 1‘?6’pP"sr % pg BlﬁNoxi de.
[0022] Then, referring to FIG 6B, a netal Iayer 20 i s forned on

phot or eﬁp%ﬂmlth%ffowaawe ﬂﬁ’ée’éﬁr@l‘éé’ﬁerméta\ layar20hes a ghigknggsicigse F%S}/létr‘)fébﬁ may
be made of co and may be 80 nm 400 nmthick, faor exanple. For
exanpl eﬁrstm@uf?évalaypra Ti’@“k?é%l Iayex P} wrY B formpd B spugtering forerample- 1 r st

i nsul ative | ayer 16. The netal |ayer 20 may be forned by sputteri ng, for
exanpl e [0028D23] Thesna liftoffiptacessis prroied a4 in grdenioriemgvothe phetorsgelayerd 8eBdpve
the photoresist layer 18 and the netal |ayer 20 on the photoresist |ayer
18. Thughe hiteklayes Ghtontthoptotaksstiaystbs ohuis irst ogibniegthplecirpdesgde are fpagv@r 20
remaining in the first portion 12a of the dielectric layer 12, and second
conb- t odyitheahetal leyat@8 rominimgén therfmsidpoiont IRa ofidealieleciyelayerd 2y W?ﬂnﬁg inthe
second portion 12b of the dielectric layer 12, as illustrated in FIG 6C
The fi r sbmbrigathatectredes 20 aretfarmies byrthamgiblasergOramainingfin ihetsceapdtportwt 1R

el ectrodes 22a and the second conb-tooth el ectrodes 22b. [0024] After that,
a seconadfihesiidlettiiy bytralle s Rlastratedio e PG o Ths firs inaasive layer Koisprrargse h

el ectrodes 22 and the first insulative |ayer 16. The second insul ative

| ayer 24rowmy thxefinveabentofoot dléatrodesiiiadied (18is0cnd camy-taeth elestratyd 23bn - 1500 nm
thick, for exanple. [0025]FIG 7 is a schematic cross-sectional view of an
acousti §00d#ye daftectatranedoad insnkative layer 24 is formed so as to cover the comb-tooth

electrodes 22 and the first insulative layer 16. The second insulative layer 24 may be made of
silicon oxide (Si0,), and may be 300 nm ~ 1500 nm thick, for example.

[0025] FIG. 7 is a schematic cross-sectional view of an acoustic wave device manufactured
by the above-described method in accordance with the first embodiment. The two dielectric
layers having the different thicknesses are formed on the piezoelectric substrate 10. More
particularly, the first portion 12a and the second portion 12b that is thinner than the first portion
12a are formed on the piezoelectric substrate 10. The first comb-tooth electrodes 22a are
formed on the comparatively thick first portion 12a of the dielectric layer 12, and the second
comb-tooth electrodes 22b are formed on the comparatively thin second portion 12b thereof.
The side and top surfaces of the first and second comb-tooth electrodes 22a and 22b are covered
with the first insulative layer 16 and the second insulative layer 24. Vibrations excited by the
first and second comb-tooth electrodes 22a and 22b are propagated through the second insulative

layer 24, the first insulative layer 16 and the dielectric layer 12 and are further propagated on the
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by the above-described nethod in accordance with the first enbodi nent. The
two dielectric layers having the different thicknesses are forned on the
pi ezoel ectric substrate 10. Modre particularly, the first portion |I2a and

t he second portion 12b that is thinner than the first portion 12a are
formed on the piezoelectric substrate 10. The first conb-tooth el ectrodes
22a are fornmed on the conparatively thick first portion 12a of the
dielectric layer 12, and the second conb-tooth el ectrodes 22b are forned on
the conparatively thin second portion 12b thereof. The side and top
surfaces of the first and second conmb-tooth el ectrodes 22a and 22b are
covered with the first insulative layer 16 and the second insul ative |ayer
24. Vi bpuface akthepigzodectiy sybsiateilPst and second conb-tooth el ectrodes 22a
and 22b are propagated through the second insul ative, | ayer. 24, the first

i nsul at 18086] ay eFhelgoustig vave dayies kaving e figsypertion 13nandihel haying fhssepiidpagat ed
on the surface of the piezoelectric substrate 10. 100261The acoustjc wave
devi ce hewtiond2b haverdifferentrbrotromechepicaberyplinggocHiRsNEPCAre dydPoFd™ 18n 120
have different el ectromechanical coupling coefficients because the first
por t i onaildtheaeednd pertionddhdaysodiffersnt thipknesssse  Hils thup epsitigiocribdensa |t is
thus possible to easily forma plurality of acoustic wave devices having
di f f er epturaite of aconssisheaieclavicehayingriiffereeifeiacepmaehanisal qonplinggestfisientsditnon

pi ezoel ectric substrate. For exanple, filters having different fractional
bandwi dthessameyr bemfnon pizdoderttihenbsisaternfqsicsaropleciitars bavingsdiffergntdrastangly
[0027]FIG 8 is a schematic cross-sectional view of an acoustic wave device
i N accobaatvadthsintal ba farared anithncapimerhpiefdetostricenbetiianeaitly. The acoustic wave
device in FIG 8 is the sane as that in FIG 7 except that the device of
FIG 8 ¢029] not Fidadds 4 srbemptictrofsaalicnal view|odye pcobstiagve draicgdir epsgrdance
insul ative layer 24 on the side and top surfaces of the first and second
conb- t ostith etaeiatiorodithe fAtsh emhddifeht. The aewtis ware denice il EYG. Sds the spneagthpis g
SAW devi ce in which vibration excited by the first and second conb-tooth
el ect r odeBIRZaxeapd ti2Rthe aeeicprDiiay 8 tecs rohhaveghs first meeladye leyrs 16iaed et ri ¢

| ayer 12, nore particularly, on the first portion 12a and the second

porti on sdhnd irkslaties tyetdorathevide atdhwpstirfacss of e dirsttahé s¢dopd eorelriswdli nent may
be applied to any acoustic wave device configured so that the conb-tooth
el ect r odiestrades 2Poamb22ton Theecdistt seve devitedy EIG. B2is oS A deieadinadiidctibiagon
substrate 10. Second Enbodi nent [0028] A second enbodi nent has anot her

st ruct ureeciafd ey thié Biseartd secoridagperb-toathi eheptrdilésf22a@nd 22b are propagated on the surface

of the dielectric layer 12, more particularly, on the first portion 12a and the second portion 12b.
As described above, the structure of the first embodiment may be applied to any acoustic wave
device configured so that the comb-tooth electrodes are formed on the dielectric layer 12 on the
piezoelectric substrate 10.

Second Embodiment

[0028] A second embodiment has another structure of a dielectric layer having different
thickness portions.

[0029] FIGs. 9A through 11B are diagrams that illustrate a method for manufacturing an
acoustic wave device in accordance with the second embodiment.

[0030] Referring to FIG. 9A, the dielectric layer 12 is formed on the piezoelectric substrate

9



t hi ckness portions. [0029] FIGs. 9A through 11B are diagrans that illustrate
a nethod for manufacturing an acoustic wave device in accordance with the
second enbodi nent. [0030] Referring to FIG 9A, the dielectric layer 12 is
formed on the piezoelectric substrate 10, and the first insulative |ayer
16 is forned on the dielectric layer 12. Like the first enbodi nent, the
pi ezoel ectric substrate 10 may be nmade of I|ithium niobate, and the second
dielectric layer 12 may be nade of al umi num oxi de. The first insulative
| ayer may be nade of silicon oxide. [0031] Referring to FIG 9B, a nask
Fattern fO{ﬁEd by a photoresist layer 30 is fornmed on the first insulative
ayer 16. [0032].Referring to FI 9C, the first insulative |ayer 16 and the
di el ect rli0candd %hrsiglsg@gv Y&deiiy r‘?e‘é:?‘&ﬂ’édhql‘?ftrf%@y?rﬂizck ﬁ@éhegﬁ{riséct i on
continuously with the photoresist | ayer 30 being .used as a pmask. Thus, the
t hi cknes&befliman thy Ripzoslertric sphspiate 1@%‘)%*8?@&1? il&éF‘? R &Y hessPMdns of
the dielectric |ayer 12 havin% a reduced thickpess
Portionsﬁd?qm%$%@ﬂi%ﬁﬁﬂﬁ%ﬁﬁﬂﬁw éh@@?WB@é?eargh%ﬁ
ater.

%&W@‘L‘ggy@a}gyr%\ggisgaagg /i bed
silicon oxide.

[0031] Referring to FIG. 9B, a mask pattern formed by a photoresist layer 30 is formed on
the first insulative layer 16.

[0032] Referring to FIG. 9C, the first insulative layer 16 and the dielectric layer 12 are
selectively etched in the thickness direction continuously with the photoresist layer 30 being
used as a mask. Thus, the thickness of the dielectric layer 12 is selectively reduced. Portions
of the dielectric layer 12 having a reduced thickness form grooves (recess portions) in which
comb-tooth electrodes are arranged, as will be described later.

[0033] Then, referring to FIG. 9D, a metal layer 31 is formed on the photoresist layer 30 and
exposed surface portions of the dielectric layer 12 from which the first insulative layer 16 has
been removed. The metal layer 31 may be made of copper, and may have a thickness close to
that of the first insulative layer 16. The metal layer 31 may be formed by sputtering, for
example.

[0034] Thereafter, the photoresist layer 30 and the metal layer 31 on the photoresist layer 30
are removed by liftoff. Thus, as illustrated in FIG. 10A, the second comb-tooth electrodes 22b
are formed in the grooves in the dielectric layer 12 so as to have a thickness almost equal to the
depth of the grooves. The top surfaces of the second comb-tooth electrodes 22b are flush with
the top surface of the first insulative layer 16. The second comb-tooth electrodes 22b are
surrounded by the first insulative layer 16.

[0035] Referring to FIG. 10B, a mask pattern formed by a photoresist layer 34 is formed on
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[ 0033] Then, referring to FIG 9D, a netal layer 31 is fornmed on the

phot oresi st | ayer 30 and exposed surface portions of the dielectric |ayer
12 fromwhich the first insulative |ayer 16 has been renoved. The netal

| ayer 31 nmay be made of copper, and may have a thickness close to that of
the first insulative |ayer 16. The netal |ayer 31 may be formed by
sputtering, for exanple. [0034] Thereafter, the photoresist |layer 30 and the
nmetal |ayer 31 on the photoresist |layer 30 are renoved by liftoff Thus, as
illustrated in FIG 10A, the second comb-tooth el ectrodes 22b are forned in
the grooves in the dielectric layer 12 so as to have a thickness al nost

equal to the depth of the gfooves. Th th %yrfaﬁgﬁ of the gecogd d
conb- t otherfiral ipglatpgdayen by abhe phoipsssisifayRr 1hdeck B haye PRONES AOPYFING $5°88
insul ative |ayer 16. The second conb-tooth el ectrodes 22b are surrounded by

the firsembieqih glertyedes 3%%er 16. [0035] Referring to FIG 10B, a mask pattern
formed by a photoresist |layer 34 is formed on  the first insulg%ive | ayer

16. The {1361 or eBeferringsy BIG. 30Cbe Sirsh dnsulrbive layprekf in gelecivaly stahpd Wad disnd
conb-tooth el ectrodes 22b.g£0036]Referring to FIG 10C,_ the first
i nsul at phetoresisblayard4ibsingatsedtas ampsk, whemsbyjopgnings thabregeivthg sedacsof figyer 34
bei ng used as a mask, whereby openings that reach the surface of the
di el ect diatectrin/leyer112 ang forrhest ingthie first inselative layerilfs uPrefarakly. |thg Ahove giching
Preferably, the above etching process has a high selection ratig of the
first i psasessttiagse highselecti@n ratio phthe dirsslinssiative layas Ky tothe diglegirigdayet &2 inrpader
dielectric layer 12 from being overetched. In the present enbodi ment, the
di el ect tto theldagtentrid Ryérsl 2fege beifig avareichrdm dx theeresart embedimansthg ¢iglastae flayer
|l ayer 16 is nmade of silicon oxide. The removed portions of the first
i nsul at i12as mageof d@nhommxigecnddke firstinewstiyedeyer dhs) made affsilican prides | Flag
conb-tooth el ectrodes 22a are forned. ) ) )
removed portions of the first insulative layer 16 form grooves (recess portions) in which the first
comb-tooth electrodes 22a are formed.
[0037] Referring to FIG. 10D, a metal layer 36 is formed on the photoresist layer 34 and the
exposed surface portions of the dielectric layer 12 from which the first insulative layer 16 has
béen removed. The metal layer 36 may be made of copper, and may have a thickness close to
the depth of the grooves. The top surfaces of the second comb-tooth electrodes 22b are flush
with the top surface of the first insulative layer 16. The metal layer 36 may be formed by
sputtering, for example.
[0038] Then, the photoresist layer 34 and the metal layer 36 on the photoresist layer 34 are
removed by liftoff. Thus, as illustrated in FIG. 11A, the first comb-tooth electrodes 22a having
a thickness close to that of the first insulative layer 16 are formed on the dielectric layer 12.
The first comb-tooth electrodes 22a are surrounded by the first insulative layer 16.
[0039] Then, referring to FIG. 11B, the second insulative layer 24 is formed so as to cover

the first and second comb-tooth electrodes 22a and 22b and the first insulative layer 16. The

second insulative layer 24 may be made of silicon oxide (SiO) and may be 300 nm ~ 1500 nm
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[0037] Referring to FIG 10D, a netal layer 36 is formed on the photoresist
| ayer 34 and the exposed surface portions of the dielectric layer 12 from
which the first insulative |layer 16 has been renoved. The netal |ayer 36
may be made of copper, and may have a thickness close to the depth of the
grooves. The top surfaces of the second conb-tooth el ectrodes 22b are flush
with the top surface of the first insulative |ayer 16. The netal |ayer 36
may be formed by sputtering, for exanple. [0038] Then, the photoresist |ayer
34 and the netal |ayer 36 on the photoresist |ayer 34 are renoved by
liftoff. Thus, as illustrated in FIG 11A, the first conb-tooth el ectrodes
22a having a thickness close to that of the_ first insulative |ayer (16 are
IapERREEY

for med dnck lier expmplect Betore foymingthe sepprd inpylativedaysh 2¢ ot psusAtiNg 393 ar e
surrounded by the first insulative layer 16. [0039] Then, referring to FIG
11B, t hen sadauhying lawsniisformed, pad the siigon axide layemaybeormed thergeh (ke U ¢lst  and
second comb-tooth el ectrodes 22a and 22b and the first insulatjve |layer 16.
The secdrchridedyihgtayenis cappble of praventingeor sapisessMasraticens obthp gleciraleavsterild may
be 300 nm - 1500 nm thick, for exanple. Before formng the second
i nsul at The uhdgringddyer arayibasnadaof sibcinayisideddiNyion giligen eadidathde)-yi ng 1 ayer is
formed, and the silicon oxide layer may be formed thereof The use of the
underlyMMgO]ayeEKlizcapabﬁemﬂﬂxgﬁeW@nmhhgﬂMDf@mwa€§§Wﬁ@CEE@PQ@Fﬁng of the
el ectrode nmaterial. The underlying |ayer may be made of silicon nitride
(SiN) omamuficton inathbiabieve(BiGoned 06Hh0d Bf Bebpednd eanbodineanhit i Referriog so EKed2onal
vi ew of an acoustic wave device that is

the second comb-tooth electrodes 22b are formed in recess portions 32 in the dielectric layer 12,

and the first comb-tooth electrodes 22a are formed on the dielectric layer 12 and located in an

area other than the area in which the second comb-tooth electrodes 22b are formed. The first

insulative layer 16 surrounds the side surfaces of the first and second comb-tooth electrodes 22a

and 22b, and the second insulative layer 24 surrounds the top surfaces of the first and second

comb-tooth electrodes 22a and 22b.  Vibrations excited by the first and second comb-tooth

electrodes 22a and 22b are propagated through the second insulative layer 24, the first insulative

Jayer 16 and the dielectric layer 12 and are further propagated on the surface of the piezoelectric

substrate 10.

[0041] In the acoustic wave device of the second embodiment, the thickness of the dielectric

layer 12 between the first comb-tooth electrodes 22a and the piezoelectric substrate 10 is larger

than that between the second comb-tooth electrodes 22 and the piezoelectric substrate 10.

Therefore, the acoustic wave device including the first comb-tooth electrodes 22a and that

including the second comb-tooth electrodes 22b have mutually different electromechanical

coupling coefficients. According to the second embodiment, a plurality of acoustic wave

devices having different electromechanical coupling coefficients can be formed on a single chip

or a single piezoelectric substrate. For example, filters having different fractional bandwidths
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manuf actured by the above-nenti oned nethod of the second enbodi nent.
Referring to FIG 12, the second conb-tooth el ectrodes 22b are forned in
recess portions 32 in the dielectric layer 12, and the first conb-tooth

el ectrodes 22a are formed on the dielectric layer 12 and | ocated in an area
other than the area in which the second conb-tooth el ectrodes 22b are
formed. The first insulative |ayer 16 surrounds the side surfaces of the
first and second conb-tooth el ectrodes 22a and 22b, and the second

insul ative | ayer 24 surrounds the top surfaces of the first and second
conmb-tooth el ectrodes 22a and 22b. Vibrations excited by the first and
second conb-tooth el ectrodes 22a and 22b are propagated through the second
i nsul at icarebe ymed omthesinglerdhipst i nsul ative |ayer 16 and the dielectric |ayer
12 and are further propagated on the surface of the piezoelectric substrate
10. [0040042h t hElGatbisstschematicesrerswpeionalivie ef aeeconsiicorysdievisnin acggydance

t hi ckness of the dielectric |ayer 12 between the first conb-tooth

el ect r odeth P@aiatierdoftthesqeped oebalimentc  Shisyeriaticn iy theisemp g3 Gestredids t hat

bet ween the second conb-tooth el ectrodes 22 and the piezoelectric substrate
10. Theildfsored it FE. 32 exmepi thatthe ssdetivedleydrnate ndi fogmedhen thesisle andtap-spdeseh

el ectrodes 22a and that including the second conb-tooth el ectrodes 22b have
mut ual | ypf thefffrstrand secehé combitath electoaes 22aadi 228, ¢ Ydfrdtians exeited baghedisliang t o

t he second enbodi nent, a plurality of acoustic wave devices havin

di f f er estcont eomboowh hleoirates 220apl 22bgrapepigatsdentthe wfﬁt%efﬂlgdimdtriﬁga}@r singl e
chip or a single piezoelectric substrate. For exanple, filters having

di f f er ene. f The sthuehat obtha dedodd kmbodimentnan be rppbddn anshasonitisghaye dhvipes

[0042] FIG 13 is a schematic cross-sectional view of an acoustic wave

devi ce iconfageat sahatehaédnib-sovtaeleatodesare fortied o8 dxotieledrib tayemBhen thahi s
variation is the sanme as the structure illustrated in FIG 12 except that

t he i nsyiabéledrit ayBtrastedfe not formed on the side and top surfaces of the
first and second conb-tooth el ectrodes 22a and 22b. Vibrations excited by
the firg0043pd sachadcastibwhaoddvicelof dierfostestddmandh@@iblearie lpreophgathed on
the surface of the dielectric |layer 12. The structure of the second

enbodi mpidzoclactribeutappkil@dat thedinyt pactdnslla on wenich the first esmb-totfth glectedes?2a hat
the conb-tooth el ectrodes are fornmed on the dielectric layer 12 on the

pi ezoel egd formed ahisthe sdcend PortipN 2B whichehawoourst ¢combameth denmiodes 23b atche fi r st
enbodi nent, the dielectric layer 12 on the piezoelectric substrate 10 has
the fir Sbropal theditstbdgionn 2ahahd thetsh@nflippgioncd@bthatiagtie dffeettrtbidkes@8a e
formed and the second portion 12b on which the second conb-tooth el ectrodes
22b ar e stenagdrtidnhi@bfoif ditdigledttit tigerlReonawhich e ssesdrdmbensthelectadesBavarg t he
different thicknesses. The second portion 12b of the dielectric layer 12 on
whi ch t Fernsiare theamitorth atitihesd. e Furthelethe 2Rbtradedfifgorsne dhehesortdembriobthr m

t hi ckness. Further, the electrode fingers of the second conb-tooth

el ect r odg&132ds 2BANS pRReshhetarhe elebieodel fagers atkeor tha geoad aoionn2t.he second
portion 12b. [0044]In the acoustic wave device of the second enbodi nent,
the portpeqjof theedt@lsaeval€device of the second embodiment, the portion of the dielectric

layer 12 on which the second comb-tooth electrodes 22b are formed has the recess portions or
grooves 32 having the selectively reduced thickness in which the second comb-tooth electrodes
22b are formed. The width of the recess portions or grooves 32 corresponds to the width of the
electrode fingers. The bottoms of the electrode fingers 22b are located on the bottoms of the
recess portions or grooves 32.

[0045] In the first and second embodiments, the thickness of the first portion 12a between
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| ayer 12 on which the second conb-tooth el ectrodes 22b are forned has the
recess portions or grooves 32 having the selectively reduced thickness in
whi ch the second conb-tooth el ectrodes 22b are formed. The width of the
recess portions or grooves 32 corresponds to the width of the el ectrode
fingers. The bottons of the electrode fingers 22b are |ocated on the
bottons of the recess portions or grooves 32. [0045]In the first and second
enbodi ments, the thickness of the first portion 12a between the first
conb-tooth el ectrodes 22a and the piezoelectric substrate 10 and the
t hi ckness of the second portion 12b between the second conb-tooth
el ectrodes 22b and the piezoelectric substrate 10 are different from each
ot her . theifissteiombeipetheleciredes Rda envl bR pisgaclperpubstraty 1 ar b thickiswe I disyi ces
having different el ectronechani cal coupling coefficients on the single
pi ezoel saspnd porsiand2h bateeangthe fgond pombtapth elaerodesZibmnd thepigznsiactjicspbstigez e
the el ectromechani cal coupling coefficients on the acoustic wave devices on
t he si ng0 ereplifferons|fom edch othebst Thas diffesenceaini thejthickness sestbs Hedcaustisvavpe
fractional bandwidths of the filters formed on the piezoelectric substrate.
Thus, i tevieesposisg differant cleetadmenbaniba caeingcpelfininie od éhd degle pigrandecirite
multiple filters having the respective fractional bandw dths on the single
pi ezoel edtstrate 18ubstrate. The first conb-tooth el ectrodes 22a on the first
portion 12a of the dielectric layer and the second conb-tooth el ectrodes
22b on {006} ecoindk thay pdssible1@ basilly @ptimizedheel cronschandcal eouiplipg tgediicignis on
termnals of different signal systens. For exanple, the first conb-tooth
el ect r odesc@Bic avage donicesohelik single hezddlectic subgtrate byetakinganto gpongidezation i
output termnal, and the second conb-tooth el ectrodes 22b are connected to
t he secdndidnapbindtvidiind afahe Biters fremsé oo ti Peroplattric enbrsimtgl s ThiQ@47pahibleftor st
and second enbodinents are not limted to the acoustic wave devices in
whi ch t kalicothb-atastib wel eddvicedasingtie holtiptedilens hdvengdhetespactive fracipeal 12. The
first and second enbodi ments include an acoustic wave device in which
el ect r odasivddeds bo teathgbnpitiveledirel sabdtratec | e first 2othbdatiy eletteodds £2aeomethe
t hi ckness portions capable of realizing the different el ectronmechani cal
coupl i ngirg peftfondi2e of the djcl48] i ahd tletseamd combenath elebtddas@db sn dresseerntd
limted to the structure that uses the

portion 12b thereof are connected to input/output terminals of different signal systems. For

example, the first comb-tooth electrodes 22a are connected to the first input terminal or the first
output terminal, and the second comb-tooth electrodes 22b are connected to the second input
terminal or the second output terminals.

[0047] The first and second embodiments are not limited to the acoustic wave devices in
which the comb-tooth electrodes are formed on the dielectric layer 12.  The first and second
embodiments include an acoustic wave device in which electrodes are formed on the dielectric
layer 12 having the different thickness portions capable of realizing the different
electromechanical coupling coefficients.

[0048] The first and second embodiments are not limited to the structure that uses the
relatively thick dielectric or insulative layer provided on the SAW propagation area, particularly,

IDT. The first and second embodiments include acoustic wave devices using boundary acoustic
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relatively thick dielectric or insulative |ayer provided on the SAW
propagation area, particularly, IDT. The first and second enbodi nents

i ncl ude acoustic wave devi ces using boundary acoustic waves. For exanple,
in FIG 7, yet another insulative |ayer nay be provided on the second
insul ative |ayer 24, whereby the acoustic wave is propagated on the
interface between the two insulative |ayers. [0049] The first and second
enbodi ments are not limted to the |ladder filters (FIG 4) but includes
ot her types of filters such as multinode filters. [0050] The present
invention is not limted to the specifically disclosed enbodi nents but
ot her variations and enbodi nents may . be made mnthqgt de tiﬂg frqglthe
scope ofvavéfe pFreexsmpld p/dh 7.0t anO@IPAI‘IN’BlaW%ﬂay?rsm% on the secon

insulative layer 24, whereby the acoustic wave is propagated on the interface between the two
insulative layers.

[0049] The first and second embodiments are not limited to the 1adder filters (FIG. 4) but
includes other types of filters such as multimode filters.

[0050] The present invention is not limited to the specifically disclosed embodiments but
other variations and embodiments may be made without departing from the scope of the present

invention.
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1. An acoustic wave device conprising: a piezoelectric substrate; a
dielectric layer formed on the piezoelectric substrate; and first and
second conmb-tooth el ectrodes formed on the dielectric |ayer, t he
dielectric layer having a first thickness between the first conb-tooth

el ectrodes and the piezoelectric substrate and a second thickness between
the second conb-tooth el ectrodes and the piezoelectric substrate, the first
and second thicknesses being different fromeach other. 2. The acoustic
wave device according to claiml, further conprising: a first filter
including the first conb-tooth el ectrodes; a second filter including the
second comb-tooth el ectrodes, the first filter being connected to a
signal &P different fromthat to which the second filter is connected.
3. The acoustic wave device according to claim2, where the first and
second fWhatéerdaimgdes:di fferent fractional bandwi dths.

1. An acoustic wave device comprising:

a piezoelectric substrate;

a dielectric layer formed on the piezoelectric substrate; and

first and second comb-tooth electrodes formed on the dielectric layer,

the dielectric layer having a first thickness between the first comb-tooth electrodes and
the piezoelectric substrate and a second thickness between the second comb-tooth electrodes and

the piezoelectric substrate, the first and second thicknesses being different from each other.

2. The acoustic wave device according to claim 1, further comprising:
a first filter including the first comb-tooth electrodes;
a second filter including the second comb-tooth electrodes,

the first filter being connected to a signal system different from that to which the second

filter is connected.

3. The acoustic wave device according to claim 2, where the first and second filters

have different fractional bandwidths.

4. The acoustic wave device according to claim 1, wherein the dielectric layer has a
first portion on which the first comb-tooth electrodes are formed, and a second portion on which

the second comb-tooth electrodes are formed, wherein:
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4. The acoustic wave device according to claim1l, wherein the dielectric

| ayer has a first portion on which the first conb-tooth el ectrodes are
formed, and a second portion on which the second conb-tooth el ectrodes are
fornmed, wherein: t he second portion having a thickness smaller than
that of the first portion; and electrode fingers of the second conmb-tooth
el ectrodes and spaces between the el ectrode fingers are |ocated on the
second portion of the dielectric |ayer. 5. The acoustic wave device
according to claiml, wherein the dielectric |layer has recess portions
having a width corresponding to that of electrode fingers of the second
conb-tooth el ectrodes, and the el ectrode_ fingers q; tPe second conb-tooth
el ectrodes ar&eperopggortian hpdng adhicknessynallghihan that of the figst pofian 288 st ¢ wave
device according to claim1, wherein the dielectric |ayer includ?s al um num
oxi de. eleqtrody fiagese o isecond vempréentle elegfeads? anchipasss beivarnihe clqctipdder
conprising an insul ative |ayer provided so as to cover the dielectric

| ayer, fihgers pnedecatedeib-thowscpndpastion aifbe dighgiricHayesecond comb-t oot h

el ect r odes. 8. The acoustic wave device according to claim?7,
wherein the insulative |layer includes silicon oxide. 9. A nethod
for manufacturing an acoustic wave device conpri sing: ) ~formng a

di el ectric | afer Thracaugicevayeldevice aqsorsiittastoctaim 1. wheredy e digteetric 1ay4yB3s havi ng
first and second portions having different thicknesses; formng first

comb- t ootchssqlogtixns hadag @ widtheofrespendipgta thafrpl elegiode fingers of the secon

comb-tooth electrodes, and the electrode fingers of the second comb-tooth electrodes are formed

in the recess portions.

6. The acoustic wave device according to claim 1, wherein the dielectric layer

includes aluminum oxide.

7. The acoustic wave device according to claim 1, further comprising an insulative
layer provided so as to cover the dielectric layer, the first comb-tooth electrodes and the second

comb-tooth electrodes.

8. The acoustic wave device according to claim 7, wherein the insulative layer

includes silicon oxide.

9. A method for manufacturing an acoustic wave device comprising:
forming a dielectric layer on a piezoelectric substrate, the dielectric layer having first
and second portions having different thicknesses;

forming first comb-tooth electrodes on the first portion; and
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form ng second conb-tooth el ectrodes on the second portion.

forming second comb-tooth electrodes on the second portion.
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