cefe3de[ X\ (Z6T: @ i 2 s ~aN Zoo3 BACKGROUND OF THE I NVENTION 1. Field of
the I nvention The present invention relates to a nethod of nanufactfgwgggm
surface acoustic wave el enent and a surface acoustic wave apparatus ;
particularly, the present invention relates to a nethod of nanufacturlng
and adjusting the frequency of a surface acoustic wave el enent. 2.
Description of the Related Art A conventional frequency adju
trimm ng nethod for a surface acoustic wave deV|ce whi ch redmmmWME @"Wum“
thi ckness of an interdigital transducer (I1DT) or piezoelectr
di scl osed in Japanese Unexam ned Patent Publlcatlon No. 2-1890117"%%%" t he
conventi onal nethod as shown in Fig. 6A IDT 21 ais selectlvely et ched so
as to reqUE® EACK NG ALH E AQ { A
frequency thereof Alternatlvely, as shomn in Flg 6B, the upper surface of
an exposed piezoelectric substrate 20a is selectively etched so as to

partia he piezoel ectric substrate 20a, thus
reduci Hf?k@%@&@ﬁ@ﬁﬁﬁ&mﬁ en IDT 21 a is made of Al, which is the
nost conmmon material used for surface acoustic wave devices, reduction in
the thickness of the IDT causes very little increase in the frequency.
Thus, ddj @Eéldngd thévénventignency by reducing the thickness of IDIs is not a
practlcal and comrercially useful method. In general, as a npethod of

perform ng Jﬁ%"@ﬁ?%”‘t’?@&t’h@'ﬂt% 10 adPetBPE K AANWRFUHNS 2SUstace arouatic

Ho A h th t hi
ot hod WAV, Bgmelicahl e SUrfied BEBLAR el aBYARs, "IRH bariBuldng, Bhe {0 ©
such a plrrﬁém(ﬂn\t@tlbﬁ ra&mls foce mietteed oivganufacfifingaan d@djastimgibecfredueney \wif dt h.

Mot eover,
a surface acoustic wave element.

2. Description of the Related Art

A conventional frequency adjusting or trimming method for a surface acoustic
wave device which reduces the thickness of an interdigital transducer (IDT) or
piezoelectric substrate is disclosed in Japanese Unexamined Patent Publication No.
2-189011.

In the conventional method, as shown in Fig. 6A, IDT 21a is selectively etched
so as to reduce the thickness of the IDT 21a, thereby increasing the frequency
thereof.  Alternatively, as shown in Fig. 6B, the upper surface of an exposed
piezoelectric substrate 20a is selectively etched so as to partially reduce the
thickness of the-piezoe|ectric substrate 20a, thus reducing the frequency.

However, when IDT 21a is made of Al, which is the most common material
used for surface acoustic wave devices, reduction in the thickness of the IDT causes
very little increase in the frequency.  Thus, adjusting the frequency by reducing the
thickness of IDTs is not a practical and commercially useful method.

In general, as a method of performing an etching treatment, a wet etching
method has been used. However, since the fine size treatment achievable through
the use of this method is only up to 1 um, there is the problem that it is impossible for

such a method to be used for treating an IDT having a smaller line width. Moreover,
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2 9 JAN Z003 since the precision achieved with an etching nethod is
relatively low, it is likely that the surface of the piezoelectri €29 JAN 2003
substrate will also be partially etched during the etching process,

al though the IDT is only required to be etched. As a result, it is

i npossi ble to adjust the frequency characteristic of an el asti c surface
acousti c wave device such that the adjustnent is carried out as freely as

rr oat mosincR b pEPaHoN Ve \aih B Frehifio BEARH fs BN ARO8uRERa (e
R E net {hedst@acs o shé "&ézééléct%oétﬂas%f@’imlb%lﬁi pBeshartially ré@ctféba@t]ﬁh?Qﬁet he

R E device. So, if electrode filnse within a wafer do not have uniform
t hi cknestshirig prcs:etsapatttsmtgrettteoll:b't ionlyaepaired 40 bet etehed. t Aeat rasult, itThus, a
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i ndi vi du inthe RE However , adj ust nent i s not
very effici eAddiionatyta methebthat $s capablgmfprmddmglmhlgrhotseatmelﬁmptémswnt he

| ect tch t ] DT | ect trat d d th
chem cal® BEdRereiesiop EERINa tHEN R taPe; capusts de HiSeiad rRabkes s
there e@ﬁaheew%%t R étH LA e LicRABL: OF thetmil §8Ligds sbak ee%tto%e'fﬁﬁ%' vel y

etch eit or t e piezoelectric substrate. In addition

R E net witdin avwaferado nd¥havedmifofmAtickrsessoitleinpossitde tmeffeqtiaerartblestthing

substrate nmade o uartz,(ﬁéf\{st_ae( CF4 is eégd as the reactive gas to adjust

the freHB&WRSNL ATNHAI 3 UNTREN thigkReSSS 1§AYIFRAINBPRUIE AT G20E AO9F RIREVESar t 2

crystal a@?:‘asé‘oé"‘ Il result in the quartz crystal being etched nore than the
esul the frequency will have to be adjusted by obtaining a

condl tion thMoresveryubseard mférystdn&de@moaeverral whipchnitshef syrfede acodstice of
t he piezoel ectric substrate shown in Fj is selectively etched.

However WaYR&ICHREIS. d9Ret FB qrgtster@deﬂaweﬁa? et a%stﬁﬁént%&%m the RIEs
requi r e tﬁswgtezmt%ﬁa of aHRRHEAL R R vy RBfio & WRNAP AT | "

order to obtai arge trequency change.
pi ezoel btghrprodeuthxm cadte. i s etched too rruch and in too Iarge an anmount, the

characteri st c t he pi ezoe ric su rate w be deterio ed dueto

the toni ng. FRERERRT SERETYF ?@Emaoftaﬁﬁﬁpumeneﬁtoeaﬂtnarﬂ Sglesneitted | n
a rangeoh indBhemical propetddbh HRABT A FiekSelBerRIAGERLT SAd & ré’ﬁilﬁrthé}'eat i on.
Consequently, a pro moccurs in that the range for adjustin

f r equenmayirot\exisy arsaiteble. etSUAMNEREtEHNJ His tHaYER Isele cTively\adctt emeeltthe IpTobl ens
descri bed above, preferred enbodi nents of the present invention provide a

met hod BF NFaRi§PSR/EEIMCRYPSalf f ace acoustic vvave device in which the
frequency of |4 Q@dlﬁHﬁf\ﬁﬁﬁttﬁ@R\EHe@hd@Wﬁwéﬂ?ﬁ dchf‘iﬂtlé‘m Be ¢ I‘Fﬁecf"oﬁ“ade

range. The preferred enbodi nents al so row WhIC allows the
sur f acep@zoaksctric sabstrate vnade tad qLarudgcrustaEODlers esed adi ttmerretaethb\gaeetp and

Lo, 0e  adlytal 56k WachentPash g, e LT SRMERC eoPhertGnd R b Sl SRHSTCY

One pr egRlstAhriRNBRPHIMRILILGH thé {uBHE TPYNtal BURYdtObPFidYs ¥8sn thdmRl.NoAk af
result, the frequency will have to be adjusted by obtaining a condition that is
substantially the same as in which the upper surface of the piezoelectric substrate
shown in Fig. 6B is selectively etched. However, when such a method is used for
adjusting the frequency, it is required that the piezoelectric substrate be etched in a
large amount in order to obtain a large frequency change. On the other hand, if the
piezoelectric substrate is etched too much and in too large an amount, the
characteristic of the piezoelectric substrate will be deteriorated due to the etching

treatment. As a result, an adjustment can only be performed in a range in which



manuf acturing a surface acoustic wave el enent including the steps 3fAN2W3
providing a piezoelectric substrate having an interdigital transda 4

where the interdigital transducer has a higher density than the

pi ezoel ectric substrate, and ion bonbarding the interdigital transducer and
t.he piezoelectric body simultaneously. In another preferred enbodi nent of
the present invention, a nethod of manufacturing a surface acoustic wave

devi o0 thEA MRS chABAU AR AlielbaREh! N8chgERtal | Sebfbrd dBLGAOR! et flec

ére the nmeta |ezoel ec
body, frangergr ad,plsm@thetye@uemdytlgrvér)gna@bwtransducers on the pi ezoel ectrl o
body, cutting the piezoelectric body into a plurality of surface acoustic
wave el ements such that eactl of the surface acoustic- el enents has at

| east i L g r, sinmultaneously etching the at | east one
i nter d%ﬁW’aﬁ%Edﬂ%Jhgﬁﬁﬁqﬁgpl ezoel ectric body, and packaging at |east
one of the spsiRercREOURE IFoMRIR Qé@%@dsabé\ﬂe ptetdifdd RifiRlimeRtsesogl ment
of the present invention, a method of manufact'uring a surface acoustic wave
devi ce praeéu@eyepm@vpcbw@ a methed of manmfmguanglawtafacewqmrustmu\eaveldyvi@

t ransducer,s

f it fa t
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adjusting a frequency t he packaged s ace acoustic
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i nvention, the surfae] Pf t he piezoel e body is al so preferabl y etched
e fishefe e
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that t ,;Leﬁ:[ | DTs are made of a net aI
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el ¥ B el RSl cpdns BIrasIEe S harY SHRUMTRAIED  ne Sane. - As
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partial adjustnent of the frequency in a shortened tinme period. Oh

f eat ur epigzeelestiin oayd andl packaeisgott tleastpoesent theveunfacm anolurstmewave
descri bed in detail belowwith reference to preferred enbodi nents of the
present SEMAHEi on and the attached drawi ngs. BRI EF DESCRI PTI ON OF THE
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pr esent TAvent i
one |nterd|g|tal transducer, packaging at least one of the surface acoustic wave

elements, and adjusting a frequency of the packaged surface acoustic wave element.



Figs, 2A to 2E are perspective views illustrating the steps involved in the
manuf acturing process of the first preferred enbodi ment of the preqqpyANamj
irnvention; Fig. 3 is a partially enlarged cross-sectional view show ng t
etched state of IDIs in the first preferred enbodi nent of the present
i.nvention; Fig. 4 is a block diagramillustrating a manufacturing process
according to a second preferred enbodi nent of the present invention; Fig. 5
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convent’i onal etching’ nethod, and which al so shows the | DTs bei ng
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shown i ﬂaﬁf'ﬁ sugface I@QHSt'Cas"aé’ﬁc%’Y'qehs‘Fraﬁ tOZBdUEer%@ hicknass QLflthSr'&Tef”aTbl y
havi ng Al rmg—g Hecﬁr éh%ﬁ f h waf er
10 by mg@d%&évatggr epositi (E)ﬁrﬁglrclagbé erl n%%tﬁge% ﬁ(')%%% gf:e tgurc{J %I

pr ocessthelheqyenpyrvwithaus hatinghe sordps off idrge Ancanes ofethe \ptekdayeattic matgrialt hus
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invention and the attached drawings.

BRIEF DESCRIPTION OF THE ATTACHED DRAWINGS
The present invention will become more fully understood from the detailed

description of preferred embodiments described below and with reference to the



invention. As shown in Fig. 3, an ion sputtering apparatus 16 has an ion
gun 16a) a gas inlet 16b for introducing a gas such as Ar to produggoﬁ
sputtering effect, a grid 16¢c, a stage 16d to support the surface Qtzp[g
wave el ement 13. Further) an ion beam 17 collides into the surface of the
surface acoustic wave elenent 13 so that it is possible to etch the surface
of the IDT 11 a preferably made of Ta and the surface of the piezoelectric

substr t RIS
there IaA';C%RO ”Qr’?e&’.raﬁm‘ tﬁrfee @?gﬁibﬁgﬁégt@eﬂ{)ﬁﬁﬁo“ﬁnﬂdr the etd%hl ng rate
of the ligwlatHezprespat mk/)antrdsreﬁndrvmeﬂan'hed in the sane amount. However, 6 2 9

JAN 2003 the_anpunt of etching required of the Ta for the frequency to
shift towar dd9t hds @ Bieck rdé%gréﬁbgth@traténg @ mapHfaclyiNg RERFesh acsRIING toR

etchin F%E@% éerﬁ%%gbtbé’@ﬁ“%ﬁ% t59ﬁ§¥§é é)rftr tnhe frequency to shift towards

the lo |ng process, the frequency of the

surface acousgsc2nane 2Bl Qr@ﬁérsb%chﬁe &ﬁﬂéw&r%tﬁam@stﬁeos@shrngb%d iNofHR t hat
the nmethod of the present invention is not limted to being applied to a

| ongi t udamafirEiuragupredsephibe firstpieferced gothesiment@htbefpresent invention;
reflectors sent . inventi n_al dt t her
Lypes of surflcd et R o e Brsll el Smita iRt sl oot
resonat|piTs ia trhetr%tqirétér%@hsddrhtéﬁt% thaptés%ermiehﬂ@nf ilter, and an edge
refl ection type surface acoustic wave devi ce) which does not have

reflectors. FHgr#ren blalckhina@'arrpﬂlel§tratlngr@eﬂ@nuwtwmarm59d¢a@ngéera
described wiith fﬁf C{Tgnée togpg ftDT ma etof Ta the present invention is not
be |inm%% nfjcPrF e gHROgimery |'P19Pé%°te” {TentBe: may be made of W Au, Ag,
Pt, M, N, fg)5G.a BRckdiagramh |IIM§tr9f|n?ra ﬁta'rtgyactrﬁrrng)bﬂ%es§tﬁdc@m:ﬁ hgterials

havi ng a density that is great er than that of the piezoelectric substrate
I\/breovethtrd@remmmhodlmmDéMPremeetmeeldoenbodr ments, quartz crystal was
used as the r| al

i's not |imte§: A'ﬁaﬂtaéﬁﬂtét%’é o s raiat e o Owuggtftf eg?@,gc[‘gqa'té% ntion

al so pgapsisblre & RhvéMtorkl e@t@l@ihgch{étﬁoéuﬁﬁa rﬁﬁr@hbﬁlsﬁagﬁo\% thet DTt Mbejng
tantalate, |ithiumniobate, zinc oxide, lithiumtetraborate, |angasi te or

ot her ﬁﬂleabdeéy gtohed ahd. Further; although in the present preferred

nmbodi ts, d th f t,
TheCS aeont FiGohE s A partialy enfarbed oo Baticani iy SABwird ah SR g "
The gasefusrd ok ddveRESHAT SERIAG HRhA], ShdRhfch 8188 SHAW tHte p2defiefit as
CF,, C2F6, or a chlorine gas such as CCl4) CF3Cl, or N2 gas or an N2 gas

m xt ur e%uhﬂtrattﬁ heingssatestivelyyatebsd. Moreover, it is possible to use different
gases. For exanple, first using Ar gas and then using N2 gas is possible.
Alternatively, the etching process nmay be perforned by virtue of plasm

treat "EDETWILED DESCRIPTION OF PREFERRETIEMBODIMERTSent  pref erred
enbodi nents an ion gun was used during the etching process, the present

i nvention i sOnetofltthemnewetfeaweagf arefeundbmqutmemm\btzmrgaant iIAvetinTon

sputter.in arat us can_.al 89 d.t cond verse s rin

CF oat moRELCERPBoRt & HerslerEic S iate 2R Migitighel BEESSiaroR T i

i 11 ust rigdd Bohigher BERSBA thafpf th@aﬂéﬁéélb!éfrld‘gu@stﬁd!éf ane ei‘é’rﬂH?tthé IDAVEh S ce

according to a second preferred embodi ment of the presen
piezoelectric substrate at the same time via ion bombardment. Etching via ion
bombardment is mainly a physical process. Thus, the method of preferred
embodiments of the present invention can be applied to many different combinations
of substrates and IDTs. In addition, since the IDTs have a density larger than the
piezoelectric substrate, etching of the IDTs predominantly effects frequency
adjustment of the surface acoustic wave devices, whereby the frequency of the
surface acoustic wave device can be adjusted or trimmed. In most cases, the

frequency is adjusted so that it is increased.



i nvention. The second preferred enbodinent is different fromthe first
preferred enbodi ment in that the process of adjusting the frequendyd JAN 2003
preferably a multi-step process occurring after formation of the IDT and
after the packagi ng process. The frequency adjustnent process after
formation of the IDT nmay be carried out during wafer formation by

i ndi vidually adj usting each elenment with the use of the apparatus shown in

Fig. 3. Ont ther and, fre . adj t per
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Therefore Ine a ustnents to requency of the piézoelectric el enent
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havi ng goRb@Rekirelgssi ty than sai d piezoelectric substrate; and ion
bombarding said interdigital transducer and said piezoel ectric body
si mul t aneousFig. 3 is a schematic view illustrating the process for adjusting the frequency of

the surface acoustic wave element in a preferred embodiment of the present
invention.
As shown in Fig. 3, an ion sputtering apparatus 16 has an ion gun 16a, a gas
inlet 16b for introducing a gas such as Ar to produce a sputtering effect, a grid 16c, a
stage 16d to support the surface acoustic wave element 13. Further, an ion beam
17 coliides into the surface of the surface acoustic wave element 13 so that it is
possible to etch the surface of the IDT 11a preferably made of Ta and the surface of
the piezoelectric substrate 10a preferably made of quartz crystal.
At this moment, since there is no change in either the etching rate of the Ta or

the etching rate of the quartz crystal, they are etched in the same amount. However,



2. The nethod of claim1l1l, wherein said step of ion bonbarding includes the
step of reducing the thickness of said interdigital transducer and2$ajAN 2003
pi ezoel ectric body. 3. The nethod of claim1, wherein a plurality of the
interdigital transducers and a plurality of reflectors are formed during
said step of ion bonbarding. 4. The nethod of claim 3, further conprising
the step of cutting the piezoelectric substrate at a portion where the
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1, wherfpddudna9 sideiR miich sshipahandiartbuitiof etohirey ticquiiredl of thenadte efysiad sai d
pi ezoel ectric body includes the step of applying at | east one of Ar gas,
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transducer and said piezoelectric body. 6. A hod .qf, .manufacturing a
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provi dignhgnet.ezoel ectric body; disposing a metal filmon the piezoelectric

body, said™nmetal filmhaving a higher density than said piezoelectric body;
form ng a plNotel thaythef metitosk ofi thetraesentangehiiosris not lirtitedjo &2og appliidctobody ;
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one inter Ital transducer and sal d piezoel ectric body; and packagl ng at
| east odevicds sheh sag Baserfacs Eoustioevavee resonater, & laterallyreobpidddilter] @ m 6,

wher ei I d step of etching includes adjusting the thickness of saj
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6, ' wher gl | el ot gfor&t ching includes ion bonbarding said at |east one
of the ﬁ%e'? i%ta’%m?rgrrls'ducers and said piezoelectric body. 9. The nethod
of claim 6, Funthédrerltbough ipsesentt preferteg eafbadimebisntered bagn sheisdriled vethst one

R s Lt e e 2 L T L Ry
of adj Ust+49 gt HEITeRRyYe FRLE IR 2AufAdPt, Mo, Ni, Fe, Cu, Co, Cr, Zn, Mn
or an alloy, or other suitable materials having a density that is greater than that of the
piezoelectric substrate.

Moreover, although in the present preferred embodiments, quartz crystal was
used as the material for the piezoelectric substrate, the present invention is not
limited to a piezoelectric substrate made of quartz crystal. It is also possible that the
piezoelectric substrate be made of lithium tantalate, lithium niobate, zinc oxide,
lithium tetraborate, langasite or other suitable materials.

Further,"although in the present préferred embodiments, Ar was used as the
etching gas or the gas for ion bombardment, the present invention is not limited to
using Ar gas for ion bombardment. The gas used for ion bombardment can also be
carbon fluoride gas such as CF,, C,F,, or a chiorine gas such as CCl,, CF,Cl, or N,
gas or an N, gas mixture, or other similar gases. Moreover, it is possible to use
different gases. For example, first using Ar gas and then using N, gas is possible.
Alternatively, the etching process may be performed by virtue of plasma treatment
using N, gas.

Moreover, although in the present preferred embodiments an ion gun was

used during the etching process, the present invention is not limited to using an ion



11. The method of claim 10, wherein said step of adjusting the trn?gpﬁgzmgs
performed by etching said netal filmusing a wet etchant. 12. The ne f
claim6, wherein said step of etching includes ion bonbarding said at |east
one of the interdigital transducers and said piezoelectric body by applying
at | east one of Ar gas, carbon fluoride gas, a chlorine gas, and an N2 gas
to said interdigital transducers and said piezoelectric body. 13. A nethod
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acoustic wave el ements, each of said surface acoustic wave el enents having
at |east ondipnftdpcd Blackl diagram dlustiating 48R Kjpeepsael Magstachiinme siufage
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I ncl udggpvétdi.ng said interdigital transducers and wafer. 14. The net hod of

claim 13, wherein said step of adjusting the frequency includes ion
bormbar di ng sHiel seadngc erafesiest ienhediemest deefdifferenmt fmme Whet Hisst erefermsiom 13,
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bonbardi ng by applyrng at |east one of Ar gas, carbon fluoride gas, a
chl or i rfeequancyaadjustmer pyasessoatier treation o the dstmay wevearsed mstitduring.  The
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metal fdddWn in Fig. 3. On the other hand, the frequency adjustment can be performed
approximately with the use of a conventional etching treatment.

In carrying out frequency adjustment after the packaging process, a surface
acoustic wave element is inserted into a package and is electrically connected
through wire bonding or face-down bonding, thereby correcting deviations from the
desired frequency in the surface acoustic wave device in the package. At this
moment, since this is a different process from the frequency adjustment process
conducted after the formation of the IDT, and since it is impossible to use the
conventional method, the apparatus of Fig. 3 is preferably used so as to individually
adjust the elastic surface acoustic wave device.

Fig. 5 is a block diagram illustrating a manufacturing process of a surface
acoustic wave-device according to a third preferred embodiment of the present
invention. The third preferred embodiment is different from the first preferred
embodiment in that the process of adjusting the film thickness process is carried out
after the formation of the metal film.

The process of adjusting the thickness after the metal film is formed may be
carried out using a conventional etching method. Alternatively, an approximate
adjustment can first be performed using the conventional etching method and then
the thickness can be adjusted individually with the use of the apparatus of Fig. 3. In
the present method, since the thickness of the metal film is made uniform while in the

state of a metal film, it is possible to prevent frequency irregularities caused by



19. The method of claim 13, further conprising the step of cutting the
wafer at a portion where the plurality of interdigital transducer s%grﬁw%&
l.ocated to formthe plurality of surface acoustic wave el enents.
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2. The method of claim 1, wherein said step of ion bombarding includes the

step of reducing the thickness of said interdigital transducer and said piezoelectric
body.

3. The method of claim 1, wherein a plurality of the interdigital transducers

and a plurality of reflectors are formed during said step of ion bombarding.

4. The method of claim 3, further comprising the step of cutting the
piezoelectric substrate at a portion where the plurality of interdigital transducers and

the reflectors are not located to form a plurality of surface acoustic wave elements.

5. The method of claim 1, wherein the step of ion bombarding said
interdigital transducer and said piezoelectric body includes the step of applying at
least one of Ar gas, carbon fluoride gas, a chlorine gas, and an N, gas to said

interdigital transducer and said piezoelectric body.

6. A method of manufacturing a surface acoustic wave device, said method
comprising the steps of:

providing a piezoelectric body;

disposing a metal film on the piezoelectric body, said metal fiim having a
higher density than said piezoelectric body;

forming a plurality of interdigital transducers on the piezoelectric body;

cutting said piezoelectric body into a plurality of surface acoustic wave

10
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simultaneously etching said at least one interdigital transducer and said

piezoelectric body, and

packaging at least one of the surface acoustic wave elements.

7. The method of claim 6, wherein said step of etching includes adjusting the

thickness of said interdigital transducer and said piezoelectric body.

8. The method of claim 6, wherein said step of etching includes ion

bombarding said at least one of the interdigital transducers and said piezoelectric

body.

9. The method of claim 6, further comprising the step of ion bombarding said

at least one of the interdigital transducers and said cut piezoelectric body after said

step of packaging.

10. The method of claim 6, further comprising the step of adjusting the

thickness of said metal film.

11. The method of claim 10, wherein said step of adjusting the thickness is

performed by etching said metal film using a wet etchant.

12. The method of claim 6, wherein said step of etching includes ion

bombarding said at least one of the interdigital transducers and said piezoelectric

body by applying at least one of Ar gas, carbon fluoride gas, a chlerine gas, and an

N, gas to said interdigital transducers and said piezoelectric body.

13. A method of manufacturing a piezoelectric device, said method

comprising the steps of:

providing a wafer;
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interdigital transducers and wafer.

14. The method of claim 13, wherein said step of adjusting the frequency

includes ion bombarding said surface acoustic wave element.

15. The method of claim 13, further comprising adjusting a frequency of at

least one of said surface acoustic wave elements prior to said step of packaging.
16. The method of claim 13, wherein said step of adjusting the frequency

includes ion bombarding by applying at least one of Ar gas, carbon fluoride gas, a

chlorine gas, and an N, gas to said surface acoustic wave element.

17. The method of claim 13, further comprising disposing a metal film on said

wafer.
18. The method of claim 18, further comprising wet etching said metal film.
19. The method of claim 13, further comprising the step of cutting the wafer

at a portion where the plurality of interdigital transducers are not located to form the

plurality of surface acoustic wave elements.
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