PCT/ JP0O2/ 00498 SAW Devi ce and Method for Manufacture Thereof 5 Field of
the I nvention The present invention relates to a surface acoustic wa

ve
(SAW dew in a radi o conmuni cati on appar at usel umﬂwlllllﬂﬁmknd a
met hod owéﬁé%@é%ibf?n ng the devi ce. Background of th m“ H
conventional surface acoustic wave (SAW device is disclosed “insPFapanese
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of a primary part of the SAWdevice. The SAWdevice inclu
pi ezoel ectric substrate 1 made of Ilesoyipdigmstal materi al , sﬂ@m\aﬁ\\“m\ﬂ“‘mwhl um
tantal ate, and interdigital transducer (IDT) el ectrodes 2 surtace

of the piezoelectric substrate 1. The IDT el ectrode 2 incl udes " @f°* upper

| ayer 5 and a |lower | ayer 3 both_pade _of al um num al] oy containing

titani umand an i nt%ﬂé&egi(‘@ ang, Methodder Mpmudgctuse Thereobr the 1ike for
preventing alum numalloy crystalline particles fromgrowi ng and for 20
reducing the local cell corrosion. The IDT electrode 2 is made of the

alumpumalloy at its top. Therefore, en bei ng exposed to hi gh-noisture
at mosphere for a consider abl gﬁeﬁ@fﬁ’%r&qwnthe el ectrodes nmay cause

| uninumin ig to b d, declining it t 5 S
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resi stangg; yse in a radio communication apparatus or the like and a method of

manufacturing the device.

10 Background of the Invention

A conventional surface acoustic wave (SAW) device is disclosed in
Japanese Patent Laid-Open No.11-163661. Fig. 10 is an enlarged cross
sectional view of a primary part of the SAW device. The SAW device
includes a piezoelectric substrate 1 made of mono-crystal material, such as

15  lithium tantalate, and interdigital transducer (IDT) electrodes 2 on the
surface of the piezoelectric substrate 1. The IDT electrode 2 includes an
upper layer 5 and a lower layer 3 both made of aluminum alloy containing
titanium and an intermediate layer 4 made of Cu, Si, Ge, or the like for
preventing aluminum alloy crystalline particles from growing and for

20 reducing the local cell corrosion.

The IDT electrode 2 is made of the aluminum alloy at its top.
Therefore, when being exposed to high-moisture atmosphere for a
considerable length of time, the electrodes may cause aluminum in it to be
corroded, thus declining its properties.

25

Summary of the Invention

A surface acoustic wave (SAW) device has a high moisture resistance.



PCT/ JP02/ 00498 2 The device includes a piezoelectric substrate, an
interdigital transducer (IDT) electrode on a first surface of the

pi ezoel e } te, and a resin coating for covering the |IDT
el ectrodgﬁdrtxﬁgytggi%aece of resin mategial of the resin coating is dipped

in an anount of pure water as solvent having a nmass 5 as 10 tines great as
the piece of resin material at 120C under 2 atom pressure for twenty
hours, a concentration of chlorine ion in the solvent is not higher than
50ppm Briked dewier imelides of nikzoercivicnggbsitoats, gan linterdigitabdzansdudesnal

vi ew of an SAW devi ce accqording to Enbodinents 1 to 9 of the_ present

i nvent i oflIDE) glechrqde am achrsr sjadaceet ths iesgelagte sabgtuater §nday rein t he
SAW devi ce of Enbodi nents } hp 5. Fig. is a cross sectional view of the
SAW devi ¢8abnedanseverang the IDJ elsctgode; g.Xf riagpigee phresiy geategipdiof thew of

t he SAW devijce of Enbodinents 1 to . Fig. 5is a cross sectional view of
the SAW &@%%@a&n%@l&p@r}p@qawuﬁof mgrpivggatee; BRSO I RAVIBE A AR vi ow
of the SAWdevi.ce of Enbodipent. 6. Eiqg..7 is an.enl ar cross _sectional

Ol ow Bt eI e SrenloAs the Wiagh ofousin hRteRmlcal J2RrC Andes 2 G e
enl arged cross sgct,ional view of a prjnar ri, of the SA devi ce .of
Ebod: meriegsurscioF, tyretgy; Rours, A eicBhbitioh B thiofims: 1535t Hoe SERPRSS: ce of

Enbodi ne . | is_an enlarged cross sectional view of a primary
part of Q{Otggﬁ}\}@nﬁ?%%gpbmdevi ce.

Brief Description of the Drawings
10 Fig. 1 is a cross sectional view of an SAW device according to
Embodiments 1 to 9 of the present invention.
Fig. 2 is an enlarged sectional view of a primary part of the SAW device
of Embodiments 1 to 5.

Fig. 3 is a cross sectional view of the SAW device of Embodiments 1 to

15 8.
Fig. 4 is a cross sectional view of the SAW device of Embodiments 1 to
8.
Fig. 5 is a cross sectional view of the SAW device of Embodiments 1 to
8.
20 Fig. 6 is a cross sectional view of the SAW device of Embodiment 6.

Fig. 7 is an enlarged cross sectional view of a primary part of the SAW
device of Embodiment 7.
Fig. 8 is an enlarged cross sectional view of a primary part of the SAW
device of Embodiment 8.
25 Fig. 9 is a cross sectional view of another SAW device of Embodiment 8.
Fig. 10 is an enlarged cross sectional view of a primary part of a

conventional SAW device.



PCT/ JP02/ 00498 3 Description of the Preferred Enbodi ments (Enmbodi nent 1)
Fig. 1 is a cross sectional view of a surface acoustic wave (SAW device 5
accordin iqent 1 of the present invention. Fig. 2 is an enlarged
vi ew of g“%@?ﬁ@?gg%gft of the SAWdevige shown in Fig. 1. Figs. 3to 5 are
cross sectional views for explaining steps of fabricating the SAW device
shown in Fig. 1. The SAWdevi ce of Enbodinent 1 includes a SAWel enent 14.
The 10 SAWel enent 14 includes a piezoelectric substrate 10 for
propagating a surface acoustic wave, interdigital transducer (IDT)

el ectrodes 11 for exciting, the surface acoustic wave, reflector electrodes
12 at both sides of thidesqptien ettheHeeferred Bmbogdimentect r odes 13 connect ed
electric hly to the |IDT electrodes 11. The el ectrodes are provided on the
surface g IQbR@Wﬁﬂ@fdélectric 15 substrate 10. The piezoel ectric substrate

10 of this emhodinent is made of, lithiumtantal ate, and i be made of
any ot her monoi€ely&@auoss sectional ew el a su %@icawtlwa*(ea@f%vﬁ?w

nenage; i BUARAUMAL SR S Rereh P IAFRUIS,, ek B0 SHRRMEEL L,
hi s | . b . _Th hi f he 20 pi. | i b 10

??pglsbgne |V+‘%"rz B BB ot G f¥ SARE BRIl Jdfert T Big Pr ) el Bretiate’ 2L o

The T s s Tkt SARRMA {8500l USpldinile TRUM of dBlichiihe A% HXWOdbHicE! 9

exanpl e, Tlg?;rp;dﬂp 199 wt. % of alum numand 1 wt.%of copper) having a
t hi cknesés of 340n The second netal film112 is, but not 25 linmted to,

made of titantygAW! ddvice 3P WthBEdmetd MRMuRR AHIWOsleniBHte14 al TRE! €ct ed
fromat least Ti, Zr, Nb, Ta, W V, and M1, having a thickness of 10nm

The nef | AW eRingGit Adeincldden@d pizoBREt8t eRibspiRe 18 for propagating a
surface acoustic wave, interdigital transducer (IDT) electrodes 11 for exciting
the surface acoustic wave, reflector electrodes 12 at both sides of the IDT
electrodes 11, and pad electrodes 13 connected electrically to the IDT
electrodes 11. The electrodes are provided on the surface of the piezoelectric

15 substrate 10. The piezoelectric substrate 10 of this embodiment is made of
lithium tantalate, and it may be made of any other mono-crystalline
piezoelectric material, such as lithium niobate, quarts, potassium niobate, or
langesite, or of a piezoelectric thin-film, such as zinc oxide or aluminum
nitride, provided on a silicon, sapphire, or glass base. The thickness of the

20 piezoelectric substrate 10 is 350pum. The IDT electrode 11 includes a first
metal film 111 and a second metal film 112 deposited on the first metal film
111, as shown in Fig. 2. The first metal film 111 is made of aluminum or
aluminum alloy (for example, containing 99 wt.% of aluminum and 1 wt.% of
copper) having a thickness of 340nm. The second metal film 112 is, but not

25 limited to, made of titanium in this embodiment, and may be made of
material selected from at least Ti, Zr, Nb, Ta, W, V, and Mn, having a

thickness of 10nm. The reflector electrodes 12 and the pad electrodes 13



PCT/ JP02/ 00498 4 have two-layer arrangenent simlar to the IDT el ectrodes
11. A circuit board 26 has upper surface el ectrodes 23 on its upper surface
and a ter}q_\'[.ln}gi)o bgﬁjgrode 25 on its lower surface. The circuit board 26 has
t hr ough hol'es Ich are provided therejn and are filled with via el ectrodes
5 24 which connect between the surface el ectrodes 23 and the term nal

el ectrodes 25. The circuit board 26 is made of gl ass epoxy, Tefl on,
polyimde, their film or ceramc, such as alum na ceramc. In the SAW

el ement havertivo-layer arsangeaest sisilacita the FTreleatrodasebl.r odes 23 are fi xed
on the upper surface of the circuit board 26 via 10 projection e|lectrodes
20. The proj eteit6nitdpaard %R bas 1ppar suntige dectapdas 23 0| ity uppay suriage
material, such as.gald, tin, |ead, copper, silver,  nicke], or ir alloy.
A resin M@r@y?@o&@%roaer?&r?% fj))“eﬁr 3 a@Aw’%heeﬁ%ﬁwtlbpaaétiégﬁs t he

pi ezoel ectric substrate . 10 and the,circuit board xcept . an, osciJ | ation
15 spaceti*ﬁows}ﬁlp Fistets ped provided therw o3 j‘rﬁéﬁg“é‘g?‘? VishglesErodes st i oo
are ohtaipable,.the ID] electrodes 11 artially,touc he,resin.coating
on° %o P63 Gehodtrmeetofe Rt drmdbe o Puuaes, pbepies 229 tbhheetdiRingl o nane
resin, ackyl resi t hei r..m xtupe .whi ch have an el e i cal l.y.insul ating
b oper t y Elgirdded' 2h, Bt Skbisosid Bf Mt A0¥ERERe Pt TelBErrel B cnough
20 to fonp.e9s 'Jzejrgh{-gnsé agseaﬁgnin'léhgerra%icn coating 21 may be doped with
filler sugh as s’i(ﬁji con di ’oxf%e, magnesi um oxi de, or al um num oxi de, for

adj usting a tpernygl S@Wal@l%icn%htf G the_c":?éd”'eelé&‘i‘f,&é%lé TR g??fac&’ the

resin coating 21 is nmade of epoxy resin materila procedur e

fabri cat ighgcthotResSAY A fi88d0bn HHROHp PBA lsubfatle! bf BBe dRUIEHRr@EZE vike first

metal film111l is forned alnost entirely over a |large sheet-1like
10 projection electrodes 20. The projection electrodes 20 are made of

electrically conductive material, such as gold, tin, lead, copper, silver, nickel,
or their alloy.
A resin coating 21 covers a periphery of the SAW element 14 between
the piezoelectric substrate 10 and the circuit board 26 except an oscillation
15 space 22 for the IDT electrodes 11. As long as desired characteristics are
obtainable, the IDT electrodes 11 may partially touch the resin coating 21.
The resin coating 21 is made of epoxy resin, silicone resin, urethane
resin, acryl resin, or their mixture which have an electrically insulating
property and are non-detachable from the piezoelectric substrate 10 enough
20 to form the oscillation space 22. The resin coating 21 may be doped with
filler such as silicon dioxide, magnesium oxide, or aluminum oxide, for
adjusting a thermal expansion factor of the coating. In Embodiment 1, the
resin coating 21 is made of epoxy resin material.
A procedure of fabricating the SAW device of Embodiment 1 will be
256  described.
The first metal film 111 is formed almost entirely over a large sheet-like

piezoelectric substrate wafer 10A by sputtering. Similarly, the second



pi ezoel ectric substrate wafer 10A by sputtering. Simlarly, the second
PCT/ JP02/ 00498 5 netal film211l2 is formed on the film 111. Then, a resist

pattern i | y photolithography on the second netal film 112. The
second nel)t%gl%?‘#/gnﬁ%fg and the first al film211ll are etched in this

order by reactive ion etching (R E). en, the resist pattern 5 has been
renoved by ashing with oxygen plasma, and thus, the IDT electrodes 11, the
reflector electrodes 12, and the pad el ectrodes 13 showmn in Fig. 2 are
devel opednetghifilm 1h2isformesdromthé §lmsEd.i n Enbodiment 1 for forming the
first metal film 111 and the second netal film 112, the sputtering nmay be
repl aced by elken,ranepishmaitgror isQuvaded dyuphetedizhegraphyoud themeceng may be
repl aced by a known liftoff technique_ for_ providin the el ectrodes 11 and
12" I t oot Elmpi1Zne The sorondranainl fillond b3 andide st meptadfilmedAl are] m 111,
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el ectipodesvB3 ané RIE MapiRCidace by @ RASWAUERHE tedhRiqWRBr YProdidlife
the electrodes 11 and 12. In the RIE for the second metal film 112 and the
first metal film 111, the etching action at a right angle to side walls may
adversely be effected as known “side etching”. This causes the side walls of
the IDT electrodes 11 not to be perpendicular to the piezoelectric substrate
15 10, thus causing the walls to be tapered or inverse tapered or to be shaped
concave or convex at the interface between the first metal film 111 and the
second metal film 112. Any case may hardly decline the advantage of the
present invention.
Then, the projection electrodes 20 are formed on the pad electrodes 13.
20 Then, the piezoelectric substrate wafer 10 is divided into pieces to be the
SAW elements 14 shown in Fig. 3. Since the projection electrodes 20 are
joined to the surface electrodes 23 on the circuit board 26 by ultrasonic waves,
the SAW element 14 is mounted on the circuit board 26. For the joining
with the ultrasonic waves, the surface electrodes 23 and the projection
25 electrodes 20 are made of gold.
Then, a sheet-like resin 21 is bonded over the SAW element 14 to a

circuit board wafer 26A and is cured under pressure and heat, so that the



Then, a sheet-like resin 21 is bonded over the SAWelenent 14 to a circuit
board wafer 26A and is cured under pressure and heat, so that the
PCT/JPOZ&Q?@ in fills between the SAWel enent 14 and the
piezoelectri%ggggégﬁgte 10. At this ment, a great care is taken to
prevent the resin coating 21 from physical contact wwth the |1 DT el ectrodes
11. The construction of the resin coating 21 is not limted to the

descri bed nethod but may be inplenmented by 5 application with a di spenser
or the |irkein filsthesweanttde Ség\g,eletm@niv d4iand the ipiegoelertiic svhstrade M).ghly
viscous resin material to mnimze the physical contact wth the IDT

el ect r ode¥ this mpment; Acrent care ipbaken xpeevargathesresinicoatingn?b fiimces of

a desired_ shape which turn to the SAWdevices_shown in Fig. 5. 10 _The
resin codysipal cogardrwithytheo R electzedes Lhe LThasconstrustiganelcthecrepinwni ch

T8 e Sapting ols a0t 1Bpiteg fadhe denriRed BrbPdiattanay beHRRPBereL by
diti f i d bl | h ti t i ting 21.i
oL by e toafioR ik ipaneer e Rker oIb thit P& s funtesd oy or
| d l11. 5 A the infiltratij t he. t. i d,w t hi i
ors 1 o bmaiy ol HiphS, LB tdah nfds il o RiniRER th pRIBRR Bohthcfo s or | o

adj acent es 11. This causes the IDT electrodes 11 to
devel op C‘{?ﬁ%‘%@? Iﬂgg?lregg%ggéqu battery effect between two different netals

dependi ng on }tpéer} Mg [ f kA S : : | : - sgcond
metal film 11’5. a %ngsﬁ tlfa‘ hg(%‘ ??étfsng?tg?éq Hl'!n(%n}i%qfé%g)gd%gg%g?goded at
the sideghapBivehicBtorA%b the BAWEEvitds kHdwn peFeads netal film 121. As the

| DT el ectrodes 11 is corroded, the SAWdevice wll be declined in the

moPaDii s, T s sl i hataIsainion s giis angvero

which are highly corrosive to the aluminum component of the IDT electrodes

11. If the SAW device is left under a high-temperature, high-moisture

condition for a considerable length of time, the resin coating 21 is infiltrated

with water, which may then accumulate adjacent to the IDT electrodes 11.

15 During the infiltration, the water is doped with chlorine ions released from

the resin coating 21 and then become acid at a location adjacent to the IDT

electrodes 11. This causes the IDT electrodes 11 to develop contact

corrosions by battery effect between two different metals depending on the

combination of the first metal film 111 and the second metal film 112. As a

20 result, the first metal film 121 may be corroded at the sides, which are not

covered with the second metal film 121. As the IDT electrodes 11 is
corroded, the SAW device will be declined in the properties.

The water doped with chloride ions remains as liquid or vapor and is

corrosive to the IDT electrodes 11. Particularly under a saturated

25 vaporizing pressure, the water stays as liquid and corrodes the IDT

electrodes 11 more. Hence, the resin coating 21 is preferably made not only

of the above listed material but also of material containing little chloride ion,



25 vaporizing pressure, the water stays as liquid and corrodes the IDT
el ectrodes 11 nore. Hence, the resin coating 21 is preferably nade not only

of the a%ﬁgﬂ){}@ﬁ%teri al but also of material containing little

chloride’ion 2/ 00498 7 which iss highly corrosive to the IDT

el ectrodes 11. The SAWdevice was subjected to a pressure cooker test (PCT)
whi ch involved detention under a pressure of 2.03x105Pa, a noisture of
100% and a _tenperature of 120C. Five different resin materials applicable
to the SAvhhdehighlyoforremave bl Hodtelogtredéshbr sed in a pool of pure water
having a mass 10 tines greater than the resin materials and were |eft
intact for thehSAWHRECY s subjectgdoivea qusssutecsrokertast RGN Arhichi qui d
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or nore a
analyzed by an ion chromatography. Concentration of chlorine ion is shown

in Table 1.
10
(Table 1)
Concentration of Chlorine Ion (ppm)

Resin Material A 31
Resin Material B 51
Resin Material C 62
Resin Material D 70
Resin Material E 105

The SAW devices made of five of the above resin material by the
described method were left under a pressure of 2.03x10°Pa, a moisture of
15 100%, and a temperature of 120°C for forty hours, and were tested in their
changes in their insertion loss. Hundred SAW devices for each different
resin material were fabricated as SAW filters having a center frequency of
942.5MHz. Filters having insertion loss increasing by 0.3dB or more after

the forty hours were regarded as defectives.

20 The result is shown in Table 2.



the forty hours were regarded as defectives. 20 The result is shown in
Tabl e 2. PCT/JP02/ 00498 (Table 2) 8 Nunber of Defectives Resin Material AO
Resi n Mat in Material Cl Resin Material D15 Resin Material E55
As appar ﬂrﬂ/ﬁﬁ%%?q"gggﬁs no defective,is found anong the filters of the
resin materials A and B cont ai ni ng not nore than 50ppm of chlorine ion. 5
However, defectives are found anong the filters of the resin materials C,
D, and E containing nmore than 62ppm of chlorine ion. If the resin coating
21 encl ¢¥ablg Dhe SAWel enent 14 is made of the resin material containing

n mor Tan mof—chtortnerTomr measu P the 1 DT erectrodes 11
ot e TS 5””’ Of CHtOT ey T O TEaS UG, B, St Defectiveb

Can be lJI CVEUOl UIII I I U3T Ul LU T C1 LU0 TIOUT 9 U (@}

hi gh-t erperat |]1 }ﬁj ture test under a_ tenp®rature of 85C and a

noi st ur @_of 85%SlmMat@i‘l@dtB ve anpng the SAW devic@s having the resin
coati ng |made @esimdlatesial Grateripls A, B, or C cobtaining not nore fhan
62ppm off chl oReden MestekmlTPuUNd. [The 1 DT el ectrodesgll has a two-1 ayer
structure. TT gJi&, MSleRiaT® €7 1 al | IS5 contai ns not ggpre than S0ppm of

chl ori neTonmeasured py—tTe PEF—even—the—SAW devtce—inctuch mg—an f DT

el ectrodes of a single-layer structure made of al umi numor alum num all oy

may exhi bit npisture resistance. However, the SAWdevice including the |IDT
el ectrodes ha\d agpateattfvem Eahde 2% moudafective idombidtambigttbe filtsirs of rtg

resi stance. ) o o
resin materials A and B containing not more than 50ppm of chlorine ion.

5 However, defectives are found among the filters of the resin materials C, D,
and E containing more than 62ppm of chlorine ion. If the resin coating 21
enclosing the SAW element 14 is made of the resin material containing not
more than 50ppm of chlorine ion measured by PCT, the IDT electrodes 11 can
be prevented from corrosion.

10 After 1000 hours of a high-temperature, high-moisture test under a
temperature of 85°C and a moisture of 85%, no defective among the SAW
devices having the resin coating made of the resin materials A, B, or C
containing not more than 62ppm of chloride ion is found.

The IDT electrodes 11 has a two-layer structure. If the resin material

15 contains not more than 50ppm of chlorine ion measured by the PCT, even the
SAW device including an IDT electrodes of a single-layer structure made of
aluminum or aluminum alloy may exhibit moisture resistance. However,
the SAW device including the IDT electrodes having the two-layer structure
exhibits higher moisture resistance.

20
(Embodiment 2)

The structure of a surface acoustic wave (SAW) device of Embodiment 2

is substantially identical to that of Embodiment 1 and can be fabricated by



20 (Enbodi nent 2) The structure of a surface acoustic wave (SAW device of
Enbodinent 2 is substantially identical to that of Enbodi nent 1 and can be

fabri cat 2/ 00498 9 the sane nmethod. The resin coating 21 of
this e%%ﬁéﬁ&ﬁéi{%mver made of re§i n material which contain not nore

t han 50ppm of chlorine ion exam ned by a pressure cooker test (PCT) and
contain different neasurenents of brom ne ion exam ned by the PCT. 5
Simlarly to Enbodinent 1, the resin materials were imersed in a pool of
pure wat dhehsamagmatheds The tnesirs cgatinge?1 tofathis hembedimentaishoareyerand
were left intact for twenty haurs under conditions of 120C and 6 2. 03x106Pa.
The resul®age of irqwmnéegaﬁnmlgh_ €aNAINaRot Bere fhan (npmychlorige ipni r
measur enents of the concentrations _ of the ck%&rs)ne ion and,the. 10 brom ne
ion are SFSHHDPA TRIbI 8 Prepywrs ecapkerydesht KRETon and cenntain r diffenenss

VAt or | ol POSETALS oL DEOB PO BY SR al 33182 Resi n Mt or { al
Six ob the oSS Pt AR ET P J AT oNe T B GEP ARy &
pressure p%fol ot 8%1)1%(3@%%1' h%wing a mass 10 times greater than the resin materials

and were left intact for twenty hours under conditions of 120°C and

2.03x10°Pa. The resultant liquid were analyzed by an ion chromatography

and their measurements of the concentrations of the chlorine ion and the

10 bromine ion are shown in Table 3.

(Table 3)
Concentration of Concentration of
Chlorine Ion (ppm) Bromine Ion (ppm)
Resin Material A 31 Not detected
Resin Material F 33 280
Resin Material G 33 204
Resin Material H 33 182
Resin Material 1 33 153
Resin Material J 33 96

Hundred SAW devices for each material, made of six of the resin

15 material by the described method were left under a pressure of 2.03x10°Pa, a
moisture of 100%, and a temperature of 120°C for forty hours, and were
tested in their changes of the insertion loss. The SAW devices of each
different resin material were fabricated as SAW filters having a center
frequency of 942.5MHz. Filters having their insertion loss increasing by

20 greater than 0.3dB or more after the forty hours were regarded as defectives.

The result is shown in Table 4.

(Table 4)
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20

resin materials A, I, and J containing not more than 150ppm of bromine ion.
However, defectives are found among the filters of the resin materials F, G,
and H containing 80ppm or more of bromine ion. If the resin coating 21
enclosing the SAW element 14 is made of the resin material containing not
more than 50ppm of chlorine ion and not more than 150ppm of bromine ion
measured by the PCT, the IDT electrodes 11 can be further prevented from
corrosion.

After 1000 hours of a high-temperature, high-moisture test under a
temperature of 85°C and a moisture of 85%, no defective is found among the

SAW devices including the resin coating of any of the resin materials A, B,

and C containing not more than 150ppm of bromine ion.

(Embodiment 3)

A method of fabricating a surface acoustic wave (SAW) device according
to Embodiment 3 of the present invention will be described.

The SAW device of this embodiment includes a second metal film 112 of
interdigital transducer (IDT) electrodes 11 made of tantalum but not
titanium. Other arrangements are identical to those of Embodiment 1 as
fabricated by the same method.

Hundred SAW devices were subjected to a pressure cooker test (PCT)

5 anq H

no defective is found anong the
ces iA¢hppardhttfiemr Fsble 4 ertddfactive Bfounld dengahe filt@sefithes A B,



15 (Enbodi ment 3) A nethod of fabricating a surface acoustic wave (SAW
devi ce according to Enbodinent 3 of the present invention will be

descri be vice of this enbodinment includes a second netal film
112 of Cb @?gPéﬁiﬂﬁetransducer (1DT) :il ectrodes 11 nade of tantal um but
not 20 tltanl um O her arrangenents a} e identical to those of Enbodinent 1
as fabricated by the sane nethod. Hundred SAW devi ces were subjected to a
pressure cooker test (PCT) PCT/JP02/00498 11 simlarly to Enbodinent 1. The
resul t i sisilewly tnEmhsidémsnt 1 TAherapligiiwwnin Babledi ves Resin Materi al
A0 Resin Material BO Resin Material CO Resin Material D7 Resin Material E32
As appar d88ble®m Table 5, no defective is found anpng the devices of 5 the

resi nS_materl alr's A B, L, and D C)nt al ni Ng Mmggfgfbaﬂtﬁ,ggpm of —chllori ne
A A ' %n@daf@r “li‘av\'ﬂf;fi "v;.‘nl'ﬁnhc?'n”. AT A "ne Con.
The resyLt |§@%Maﬁeﬁ13iﬁ)l e 6010 (Tahle 6) NumhBr of Defectives Resin
Mat eri al| AQ Rxsm Miateriad|C FS88 0

Resin Material D 7

Resin Material E 32

As apparent from Table 5, no defective is found among the devices of
5 the resin materials A, B, C, and D containing not more than 60ppm of
chlorine ion.
Similarly, the SAW devices of the resin materials A and F to J described
in Embodiment 2 were examined in influence of the bromine ion. The result
is shown in Table 6.

10 (Table 6)

Number of Defectives
Resin Material A 0
Resin Material F 88
Resin Material G 35
Resin Material H 7
Resin Material 1 0
Resin Material J 0

As apparent from Table 6, no defective is found among the SAW devices
of the resin material containing not more than 150ppm of bromine ion. For
the resin material F, the number of defectives is almost equal to that of

15 Embodiment 4. For the resin materials G and H, the number of defectives
in this embodiment is smaller than that of Embodiment 2.

The SAW devices of Embodiment 3 have higher moisture resistance

than those of Embodiments 1 and 2.

It is known that the normal electrode potential of titanium is closer to




Resin Material G35 Resin Material H7 Resin Material 10 Resin Material JO As
apparent from Table 6, no defective is found among the SAWdevices of the
resin mat ning not nore than 150ppm of brom ne ion. For the
resin rratﬁﬁ/g#()%%‘i%e nunber of def ect1 ves is al nost equal to that of 15
Enbodi ment 4. For the resin material s & and H, the nunber of defectives in
this enbodinent is smaller than that of Enbodi nent 2. The SAW devi ces of
Enbodi ment 3 have hi gher noisture resistance than those of Enbodi nents 1
and 2. | tthat of abwminwet thaneto thatef tindalumde Ipmtber wedrdsf a differengenoafs

cl oser to_ PCT/JP02/ 00498 12 that_ of alum numthan to_that of tantalum In
ot her worthe normalk elecwade notentink babveen tépatimoed sduennna ipemadlers

titani um and aluminumis smajler than that between tantal um and al um num

Ther ef or ¢hapithad heéw&em@tnt@h@n ant absmémul@y T&ﬂraﬁqrebétt ekdd ithat dhef er ent

metals nore |i keLy occur or the 5 cond rret fil eiz madeotg ilant al um
rat her t IFQRraston Y&ﬁptﬁﬁ areenetwqﬂ ranbmeé@ me 1kely pspursdeEithied for
a conbi nati on,of t and m nu the, result of thjs
enbodPrrermeceth metal r}l& r@édeo vmtaipgn Ifaémﬁar thap o tammqugarf%éhe

advant age, an el ectr%chem cal ét was ?arrl ed 10 fO{ q;e?surl n t he
el ect r odd® PSRN Fegs I’fcfae’rsem:(geb e ok 2 £9 %tt‘%f? of; yaptaium and; e

second f 112 in consideration of the environnent where the SAW
devi ce V\n:arlghlﬁﬁglcl{gd in the test. Wth a reference el ectrode nmade of

Si ) ver/ st verehbosd dfie Re3ATBH B8l SabEAHRNIRARY ed RGTERA of fhathe 111 ot

metal film1 and a counter ectro atinumin't test, the
device Wagld. For clarifying the advantage, an electrochemical test was carried out

10 for measuring the electrode potential difference between the first metal film
111 and the second metal film 112 in consideration of the environment where
the SAW device were placed in the test. With a reference electrode made of
silver/silver chloride, a sample electrode made of the metal for the first metal
film 111, and a counter electrode made of platinum in the test, the device was

15 immersed in electrolyte solution (described later) for measuring a natural
potential, i.e., a electrode potential having the corroding current remain
substantially constant. Then, the metal of the second metal film 112 was
examined similarly for measuring the natural potential. A difference
between respective natural potentials of the two metals represents a

20 difference between respective electrode potentials under the test
environment. The smaller the difference, the more the corrosion by the
contact between the two metals is reduced.

The electrolyte solution was prepared by dissolving 30 to 300ppm of
NaCl as an electrolyte into pure water based on a test result of the resin

25 material 21 of the SAW device. The dose of NaCl has a range since the

concentration of the chloride ion is not clearly found on the IDT electrodes 11

in the environmental test, such as the PCT.



15 inmmersed in electrolyte solution (described later) for neasuring a

natural potential, i.e., a electrode potential having the corroding
current rﬁd‘ﬁhﬁoz/gbr@%t antially constant. Then, the nmetal of the second netal
film211l2 was = ex ned simlarly for r{gasuri ng the natural potential. A

difference between respective natural“potentials of the two netals
represents a 20 difference between respective el ectrode potentials under
the test environnent. The snaller the difference, the nore the corrosion
by the cont dthe bestweres cameed waiteithl thei ecounddu ebattrodecemaldecafrplaginaing ol ut i on
was prepared by dissolving 30 to BOOKfm of  NaCl as an electrolyte into
pure wat éndythegample electrodecmside off Al-fat allay or tpmmiamer  Bhe diffefenche sAW
devi ce. The dose of NaCl has a range since the concentration of the

chl ori de hebyeen ragpectiveqiqtontigliketyicenride tpye elpsirpdetipanged frpm 3p¥ to

envi ronrren% test, such as the PCT. PCT/JP02/ 00498 13 The test was carried
out with& counter el ectrode nade of platinum and the sanple el ectrode
made of Al - al,l nium_ The di

i t f bet t
ot enbi al s bariat e i BerBRiom S ods HUET Agih SPoLE: sBITBYALSHN ¢ ha
, the,titani | ectrod t , @and the Al - | ectrod
erves adlefiralAEeRas. 5% RAGHE: BN oeAlrne afibhe ot e fidns,
t hus bei @ec&?&éﬁqQEgsb%l@k@%%ﬁe the difference between respective

potentia e coun ectirode made of platinumand the sanple

el ectrode ma - 3 aSur angl from
0.25V to 0. 3%%@L‘cat gifé&\%gg&t eg\'%tg %%?%Fﬁ%&gég@t% F%‘Erg",ﬁgvﬁ‘ih;e ?ﬁgﬂgﬁode was
the AL- CyladthGie ?Aa;}fge gpgﬁ%{mﬁl afill-(Hé Sdihple BRctARIARRMR YPAL.EY hRGFd as

| osi ng el ectrons. sanme test was carried out for neasuring a
di ff gpenemPaiBRin was measured ranging from 0.25V to 0.35V. The cathode was

the tantalum electrode, while the anode was the AL-Cu alloy electrode. The
Al-Cu alloy as the anode was corroded as losing electrons.

Then, the same test was carried out for measuring a difference between

respective potentials of the aluminum electrode and the Al-Cu alloy electrode.

15 It is found that the Al-Cu alloy is shifted by 0.1 to 0.2V to a positive side
(referred to as a noble side, while a negative side is referred to as a base side
hereinafter) as compared with aluminum.

As apparent from above, when the SAW filter is located in a corrosive
condition, the electrode potentials of the electrodes made of aluminum, Al-Cu

20 alloy, tantalum, and titanium are more noble in this order.

More specifically, the SAW filter of Embodiment 3 allows the electrode
potential difference between aluminum and titanium to increase by 0.45 to
0.65V greater than a known value.

Therefore, if the first metal film 111 is made of Al-Cu alloy, and if the

25 second metal film 112 is made of tantalum, the electrode potential difference
between the metal films 111 and 112 can be smaller than that with

aluminum and titanium, respectively, hence reducing the corrosion of the



respective potentials of the alum numelectrode and the Al-Cu all oy
electrode. 15 It is found that the Al-Cu alloy is shifted by 0.1 to 0.2V

to a posigd | eferred to as a noble side, while a negative side is
r ef erredftdo%gg&%g@%éssre side hereinafter) as conpared with alum num As

apparent from above, when the SAWTfiltér is located in a corrosive
condition, the electrode potentials of the el ectrodes made of al um num
Al-Cu 20 alloy, tantalum and titaniumare nmore noble in this order. Mire
speci fi cdDE elactwodsalk.i |Imepthefr watdsdithenSAW devisasoft Bmheidiaend de has
potential djfference between alum numand titaniumto increase by 0.45 to
0. 65V gr digher muisturelaesiatanes than that ef Fmbodimentelfands?. ndhgl seepndh 111 s
made of Al-Cu allo and.if the 25 second netal film112 _is_nade of

t ant al ummetad fdmaéf? ;ay poweads af muterial selestediromeén NheWidh amdi Mg 111

and 112 n be sma|ler, than that with alum num. gnd titanium respectively,
hence T edhd H’gjltffﬁéi V%‘E:%?‘cﬁ’ingﬁ elqqsrasierpotPaiRd sliBeronse NSTWEEB AP UEE 11, 1
ot her words, ,the W devi ce of Enmbodinent ha hj gher i styre resistance
Chan PhomeialElin b hand thegsqond meal SlRohL2 Sdes th epntilion hyws irnde o
mat eri al ed fromzr, Nb V,, an . . The mat.eri al having,a snall
o ect r oSN dsvice gRrfies cREevale thd Hakftore o frogt nHic rroRih $h8RG | he
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pr event rsni'%ttr elibégé‘é@e& rg%httaﬁgnég?l S éi@%ﬁ%&%s{%r&%ﬁ Q‘%ggéel{gucsAW devi ce
havi ng a hi gh noi sture resistance increased. (Enbodiment 4) 10 A surface
acoustic wave (SAW device according to Enbodi nent 4 of the present

i nvent i onEnshddidfen®fq)Enbodi ment 1 in which a second netal film112 made of
any netal se ecteélfroer, Nb, C, W V, My, Pt, Au, and Pd. A resin

coatijpg 21 i sA BRFBCOBcOUdtIEWaVvEESARD dbvid Sédording &f ERFRARMBRDY of tRE
present invention is that of Embodiment 1 in which a second metal film 112
made of any metal selected from Zr, Nb, Cr, W, V, Mn, Pt, Au, and Pd. A
resin coating 21 is made of either the resin material B of Embodiment 1 or
the resin material I of Embodiment 2. The second metal film 112 of this
15 embodiment is selected from metal having higher moisture resistance itself
and serves as a cathode against aluminum and an aluminum alloy for a first
metal film 111.

Hundred SAW devices of Embodiment 4 were subjected to a pressure
cooker test (PCT) and a high-temperature, high-moisture test similarly to

20 Embodiment 1. No defective is found among the SAW devices having the
second metal film 112 made of Zr, Nb, W, V, Cr, or Mn regardless of the type

of the resin material. In the SAW devices with the second metal film 112
made of Pt, Au, or Pd, an electrode potential difference between the first
metal film 111 and the second metal film 112 is large, thus causing the first

25 metal film 111 to be corroded at its sides and declining their characteristics.
As described, the SAW device including the resin 21 containing not

more than 50ppm of chloride ion and not more than 150ppm of bromide ion



the resin material | of Enbodi nent 2. The second netal film 112 of this 15
enbodi nent is selected fromnetal having higher noisture resistance itself

and serv de against al um num and an alum numalloy for a first
nmet al fi%ﬁ%’qgi]i&zlﬁﬁ%%?ed SAW devi ces of, .Enbodi mnent 4 were subjected to a

pressure cooker test (PCT) and a hi gr]f-5terrperature, hi gh- noi sture test
simlarly to 20 Enbodinent 1. No defective is found anong the SAW devi ces
havi ng the second netal film 112 nade of Zr, Nb, W V, Cr, or M regardl ess
of the texbibits high-moisture rasistande. if the sheorshuvedal fibr sl 1% ismade of aupnd

metal film 112 made of Pt, Au_ or Pd, an electrode potential difference

bet ween tmhetad jselectedyfnom Thi ZmNh, Taar W, VhersardMnnetal film 112 is | arge,

thus causing the first 25 netal film 111 to be corroded at its sides and
declining their characteristics. As described, the SAWdevice including
the resin_21 containing not nore than 50ppm of chloride ion and not nore
than 150pB®kadimegtine i on PCT/ JP02/ 00498 15 exhibits high noisture
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al um numg| | %o%oé}}e%iﬂ‘éalrirgr, Phe W o"{?d%egéltﬂ‘ﬂﬁ Y9H o}QPﬂ‘&PﬁéﬁY&?&W :Bsemﬁﬁet hi's
enbodi nent can have a snaller electrode potential difterence between the

first metglalinlifurhldlG Sork tA8nRRCHN Wt ¥ o kitahivd! 112 by 0.15 to 0.25V than
that of Enbodinment 1. "This reduces corrosion by contact between two
di ffqpent nmetphs,SAWd defieO¥EThid'®@mbodiment can have a smaller electrode
potential difference between the first metal film 111 and the second metal
film 112 by 0.15 to 0.25V than that of Embodiment 1. This reduces
corrosion by contact between two different metals, and improves the
moisture resistance. The electrode potential difference was measured
15  similarly to Embodiment 3.

The mass of the second metal film 112 of this embodiment is smaller by
72% and 19.5% than that of Embodiments 1 and 3, respectively. As a result,
if the IDT electrode 11 have a mass equal to that of Embodiment 1 and 3, the
first metal film 111 can be thicker, thus decreasing electric resistance of the

20 IDT electrodes 11. Accordingly, the SAW device of this embodiment has a
reduced insertion loss.

The IDT electrode 11 can have the increased thickness, hence
improving the yield rate of the SAW devices. This is because characteristics
of the SAW device change due to the mass of the IDT electrodes 11. For

25 example, the smaller the specific gravity of the metal in the IDT electrode 11,

the more the thickness of the IDT electrode 11 can increase. This can

absorb an error of the precision of deposition by sputtering, thus improving



noi sture resistance. The el ectrode potential difference was neasured 15
simlarly to Enbodi nent 3. The nass of the second netal film 112 of this
enbodi e j by 72% and 19.5%t han that of Enbodi nents 1 and 3,
respecti\r?eng/sP@Bgiﬁsult, if the ID'IiGeI ectrode 11 have a mass equal to
that of Enbodinment 1 and 3, the first netal film 111 can be thicker, thus
decreasing electric resistance of the 20 IDT el ectrodes 11. Accordingly,
the SAWdevice of this enbodi ment has a reduced insertion |oss. The IDT
el ect r odghe yieldratavé thévdevicer eased t hi ckness, hence inproving the yield
rate of the SAWdevices. This is because characteristics of the SAWdevice
change due t cAedozdingsto Emhadiment & thetsegoed matal fidm 2B2 ascarasiecof, s
smal l er the specific gravity of the netal in the |DT electrode 11, _the
more t he RotiliRited $ooAl-Thalloprontaining 48 wti %of titanivmas dhersgcond metadhsor b

an error of the precision of deposition by sputtering, thus i ovi ng

PCT/ P02/ 85Y 982 TB2Y b rpaaﬁ ot aRy DU mréagsw@ém%ég?eaﬁﬁg Fate ehboAMont 5,
the seconqd netal fjlm112.is nmade of, but ot.limted , Il ald oy
oo obos ludEngm ooy phtuniad At s ong dhetdeelacted Fiom ZRoNRL TRLIGY o
any ot her~net %Ilgcontt [ niL}n?g gffgerent rate of Ti and 5 al um num al | oy

cont ai ni Ny AV IO IYE 418 Cel ected from Zr, Nb, Ta, W V, C, and M

wi th equal effect. (Enbodinent 6) Fig. 6 is an enlarged cross sectional
view of a primary part of a surface 10 acoustic wave (SAW device

accordin Fhediint 6 of the present invention. The SAWdevice of this
enbodi negtE&lg%s a g{tﬁcture i dentical to that of Enbodi nent 1 except that

the constructpgneqs dilendrEbd cids@ectibhdNFHW 6 a GrithhrPhart 604 88rfte! S

different.
10 acoustic wave (SAW) device according to Embodiment 6 of the present

invention. The SAW device of this embodiment has a structure identical to
that of Embodiment 1 except that the construction of an interdigital
transducer (IDT) electrodes 11 is different.
The IDT electrode 11 of Embodiment 6 includes an alloy layer 114
15 between the first metal film 111 and the second metal film 112 and is made of
alloy containing metal of the first metal film 111 and metal of the second
metal film 112,
The first metal film 111 of a thickness of 340nm is made of aluminum
alloy containing, for example, 99 wt.% of aluminum and 1 wt.% of copper.
20 The second metal film 112 of 10nm thick contains titanium. The alloy layer
114 is made of alloy containing aluminum, a primary ingredient of the first
metal film 111, and titanium, a primary ingredient of the second metal film
112.
A method of fabricating the SAW device of Embodiment 6 will be
25 explained.
The first metal film 111 made of aluminum or an aluminum based

material and the second metal film 112 made of titanium are deposited in



The 1 DT el ectrode 11 of Enbodi ment 6 includes an alloy |ayer 114 15
between the first netal film 111l and the second netal film 112 and is nade
of aIIo;i) ?f,@/pb nmetal of the first metal film 111 and netal of the
second neta [ 12. The first net film111l of a thickness of 340nmis
made of alum num alloy containing, for exanple, 99 wt.% of alum numand 1
wt. % of copper. 20 The second netal film 112 of 10nmthi ck contains
titanium The alloy |layer 114 is made of alloy containing alum num a
primary ithig exlesom die piegoeleetgic syhatrater 10 by sputtesing-tit ani um a primary

I ngredi ent of the second netal film 112, A nethod of fabricating the SAW
devi ce of Enbbeementresish pattpen ispreypded sudthersecand smetabifhm t512vby11 made
of alum nym or .an al ﬁm num based naterial and the second netal film 112
made of tAhospkithaexar Beposited in PCT/JP02/ 00498 17 this order on the
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patterne eated up for using alumnumin al film111l

and 10 tita”i‘H%‘Oﬂiﬁzééiéctﬂ”cCQﬂﬂstgﬁﬁé"lof bhMvhich the ﬂ)Teé%HrodEE'ellﬁgﬂrgy | ayer

114 containing alumnumand titaniumis devel oped between t I rst
metal figdanerhbdadhebbed 68 FOPdiffRiiAL alimThddrin the first metal film 111 and

10 titanium in the second metal film 112. As a result, the alloy layer 114
containing both aluminum and titanium is developed between the first metal
film 111 and the second metal film 112.
The heating process is carried out commonly at a temperature range of
150 to 500°C or preferably 150 to 350°C. The temperature for heating being
15 lower than 150°C may discourage the dispersion of aluminum and titanium.
The temperature exceeding 500°C, which is close to a melting point of
aluminum of 660°C, may hardly stabilize the resultant IDT electrode 11 in
its characteristics.
The heating process may be performed preferably under 150 to 350°C.
20 The temperature not higher than 350°C is preferable for preventing the
characteristics of the SAW device from declining due to electric intensity
breakage. It is noted that the IDT electrode 11 may be free from such
electric intensity breakage even when being heated massively depending on
a pattern of the electrode.
25 The succeeding steps are identical to those of Embodiment 1.
The SAW devices of Embodiment 6, the SAW devices of Embodiment 1,

and comparative sample including an IDT electrode 11 made of a single layer



The heating process is carried out commonly at a tenperature range of 150
to 500C or preferably 150 to 350C. The tenperature for heating being 15

| ower th T /Hﬁﬁédﬁ scourage the dispersion of alum numand titanium The
t enper at ure exceedi ng 500C, which is ose to a nelting point of alum num
of 660C, may hardly stabilize the resalftant IDT electrode 11 in its
characteristics. The heating process nay be perforned preferably under 150
to 350C. 20 The tenperature not higher than 350C is preferable for

prevent i 0f alwainemaaldes doped with dfwt.heobronneswere subjected doi mprepsuae to
electric intensity breakage. It is nqQted that the IDT electrode 11 may be
free frogpekrihtess| @G %mlgﬂréyﬁst,ptﬁ}mbpéana@te 1elon e xamaining itheirmingesidon
nassiveIX depending on a pattern of the el ectrode. 25 The succeedi ng steps
are i dent?¥8F- to t hose of Enbodi nent 1. The SAW devi ces of Enbodi nent 6,
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i nproved noi sture resistance.

10 of Embodiment 6 have the insertion loss change less than those of

Embodiment 1 and more improved moisture resistance.

The IDT electrodes were visually inspected with a scan-type electron
microscope. In the SAW devices of Embodiment 6, the first metal film 111
made of aluminum based material is less corroded at their side than those of

15 Embodiment 1.

This will be explained in more detail.

The IDT electrodes 11 having a two-layer structure, such as explained
in Embodiment 1, produces a discontinuous electrode potential difference
between the first metal film 111 and the second metal film 112. When acid

20 water exists around the IDT electrode 11, the first metal film 121 is more
affected by corrosion by contact between two metals. In the SAW device of
Embodiment 6, the intermediate alloy layer 114 between the first metal film
121 and the second metal film 122 developed by thermal diffusion of the two
metals prevents the discontinuous electrode potential difference from being

25 produced, hence contributing to attenuation of the corrosion by contact
between two metals.

The second metal film 112 of Embodiment 6 is made of, but not limited




The I DT el ectrodes were visually inspected with a scan-type el ectron
m croscope. In the SAWdevi ces of Enbodinent 6, the first nmetal film 111

made of d’![%. d naterial is less corroded at their side than those
of 15 E?erodl n'en{&%E This will be explé?i ned in nore detail. The IDT

el ectrodes 11 having a two-layer structure, such as explained in

Enbodi nent 1, produces a discontinuous el ectrode potential difference
between the first metal film 111 and the second netal film 112. Wen acid
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heating tenperature preferably "~ ranges from 150 1 I'S ‘can” prevent
the SAW dgviige chhppteRstibd e 11 elcetFBAIACHEIySbeSsk st t The! BEdcEiiE
intensity breakage. The electric 10 intensity breakage is preferably
el i mipat etdrity’ PEAchdenn pRIbIINy RHIRERSTed to proceed the heating process

for yielding the alloy layer 114 before the development of the IDT electrodes

11 where the electrode potential difference remains small on the piezoelectric

substrate 10.

15 (Embodiment 7)

A surface acoustic wave (SAW) device according to Embodiment 7 of the
present invention will be described referring to Figs. 1, 3 to 5, and 7. Like
components are denoted by like numerals as those of Embodiment 1 and will
be explained in no more detail.

20 The SAW device of Embodiment 7 is differentiated from that of
Embodiment 1 by a construction of an interdigital transducer (IDT)
electrodes 11. The IDT electrodes 11 of Embodiment 7 has a three-layer
structure. A third metal film 113 of a 10nm thickness containing at least
one metal selected from Ti, Zr, Nb, Ta, W, V, and Mn is provided on the

25 piezoelectric substrate 10. The first metal film 111 of a 340nm thickness is
made of aluminum alloy containing 99 wt.% of aluminum and 1 wt.% of

copper. The second metal film 112 provided on the first metal film 111 of a



for yielding the alloy layer 114 before the devel opnent of the IDT

el ectrodes 11 where the el ectrode potential difference remains small on

t he piezgg&ﬁ§§6£604 bstrate 10. 15 (Enbodi nent 7) A surface acoustic wave
(SAW device according to Enbodi nent of the present invention will be
described referring to Figs. 1, 3 to 55 and 7. Like conponents are denoted
by Ii ke nunerals as those of Enbodinment 1 and will be explained in no nore
detail. 20 The SAWdevi ce of Enbodiment 7 is differentiated fromthat of
Enbodi nedOnm ghicinessrmontaissiatrieast ene meatal eplgeted fremahis dackb, TrpW, V,

el ectrodes 11. The IDT el ectrodes 11 of Enbodi nent 7 has a three-|ayer
struct ur @daMimi rd netal film 113 of a 10nm t hi ckness contai ning at |east

one netal selectedq fromTi,.Zr, No, Ta,_ _W_V, an i s. provided.on the 25
pi ezoel ectri é%a&r@pg ffb_l'l(??:ﬂélgf F]P%tsa t Sevicel ﬁg%bﬁ&%@@t&lﬂnmluhgékness
Is made of alupginumalloy containing 99 w. % of alum numand 1 w. % of
copper. THBlABEANd metal film 112 provided on the first metal film 111 of a

POT 960/ 0045, 20 AU SHRTES, NN ErC LR S0 P el r o
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o oS SHbafate 05 AR IR MR BB o
ool e, S0, RO ol bt el 8 e CLT
i on et chifigt oiRFtE) filhS1 1N EnAYRE ThirdehbeAITiIAR 118888 et @ITAMARIRY order by a
10 reactive ion etching (RIE). As the resist pattern has been removed by
ashing with oxygen plasma, the IDT electrode 11, a reflector electrode 12,
and a pad electrode 13 are formed, as shown in Fig. 7. The succeeding steps
are identical to those for Embodiment 1.
The SAW devices of Embodiment 7, the SAW devices of Embodiment 1,
15 and comparative example having an IDT electrodes 11 including a single
layer of aluminum alloy doped with 1 wt.% of copper were subjected to a
pressure cooker test (PCT) similarly to Embodiment 1. The SAW devices,
similarly to Embodiment 1, were provided as SAW filters having a center
frequency of 942.5MHz. A SAW filter having its insertion loss increasing by
20 0.3dB or more after forty hours was judged as a defective. 100 units for
each type were examined.
As a result, all the comparative examples are defective. No defective
is found among the SAW devices of both Embodiments 1 and 7. The SAW
devices of Embodiment 7 have their insertion loss changed less than those of
25 Embodiment 1, and have more improved moisture resistance. They were
subjected to 1000 hours of a high-temperature, high-moisture test under a

temperature of 85°C and a moisture of 85%. This test proves that the SAW



ashing with oxygen plasma, the IDT electrode 11, a reflector electrode 12,
and a pad electrode 13 are forned, as shown in Fig. 7. The succeedi ng steps
are ident éﬁbP&ﬂO@I@se for Enbodi rrent 1. The SAW devi ces of Enbodi nent 7,

t he SAW devi ces 0 nbodi nent 1, glrid conparati ve exanple having an | DT
el ectrodes 11 including a smgle Iay of alum num alloy doped with 1 w.%
of copper were subjected to a pressure cooker test (PCT) simlarly to
Enbodi ment 1. The SAWdevices, simlarly to Enbodi nent 1, were provided as
SAW fi | teiegldﬁa\nfngnhOdeﬂ ate sqpeevsd bi tlgumosaure resistandei | ter having its
I nsertion | oss increasing 20 0.3dB or nore after forty hours was judged
as a def ecti vEhe 1B@ Q]%Fttf@dﬁfsoll WQaem&%lb' Wép@ct@ﬂafmth@dscamstsa»er%lgw?n al |

t he conparative exa are def s found apopng the
SAW devi ée§r6$coseth %m%?haét iﬁ%ﬁleqtﬁ @t&&ﬂdé@@n&f i fent 7
have t hei,r. rtion ss changed | egs t.han tho e aof, 25 | men and
have moréng] B dogte QIFRFTPENs P Al pmintay, afd Slé%pé%ﬂb Freb Heioh hour s
of a tur stur test under a tenperature of 85C and a
R It ggf/otﬁ thoge %‘?‘E‘B%Q 4t the SAW PCT/JP02/ 00498 21 devices of
Enbodi ment 7 ﬂrl ov%\% R I{Ie ITDIeS § resi stance. The IDT el ectrodes 11
were visually ]ﬁsvf) %8 at"ﬁ L e t{f%% electron mcroscope. It is found

corroston on TREiEEfSka] AL %) Flhte orCHibPhibrcng BoWEARE 8840y 1°
those of tﬁ@?@m tdez Fh% Welthl ge?)ﬂi ﬂn%ggve}srﬁt@ié)ﬁstgﬁh?é briedtdidd 1 d

metal fil rreltln poi nt tanium under

the fi r5tTK@&@'sta\li’:Yl%rorielxﬂtah'aﬁrﬁ%l\i%ﬁu!léﬁy%Eﬁﬁé @b ﬂx%t&lrﬁﬁﬂtﬂl l@fhe SAVE
crystalline ofientation particularly in the first nmetal film 11l of the SAW

10 device of Embodiments 7 and 1 were examined by an X-ray diffraction

technique. It is found that the first metal film 111 of the SAW device of this
embodiment is oriented along (111) planes, while the first metal film 111 of
the SAW device of Embodiment 1 is polycrystalline having random
crystalline orientations.

15 That is, The first metal film 111 of the SAW device of Embodiment 1 is
polycrystalline, and additional ingredient, such as copper, is separated as a
crystalline particle. The separated copper collaborates with aluminum of
the main ingredient to locally form a galvanic cell. As the IDT electrodes 11
is exposed to the cell effect, aluminum, which is electrically more basic than

20 copper, may be corroded.

The SAW device of Embodiment 7 includes the third metal film 113
beneath the first metal film 111, thus having the enhanced crystalline
orientation in the first metal film 111. This can suppress the corrosion of a
crystalline particle due to local cell effect, hence allowing the SAW device to

25 have a higher moisture resistance.

The third metal film 113 of Embodiment 7 is, but not limited to,

composed of a single layer. The film 113 may be composed of two or more



10 device of Enbodinents 7 and 1 were exam ned by an X-ray diffraction
technique. It is found that the first netal film 111 of the SAWdevi ce of
this e | I s, oriented along (111) planes, while the first netal film
111 of n?ﬁ%“@ﬁ@@H@%?%e of Enbodi nment is polycrystalline having random
crystalline orientations. 15 That is, “The first netal film 111 of the SAW
devi ce of Enbodinent 1 is polycrystalline, and additional ingredient, such
as copper, is separated as a crystalline particle. The separated copper

col | abor dagerswith equalisngeesst Fomexample aghindi metal lm dd 8| (by af second

gal vanic cell. As the IDT electrodes 11 is exposed to the cell effect,

al um nummetal dHm 4128), exfirstcmetyl fibmelYasi thirdanetaddilovdpdr a fingy metal
corroded. The SAW devi ce of Enbodi nent 7 includes the third netal film 113
beneat h fHa fildst.. moesl be i dispased omguevemnthagothes &emaridhed piespelastricne
orientation in the fjrs%anetal }iln1111. Thi s can suppress the corrosion of
a cryst 8MbsHatedPrwithdhg sameeifeetal cell effect, hence all owing the SAW
device to 25 have a higher noisture resistance. The third nmetal film 113
of EnBodiment 7 is, but not limted to, conposed of a single layer. The
filn1113(£%ﬁb%§ con sed of two or nore PCT/JP02/00498 22 | ayers wth equal
success. gﬁﬂ athird netal film113 (or a second netal film112),

may be. df spos- e etk bftelRetishel FeWito Batbhiy pRF Rastiti 1o
sect i onalGHEA o K56 (SAMFIRRBskoiding ) ElnbSaiBbaf s b8 e Bkt ce

accor di ngn{ton FHROIL IR CofdpBhehfiafy B86Hed by like numerals as those shown
10 in Fig. 7 and will be explained in no more detail.

The SAW device of Embodiment 8 is differentiated from that of
Embodiment 7 by that an interdigital transducer (IDT) electrode 11 provided
on the piezoelectric substrate 10 includes an alloy layer 115 between a first
metal film 111 and a third metal film 113 and another alloy layer 114

15 between the first metal film 111 and the second metal film 112. The layer
115 contains respective main materials of the films 111 and 113, and the
layer 113 contains respective main materials of the films 111 and 112.

The first metal film 111 of 320nm thickness is made of aluminum alloy

containing 99 wt.% of aluminum and 1 wt.% of copper. The second metal

20 film 112 and the third metal film 113 are made of titanium of 10nm thick.
The alloy material of the alloy layers 114 and 115 contains aluminum and
titanium.

A method of fabricating the SAW device of Embodiment 8 will be
explained.

25 The third metal film 113 made of titanium, the first metal film 111
made of aluminum or titanium, and the. second metal film 112 made of

titanium are disposed in this order on the piezoelectric substrate 10 by



i nvention. Like conponents are denoted by |ike nunerals as those shown 10
in Fig. 7 and wll be explained in no nore detail. The SAW devi ce of

Enbodi ne ' M ff.erentiated fromthat of Enbodinment 7 by that an
interdig?%%ﬁJ¢¢%8%%%%er (1DT) electro%g 11 provided on the piezoelectric
substrate 10 includes an alloy |ayer 5 between a first netal film1ll
and a third netal film 113 and another alloy |layer 114 15 between the first
metal film 111 and the second netal film 112. The layer 115 contains
respect i wpubtgrimgmaterials of the filns 111 and 113, and the |ayer 113
contains respective main materials of the filnms 111 and 112, The fjrst
metal film 17Hhes, sassisttpatéereds nrovidedeonithe gesondrmgtabyiilng dd2abyi ng 99

e h ot S HheceSbrd el O 55 P rotal i B oy
ot hod orie dard mpteREiinb s ctehed TEABarHERDY 8 RPHvB Ao SiiBEned. 25
of al i ABREDr AP R GRTIShARESTE: BecoRt ueaover! hY 13SuAER T OHFEEBN um
per Jpokoeeres e ISTAERE 1 ePhEE0F eERbioag 2 ahid § bRttt A (e
second ngg,gf?lzﬁlggr,} %s}ng}lﬁn%%gl T%t hography. Then, the second netal film 112,

I
the first nme he third netal film 113 are etched in this
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10 switching over between the first metal film 111 and the second metal film
112 and between the first metal film 111 and the third metal film 113. This
provides the alloy layers 114 and 115 containing both aluminum and
titanium. The heating process is carried out commonly at a temperature of
150 to 500°C, or preferably 150 to 350°C. The succeeding steps are identical
15  to those for Embodiment 7.
The SAW devices of Embodiment 8, the SAW devices of Embodiments 6
and 7, and comparative examples having the IDT electrodes 11 consisting of
a single layer of aluminum alloy doped with 1 wt.% of copper were subjected
to a pressure cooker test (PCT) similarly to Embodiment 1. More
20 specifically, the SAW devices were left under a pressure of 2.03x10°Pa and at
a moisture of 100% for fourth hours, and were measured in their insertion
loss. The SAW devices were provided as SAW filters having a center
frequency of 942.5MHz, similarly to Embodiment 1. A SAW filter having its
insertion loss increasing by 0.3dB or more after forty hours was judged as a
25 defective. 100 units for each type were examined.
As a result, all the comparative examples are defective. No defective

is found among the SAW devices of Embodiment 8 and both Embodiments 6



The piezoelectric substrate 10 on which the I DT el ectrodes 11 are

patterned is heated up for having alum numand titaniumdiffuse and for 10
swi tchin en the first netal film2111 and the second netal film
112 and %gﬁyggﬁpﬁﬁgﬁ%irst nmet al filn1% 1 and the third nmetal film113. This
provi des the alloy layers 114 and 115%Contai ni ng both al um num and
titanium The heating process is carried out conmonly at a tenperature of
150 to 500C, or preferably 150 to 350C. The succeedi ng steps are identical
15 to thesd T.orT rdeivicep. of Brabarhimenet8 beye shemripseiitiamioss changedaw

devi ces of Enbodinments 6 and 7, and conparative exanples having the IDT

el ect r oddessithagyphgsetoffgmbodiments§land Zyand dravg mara impEevesymessage wi th 1
wt . % of copper were subjected to a pressure cooker test (PCT) simlarly to
Enbodi meAesistanggs e 20 specifically, the SAWdevices were left under a
pressure of 03 Pa and.,at _a noisture of ,100%for fourth hours, and
her o measar edi WL Slefiedss | bh Wt il GRpestofl et S6RBUVERd as
SAWTfLlters having a centef .frequenc 42. iSimlarly. to odi ment
TN Sanpisoeray Hiudegprs olt io it R Sha the AL enpbifded ol s e
after forgy. haur | d.as 25.defectihve.; 10 i for each type
tere exafiediss® B BBAFRE’s Bha’ KRIRE A HanVE dseai PELS sl esiBE R L o
defectiv ' u it | f '

oo et | v Sab AT o e SRR SRR A TP ROl o e
their | nagid isofiw! A39ick "ANBfhodifthe! Bk A9 Sigh FTPREIERIGD Alf 1, and
have nore I nproved noisture resistance. e | el ectrodes 11 were

vi sual |y iiip3B6&d &6 tHS nitfstre GRBistyR&@. 5 el ectron nmicroscope. It is then

found that the I1DT el ectrodes of the SAW devices of Enbodinents 6 and 7
exhi hpt a hi diefhedBasRIngenibiRlifent&heSAW element 14 is tightly covered at
its periphery with the resin coating 21, while allowing an oscillation space to
be clearly formed for the IDT electrodes 11. As shown in Fig. 9, a resin
cover 27 may be added over the piezoelectric substrate 10 to protect the
upper space above the IDT electrodes 11 with equal success. If a resin
15 material is used for forming the space to enclose the SAW element 14 or is
exposed to the enclosing space, the concentration of chlorine ion measured by
the PCT is preferably not higher than 50ppm. If the resin material is doped
with a filler, the resin coating 21 permits water from the outside of the SAW
device to move along a longer pass before the water reach the oscillation
20 space for the IDT electrodes 11. This declines the water absorptivity of the
resin coating 21. Accordingly, as compared with no-filler doped resin
material which has the same concentration of the chloride or bromide ion,
the resin material doped with filler permits less amounts of water to reach

the IDT electrodes 11, hence contributing to the higher moisture resistance

25  of the SAW device.

Industrial Applicability



alum num at the sides of the first nmetal film 111 made mainly of al um num
The SAW devi ce of Enbodi mnent 8 has no sign of the corrosion and is

i nproved ¢ it ure resistance. 10 In the foregoi ng enbodi nents, the
SAW el errgrgarqgg%/g@%%ht |y covered at ,ikts periphery with the resin coating
21, while allowing an oscillation spaCe to be clearly forned for the IDT
el ectrodes 11. As shown in Fig. 9, a resin cover 27 may be added over the
pi ezoel ectric_substrate 10 to protect the  upper space above the |IDT

el ectrodes 11The t RAMGudevige ceatt sbe | fmproved An1moigtue; JesistanseedupeR

form ng the space to enclose the SAWelenment 14 or is .  exposed to fhe

encl osi n@n§1b1§é’é$ & KesiBotatmg Madsh obPPeeifis, yesn i%ﬂt%s%@(’%iw tq kBepPCT | s
preferably not higher than 50ppm |If %Qf resin terigl is.doped with a
filler, PHESHSIMYCRHANIAECOVEIHRE AR IGEMGta Praﬁ*ga%er geirageof the SAW
device to nove along a | onger pass before the water reach the oscillation
20 space for the IDT electrodes 11. This declines the water absorptivity of
the resin coating 21. Accordingly, as conpared with no-filler doped resin
materi al which has the sanme concentration of the chloride or brom de ion
the resin material doped with filler permts | ess anmounts of water to reach
the I DT el ectrodes 11, hence contributing to the higher npisture resistance
25 of the SAWdevice. Industrial Applicability PCT/JP02/ 00498 25 The SAW
device can be inproved in noisture resistance, upon including a resin
coating made of specific resin material according to the present invention
for covering an interdigital transducer el ectrode. PCT/JP02/00498 26 CLAI M5



1. A surface acoustic wave (SAW device conprising: a piezoelectric
substrate; an interdigital transducer (IDT) electrode on a first surface of
said 5 @@F\Kﬁﬁb@%ﬁgc substrate; and a resin coating for covering said IDT
el ect r odée, erern, after a piece of r2§si n material of said resin coating
is dipped in an anount of pure water “as sol vent having a mass as 10 tines
great as said piece of resin material at 120C under 2 atom pressure for 10
twenty hours, a concentration of chlorine ion in said solvent is not higher
than 50ppm 2. A SAWdevice accordi GBAIMS| ai m 1, wherein, after a piece of
resin material of said resin coating.is dipped in an anount of pure water
as sol vent 151-ha$isngf8@er?§9§stagwet(ﬁ @‘P‘élﬁ@ COIPIMIALEpi ece of resin
material at 120C wunder 2 atom pressure for twenty hours, a concentration
of bromine ion in Pé%ﬁoﬁl%C&TIGé%S?@t?iot hi gher than 150ppm 3. A SAW devi ce

according to claim1, erei.n said resin_coatin 20 covers .a secon

curTace Snd a s den shteldraitaytasnetuer T Sctle on a BN Lol ad

accorgi ng.to ﬁéﬁ?im 1 urther conprising a resin cover nade of said resin
al Higgoelegfeicisyps

mat er i f ahderiphery and said IDT electrode. 25 5. A SAW

devi ce according to claimJl, f\[/(\),her ein said hﬁ)} I§ct ode i ncl udes:
PCT/ JP02/ 00498 ant "85 cpatingor cavering said, 'rFSe %> num on said

ﬂbeﬁg' e\c,\}rivc Z ‘r‘]gﬁl%%i‘ﬁi afferS§ §38% LbR%EEInC BIMeRHA WY Hid S8/ Ongfis T 27
dipped in an amount of pure water as solvent having a mass as 10 times
great as said piece of resin material at 120°C under 2 atom pressure for

10 twenty hours, a concentration of chlorine ion in said solvent is not higher

than 50ppm.

2. A SAW device according to claim 1, wherein, after a piece of resin

material of said resin coating is dipped in an amount of pure water as solvent

15 having a mass as 10 times great as said piece of resin material at 120°C
under 2 atom pressure for twenty hours, a concentration of bromine ion in

said solvent is not higher than 150ppm

3. A SAW device according to claim 1, wherein said resin coating

20 covers a second surface and a side of said piezoelectric substrate.

4. A SAW device according to claim 1, further comprising a resin cover
made of said resin material for covering over a periphery and said IDT
electrode.

25
5. A SAW device according to claim 1, wherein said IDT electrode

includes:



Mh over said first layer. 5 6. A SAWdevice according to claim5, wherein
sai d second |l ayer contains alumnum 7. A SAWdevice according to claimb5,
¥merei n .’HJ#%O@QQBM rode 10 further includes a third |ayer between said
irst and secon ayers, said third Ilayer containing respective conponents
of said first and second | ayers. 8. A®"SAWdevice according to claim1,
wherein said IDT electrode includes: 15 a first |ayer containing at | east
one of Ti, Zr, Nb, Ta, W V, and Mh on said piezoelectric substrate; a
second | ayer contaifirshipyeirwonbaiming elumanams on said piezpeleatric aubstirate;| ayer
containing at |east one of Ti, Zr, Nb, Ta, W V, and Mh over said second
| ayer. 2@mlL A SAW device according to claim8, wherein said third | ayer
contains alum num 10. A SAWdevice accqQrding to claim@8, wherein said |IDT

el ectrode 25 fur?Kesondlaysaeontaining atleastyane abline/dn NbniTo,tWr ¥t andd

second | gyers, sahg fourth |ayer containing respective conponents of said
first and“B&Y6haal ﬁ%? aYg&hd PCT/ JP02/ 00498 28 a fifth | ayer between said
second and third layers, said fifth |ayer containing respective conponents
of safd second and third layers. 11. A SAWdevice according to claim1,

wherein said gesiyn efial 5 contains filler. 12. A net.hod of
manuf :act ur: ngé'a ‘éu?gg‘(;:e({eé’é%euéﬁ%%é/er}o( %llﬂwl ge\W lg%r’em %id%SecBhd layer

contains aluminum.

7. A SAW device according to claim 5, wherein said IDT electrode
10  further includes a third layer between said first and second layers, said third

layer containing respective components of said first and second layers.

8. A SAW device according to claim 1, wherein said IDT electrode
includes:
15 a first layer containing at least one of Ti, Zr, Nb, Ta, W, V, and Mn
on said piezoelectric substrate;
a second layer containing aluminum over said first layer; and
a third layer containing at least one of Ti, Zr, Nb, Ta, W, V, and Mn
over said second layer.
20
9. A SAW device according to claim 8, wherein said third layer

contains aluminum.

10. A SAW device according to claim 8, wherein said IDT electrode
25  further includes:
a fourth layer between said first and second layers, said fourth

layer containing respective components of said first and second layers; and



conprising the steps of: formng an interdigital transducer (IDT) el ectrode
on a 10 piezoelectric substrate; and covering over the IDT electrode with
aresin 5§6§ 0 erein, after a piece of resin material of the resin
coating i's |ppég I'n an anount of pu&gamater as solvent having a nmass as
10 tinmes great as the piece of resin terial at 120C under 2 atom
pressure for twenty hours, a concentration of 15 chlorine ion in the
solvent is not higher than 50ppm 13. A nethod according to claim12,
wherein, after a pififdelayerhetween saideecondodnd thirddeyers said fifth kayer pped in
an anount of pure water as solvent having a nmass as 10 tines great as the
pi ece of coptainingrespegtivecomppneptiel sgid second angdrthied Jayersr twenty hours,
a concentration of bromne ion in the solvent is not higher than 150ppm
14. A method according to claim 12, wherein said step of formng the |1DT
el ectrode conprisge e,sub-steps.of: 25 formng a.first |ayer containing
al umi num on tHe gt SAYN diIFs accdiding rtatfifsm%ﬁd W ?‘Fﬁlﬂgsaé‘tisréé Pty
conta%niQB EL l?ﬁ t one of Ti, Zr, Nb, Ta, W PCT/JP02/00498 29 V, and M
over Phe Pzgpslaﬁﬁr. 15. A method according to claim 14, wherein said step
of formng the |1DT electrodes further conprises the sub-step of heating
the first and second 5 layers. 16. A nethod according to claim15, wherein

said sub-steppf Deallg ofhEnhcPLiAR% SEI00abAURLSwhOS (SHRA ddifeesub- Step

of heating the fir ayeprs enperature rangi'ng from 150
to 500C hfhprising the steps of:

forming an interdigital transducer (IDT) electrode on a

10  piezoelectric substrate; and
covering over the IDT electrode with a resin material, wherein,
after a piece of resin material of the resin coating is dipped in an amount of
pure water as solvent having a mass as 10 times great as the piece of resin
material at 120°C under 2 atom pressure for twenty hours, a concentration of

15 chlorine ion in the solvent is not higher than 50ppm.

13. A method according to claim 12, wherein, after a piece of resin
material of the resin coating is dipped in an amount of pure water as solvent
having a mass as 10 times great as the piece of resin material at 120°C under

20 2 atom pressure for twenty hours, a concentration of bromine ion in the

solvent is not higher than 150ppm.

14. A method according to claim 12, wherein said step of forming the
IDT electrode comprises the sub-steps of:
25 forming a first layer containing aluminum on the piezoelectric
substrate; and

forming a second layer containing at least one of Ti, Zr, Nb, Ta, W,



17. A method according to claim 12, wherein said step of formng the |1DT
el ectrode conprises the sub-steps of: formng a first |layer containing at

| east On%(?ﬁ/Jﬂ_ﬂ.)Z/O@i Nb, Ta, W V, and M on the piezoelectric substrate;
15 form ng a seconc?sl ayer containing gum' num over the first layer; and
formng a third | ayer containing at Ig st one of Ti, Zr, Nb, Ta, W V, and
WMh over the second layer. 20 18. A nethod according to claim17, wherein
said step of formng the |1DT electrode further conprises the sub-step of
heati ng t\hand Maxoverdhedfirstdayer.t hird | ayers. 19. A method according to
claim 18, wherein said sub-step of heating 25 the first, second, and third
| ayers includes the sub-step of heating the first, second, and third

| ayers at a tenperature of 150 to 5Q0C.
4 15r.Tp 1& metrhod accor(?ing to claim 14, wherein said step of forming the

IDT electrodes further comprises the sub-step of heating the first and second

5 layers.

16. A method according to claim 15, wherein said sub-step of heating
the first and second layers includes the sub-step of heating the first and

second layers at a temperature ranging from 150 to 500°C.

10
17. A method according to claim 12, wherein said step of forming the
IDT electrode comprises the sub-steps of:
forming a first layer containing at least one of Ti, Zr, Nb, Ta, W, V,
and Mn on the piezoelectric substrate;
15 forming a second layer containing aluminum over the first layer;
and
forming a third layer containing at least one of Ti, Zr, Nb, Ta, W, V,
and Mn over the second layer.
20 18. A method according to claim 17, wherein said step of forming the

IDT electrode further comprises the sub-step of heating the first, second, and

third layers.

19. A method according to claim 18, wherein said sub-step of heating
25 the first, second, and third layers includes the sub-step of heating the first,

second, and third layers at a temperature of 150 to 500°C.




