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e -- --- 22 Decenber 2006 1 Description SAW Device and

Met hod for Manufacture Thereof Field of the Invention The present
invention relates to a surface acoustic wave (SAW device for use in a
radi o comuni cati on apparatus or the like and a nethod of manufacturing

t he devi ce. Background of the Invention A conventional surface acoustic
wave (SAW device is disclosed i nDdspipieme Patent Lai d-Open No. 11-163661.
Fig. 10 is an enlarged cross sectional view of a primary part of the SAW
devi ce. The SAW device includes a piezoelectric substrate 1 nmade of
nmono-crystal material, such as lithiumtantal ate, and interdigital
transducer (I1DT) el ectrd8d% Devigs anfi Methed sudVanufactare Bieseadel ectri c
substrate 1. The IDT electrode 2 includes an upper |layer 5 and a | ower

| ayer 3 both nade of aluminumalloy containing titaniumand an

internediate |ayer 4 made of Cu, FRbld of e IRVedtidn | | ke for preventing
-alumnumalloy crystalline particles fromgrow ng and for reducing the

| ocal cell corrosiOrhe plgedtdhvehe6ih reldeestd § siBfee atoldie whvai(BAWRI | oy at
its top. Therefore, when being exposed to high-noi sture atnosphere for a

consi der abl e | @legide fot userm,a tdiio doeamuadesiomypeauas oathenlikemnidait to be
corroded, thus declining its properties. Sunmary of the Invention A surface

acoustic wave @sApddduhamigetpring/theaddviigh noisture resistance. 22
Decenber 2006

| 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 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 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.
Summary of the Invention
A surface acoustic wave {(SAW) device may have a high

moisture resistance.




. . . _ 22 December 2006 ]
2 According to a first aspect of the present invention, there is provided

a surface acoustic wave (SAW device conprising: a piezoelectric
substrate; an interdigital transducer%kltﬂ) el ectrode on a first surface
of said piezoelectric substrate; and a resin coating for covering said |IDT
el ectrode, wherein, after a piece of resin material of said resin coating
is dipped in an anmount of pure water as solvent having a nass as 10 tines
great as said piece of resin material at 120C under 2 atom pressure for
twenty hours, a coAceadding toon fiodt aspecirafnie prRentringentébrs dhatens i s not

hi gher than 50ppm According to a second aspect of the present invention,
there is provpusuded asurfd asbustiorreifec{SAW) glerics eofmprisinecaust i ¢ wave ( SAW
devi ce, conprising the steps of: formng an interdigital transducer (IDT)
el ectrode on appizegleetrscsubistrata;sstinterdigitahtranyduser (P Hedectrode poT
electrode with _a resin n?te_rial, wherein, after a piece of resin materi al
of the resin E&dtSUHgcs of sridiuezesieatricambstiatepand @resifeaaatingdos ol vent
‘having a mass as 10 t. great as the piece of resin. material .at 120C
Under 2 at om st seid DD TkIE o sttt 2t comickz ATk B ne i on i n
the solvent ig not, hi a}her tt.han %%%ma.zz Decenbﬁr 2006 2ta Brief

Descri ption of fﬁ%ld[f'eg 882 lu%%d.s ®C 10 Apggaoug Pfé’h‘é?v{’/?gﬁl%f an SAW
devi ce accor dj [ . f I j.n .on. Fig. 21is
an enl ar ged se%@%gﬁllgf]%hgﬁ Q%SS%‘J? ilpgtrnglega%rtwg??g ﬁ%fﬂ Eﬁj\ﬁlec{iggél%fe? of

Eggg: ments 1 {I%tgiafaalz@ocsu?d&rz)ﬁ&nﬁ%gan%'fo\f't%nfe& holafs, AW devi ce of

concentration of chlorine ion in said solvent is not higher than
50ppm.

According to a second aspect of the present invention, there is
provided a method of manufacturing a surface acoustic wave (SAW)
device, comprising the steps of: forming an interdigital transducer (IDT)
electrode on a 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 chlorine ion in the

solvent is not higher than 50ppm.
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Fig. 4 is a cross sectional view of the SAWdevice of Enbodinents 1 to 8.

Fig. 51s a cross sectional view of the SAWdevice of Enbodinents 1 to 8.
Fig. 6 is a cross sectional view of th® SAWdevice of Enbodinent 6. Fig. 7
is an enlarged cross sectional view of a primary part of the SAWdevi ce of
Enbodi ment 7. Fig. 8 is an enlarged cross sectional view of a primary part
of the SAWdevice of Enbodinent 8 Fig. 9 is a cross sectional view of

anot her SAW device of Enbodinent 8. Fig. 10 is an enlarged cross sectional
view of a primary part oBrefddesceiptiomnaf th8AWaxeingse. 22 Decenber 2006

PCT/ JP02/ 00498 3 Description of the Preferred Enbodi ments (Enbodi ment 1)
Fig. 1 is a cross sectFimal iviaeovoss sgcsionadodencotiomi SAM\L&‘(I%W device 5

according to Enbodipent 1 of the present invention. Fig. 2 is an enl arged
view of a pri mfPIEHRE t@fEmh@dsnw@ewb% @thprpwr#ugventlom gs. 3to 5 are

cross sectional views r .expl ai ste f fabr catJn t he SAW devi ce
shown in Fig. 1. The R 305 PR EASG AP AR Vi h ROSATY BBRUP Bl rent 14,

h I b f
b opasat i ng o ST favige st BEPSdited T8 or i oi tal tr ansducer (1 D)
el ectrodes 11 for exmfﬁlgn%_r‘sEtﬁgggstjggcglg@aﬁpw%gghg\g% 4 ﬁlhg lfor el ectrodes

12 at both sides of th a s 13 connect ed

electrically tEmb&&inddks 1 to 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.
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.
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.
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el ectrodes 11. The el ectrodes are provided on the surface of the
pi ezoel ectric 15 substrate 10. The piezoelectric substrate 10 of this
enbodi rrerﬁc%gpggg&ég lithiumtantalate, and it nay be nade of any ot her
nmono-crystalline piezoelectric material, such as lithium niobate, quarts,
pot assi um ni obate, or |langesite, or of a piezoelectric thin-film such as.
zinc oxide or alumnum C' nitride, provided on a silicon, sapphire, or
gl ass base. The thickness of the 20 piezoelectric substrate 10 is 350ttm
The I1DT el ectrode 11 includes a first mnmetal film 111 and a second net al
film 112 deposited on the first netal film_111, as shown in Fig. 2. The
first metal film 111 iRBespxintion obthmPreferted Exthodimentsi | oy (for exanpl e,
cont ai ni R@ O Wm.% OB al um numand 1 w.% of copper) having a thickness of
340nm T ﬂi&é@éﬁ'&nﬁé al film112 is, but not 25 linited to, made of

titaniumin tlpi s enbodi nent, .ancl may be made of material selected from at
| east Ti, zr Figpliga crggs gec VAeWphA BRriace appestiewave S ndevipe

flect | ectrod 2.and t d el ectrod 13 22 Decenb 006
b SBos PawraEG T ERBoIRRt, ) f VAP PERgRveRtion 2 igo ihan eniageedt r odes
11. A circuit .boar.d 26 har% Li.g; er éwéace el ectrpodes ég : i_t§ upper surface
and a t el MRAL AREMAr RAs oL he; SAW deyife shoynan Fig, L. i ligsi ¢ tBGHALE 26 has
th h ' . ' ' d il i ' | ectrod
526 o S0Boselilopd) 3 R S80I BedT0r Hitasng el RAW i 0%

el ectrod e ircuit board 26 is made of gl ass epoxy, Teflon,
pol yi m dgﬁo‘gtﬁﬁgﬁ:@f ?1 m or ceramc, such as alumna ceramc. In the SAW

EThe e TR, BAW Reptdel OFBMHHARAL D S HEA P SARY SUMAALT 23 THS 11 e

n the upper surface of the circuit boar O projection el'ectrodes
20. fhe BAW edbindRte]£GhEREIRE 2 hiRl&loniR Shpahard rﬂo@ﬁtﬂ pr Jifid e
material, such as gold, tin, |ead, copper, silver, nickefl, St tieir all oy.

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, potaésium 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 350um. 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
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A resin coating 21 covers a periphery of the SAWel enent 14 between the
pi ezoel ectric substrate 10 and the circuit board 26 except an oscillation

15 space r DT electrodes 11. As long as desired characteristics
are obt.ai%‘g{gjl‘]@o#oﬁg9 DT electrodes 11 nmay partially touch the resin coating

21. The resin coating 21 is nade of eﬁoxy resin, silicone resin, urethane
resin, acryl resin, or their m xture which have an electrically insulating
and are non-detachable fromthe property piezoelectric substrate 10 enough
20 to forlmwehisvedaydr atrangempat eidilar Thehe EPTrelectabdergl Rl may be doped with:
filler such as silicon dioxide, nmagnesi um oxide, or alum num oxide, for

adj usting a tAetremit boqain36 basfupgpeorsurfacehdectradesd3 onnitEnippel mapfacd, t he
resin coating 21 is nmade of epoxy resin material. A procedure of

fabri cat iangl aHer®avalielectrode f25embati losrar sunfadd. BBhe ehculisdurarde?s hake fir st
metal film111 is forned alnost entirely over a |arge sheet-Ilike

pi ezoel edbroush fisles wmhichhare pradidedthepeint and age fBled wath yia eleetdesnd 22
Decenber 2006 . PCT/JP02/ 00498 5 netal film 112 is forned on the film 111.
Then, Ba ddsivehichacernerti betyvasn dhe syrfppotelpetrndes fihyanch thhetearmaioadl  net al
film112. . The second getal film 112 and the first metal film 111l are

et ched i §legtredes gy ﬁe@éﬁ'&ti ard ¢ 1z madanf glpssgpoxyn detlon, polyianide;
pattern 2 hasﬁlbeen renoved. by ashing with oxygen plasma, and thus, the |IDT
el ect r od&BeH AN QF qexamic, e ef9mMIGng t he pad el ectrodes 13 shown

oo 220 SRR ol UL L e S8 b, FRS SRR
Bt MR R RO BRI TR Bl G LS P,
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-detachaﬁle from-the piezoelectric substrate 10 enough
20 to form the oscillation space 22. The resin coating 21 may be doped with
filler such as Si]icon 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
25  described. '
| The first metal film 111 is formed almost entirely over a large sheet-like

piezoelectric substrate wafer 10A by sputtering. - Similarly, the second
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the electrodes 11 and 12. In the RIE for the second netal film 112 and the

~first nmetal film111, the etching action at a right angle to side wal I's. may
adver sel ydyegphd/eeiged as known "side etching”. This causes the side walls
of ' the IDT electrodes 11 not to be pegpendicular 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 netal
film11ll and e _second netal film112. Any case may hardly decline the
advant agéﬂ‘i’?ﬁlbﬂ@ llﬁ@sfgﬁmedmrbmeﬁlm%n, the projection el ectrodes 20 are
formed on th ad electrodes 13. 20.Then, the piezoel ectric substrate _
wafer 10 is 'l%fﬂéhl‘?ﬁ%%g@e&lﬁwqyég?(ﬁgy @m@ﬁrwﬁpbym thewscond Fi g. 3.

on'the. Al BIBOL SERGyeGHT HESA] Bofelitsmnd the faAratiah i T4 A% mount od
o L L B S8 S AP AR B IS s T

7 A A T
and t hengllagg%)g?gcltl t ﬁgé gu eic{t&xgé%%&%fieé i‘? ?Hflsthﬁ@r??ﬁffl?cqog‘?%i? SCAME s t aken
ol ot r odois ] P Rlaagt ek BieShubaBle ) WSO EuAlinblE 1B (ea o

the descjrhadsMehdOfrUindtBY #n! TP1 CXEQL 88 RYcch ARRLLAAHSD ﬂ‘gtlhtlhg

di spenser or the like. In the latter case, the resin coating made of

CBT ol ot e e b e B R YR PR AR i eces
of aiodesCV@ The RIAPM DS Replachd by 4 koSBT SRENFRAMOY Providingd-
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
156 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 substréte wafer 10 is divided into pieces to be the
SAW elements 14 shown in Fig. 8. Since the projection electrodes 20 are
joined to the surface electrodes 23 6n 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
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10 The resin coating 21 generally contains chlorine ions and organic acid
whi ch are highly corrosive to the al um num conponent of the | DT el ectrodes
11. If tRgeAYhseuigse is left under a high-tenperature, high-noisture
condition Tor a considerable length oftine, the resin coating 21 is
infiltrated wth water, which may then, accunul ate adjacent to the IDT
el ectrodes 11. 15 During the infiltration, the water is doped with chlorine
ions released from the resin_coating 21 and then become acid at a |ocation
adj acent resin fills|igtweendder §44% elementh 14 and dhe nipzoalestria wehstoakes18.1 t o
devel op contact corrosions by battery effect between two different netals
. dependi nditobns Héom@ﬁﬁbﬁr%e% €aBe 1§ faken fe ﬁJl‘ﬁ’é‘?%H the pasinicoaiing 2hdramcond

metal film 112, As a uIt e firs ilm11 corroded at
the si deﬁwﬁa‘l GOBFASt With Iféﬂ‘ %?W@%mfi Eﬁb& rucft;qu«rpﬁilze Y98N he | DT

| ectrod ded, decl th
Sr ggei'? i gga I‘Fﬁgivﬁg&&rlﬁa%@é %ﬁﬁ‘?@ﬁ% ? B“? erfﬁl"‘f’ei eég‘ael?qﬁla{]ﬁnae‘gpyvapor
d . | DT el ect P t | | d t t ed
50 ohor BOPHERLPE stith ¢ Giongtodh G iHeiES ilﬂ?a [tk i e Bieia <PaBEDT

of “the aBdve PR ﬁhﬁ“%ﬂ Frishdlf b ei#?%é:t%?faﬂf&?erﬁﬁ%ﬁéﬁﬁﬁf”am 1 Bgfat>t oY
chl ori deﬁklngjjilF ? d&gg,%ﬁ&e%gQG PCT/ JP02/ 00498 7 which is highly corrosive
el ec

to the | € SAW devi ce was subjected to a pressure cooker

test (PCT) V‘";I‘&%B} thBVakueY WphanvhRR 2@&% %vﬂ{g‘?ggﬁ'tr | ?%ceg of 3 ha6iad 2

noi st ure of and a tenperature o rent resin

gﬂterl al §h§19@w}ﬁa?kﬁrﬁ@om@smw&vit%ws%w%ﬂmg grbodi ment were i mersed in

pool of. pure water having a mass 10 tinmes greater than the resin
mat efg al s angheesRih @bhtinBlALC geﬁaranyt ¥thind\EhloPind ibels AME oPAYe acid

conditions. The resultant |liquid wa anal yzed by an ion chromat ography.
Concent r gthich afd highI9Tdoprosivdtd Bhésblhmmnum 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. Asa

result, the first metal film 111 may be corroded at the sides, which are |

not covered with the second metal film 112. As the IDT electrodes 11 is

corroded, the SAW device will be deplined 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,
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in Table 1. 10 (Table 1) Concentration of Chlorine lon (ppm Resin
Material A 31 Resin Material B 51 Resin Material C 62 Resin Matérial D 70

Resi n Matperpygbood4ls The SAW devi ces nmade of five of the above resin

 materi al by the described nethod were;left under a pressure of 2.03x106Pa,

a noi sture of 15 100% and a tenperature of 120C for forty hours, and were
tested in their changes in their insertion | oss. Hundred SAW devi ces for

conter 1 FOHGRIR PR CoRBYA B2 ¢ 19T otatitrot i nacr t  on | 085 | ner easi ng by
0,305 o 0" ol L R SRR 1S e e R SO i 11,
AT A T P T S Y SR
cont ai ni FguRet B StIROCSoRits BiRsinbroi gkl AFRHRELE & theBRw"
5 device of the embodiment were immersed in a pool of pure water having a
| mass 10 times greater than the resin materials and were left intact for
twenty hours under the above conditions. The resultant liquid was

analyzed by an ion chromatography. Concentration of chlorine ion is shown

C 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
( P15 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.
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5 However, defectives are found anong the filters of the resin materials C,

D, and E containing nore than 62 g ppmof chlorine ion. If.the resin
coati ng HoTapebesugs the SAWel ement 14 is nmade of the resin nmaterial
contai ning not nore than 50ppm of chlgri_ne i on nmeasured by PCT, the IDT
el ectrodes 11 can be prevented fromcorrosion. 10 After 1000 hours of a
hi gh-tenperature, high-noisture test under a tenperature of 85C and a
noi sturer@f ?5% no defective anong the SAW devices having the resin
coating aBleo?) the resin materials A, B, or C containi ng not nore than

62ppm of[ CATorrde 1on 1S Tound. [lhie TDT el REh] &?gfﬁéf @] el two-taye

st ruct urfe—1f he Mbi IT- I1 teral 5—contarirs—hot

chl or i nd—-er—RsesB %t%ﬁa re—PCH-—even—the—SAWdevice including..an | DT

el ect rodes_af B smmt;ena;ll »r_strjicture nmade of _al@ni num or _al umi num al | oy

may exhilbi t ndlesimMateeisl& ance.] However, the SAW device including {he | DT

el ectrodes haReaih MutetiadD ayer istructure exhi bityg hi gher noisture

resistance. 2§ loPRTg 2) The structure of a ggrrace acoustic waye

(SAW devite of —Empodrment 2— 15 substantiatty—+dent+cat—to—that——of

Enbodi ment 1 and can be fabricated by 22 Decenber 2006 PCT/JP02/00498 9

the sane nmethod. The resin coating 21 of this enbodiment is however nade

of resin nat ¢ apPayens irave tlabila 2nsoe defrcsivetisfosnd pmaerng the Gittene of the

exam ned by a pressure cooker test (PCT) and contain different

measur enEpE %‘@t%‘ﬁ@i% nd B sentaiping mpt tpereptian $0gpus (ofrdhjorine Babodi nent
a. pool  of pure water having a nass

1, the resin materjial.s were_i rsed i
(LQ; ti S%}Fgg{e& S@t]ﬁaﬁvgﬁgrq B&g{fﬁﬁ’c"é‘r& esfilters 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
( f 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
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and were left intact for twenty hours under conditions of 120C and

2.03x105Pa. The resultant liquid were analyzed by an ion chromat ography

and thei rpaEapos/BoRid s of . the concentrations of the chlorine ion and the

10 bromine ion are shown in Table 3. (dable 3) Concentration of ,
Concentration of Chlorine lon (ppm) Bromne lon (ppm) Resin Material A 31
Not detected Resin Material F 33 280 Resin Material G 33 204 Resin

SAW devi B8 TR0 GRERIGtL <] R oS dBABREST ) bt (i ETRBRERArS HaPereRPr by tho.
100%  andiae Ghbena Gpeidrl THuth coRLAIB G} Otk Shan WDBEH OF ChLgtRRI M ¢ hel r
mat o =l STRTHRPA DI of o RS A FOKEEr SoT fgTh BBt PniRReGURgND
0. 35 or e ErEale P B lon (R insiby BSPEAS 2 defectives The
Nmbef of Dol Bbubedkiflt L. tha R SERRRMEN S Rl
Mat eri al ,GLPSF pure water having 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 Jon (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 meﬁhod were left under a pressure of 2.03x10°P3, 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 hdving a center
frequency of 942.5MHz. Filters having their insertion loss increasing by

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

The result is shown in Table 4.

(Table 4)
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Resin Material H 23 Resin Material | O Resin Material J O As apparent

fromTable 4, no defective is found anong the filters of the resin

mat er i al Py IPo2/e0808 contai ning not nore than 150ppm of brom ne ion.
However, defectives are found anong thg filters of the resin materials F,

G 5 and H containing 80ppmor nore of bromne ion. If the resin coating 21
enclosing the SAWelenent 14 is nmade of the resin material containing not
nore thgn 50ppm of chlorine ion and not mmﬁﬁ@oﬁm%&g brom ne ijon
measur eg Dy T DT elrectrodes 11 can be f{urt ner “prevent ed—f{r om
corrosi gn Q%S&Ma&e%?l tH-s—of—a—Hhi ull LCII}JCI at Lﬂb’f i gll Fo+sture—tHest

- under a Q_and_?_m_su%e_gi_%_/e_no_deiecu_ue_u_uund
anong t e SAWB@EI/M:@@HE!AQ udinglthe resin coatindof any of the resi/n

mat eri alls A, Resin Mutesiat ®ht ai ni hg not nore than B®ppm of bromine ig¢gn. 15
(Enmbodi nent 3)R&AiAMIRREiAl fabrifating a surface agoustic wave (SAW |device
accordimg to of tnp present |nvent|o WTT Dbe CIeSCI’I ped. The
SAW deVi CTC Uf ?Iugﬂgé%\?{lallﬁcllt I II.,I UUUD [z} DUL,UIIU Ilb'?al I I I LI J.J.L UI
interdigital transducer (I1DT) el ectrodes 11 nade of tantalum but not 20
titanium O her arrangenments are identical to those of Enbodi nent 1 as
fabricated bylsappayamé froan Rable 4 ndrdededivg wdoilndsameng thelfiltat ofithe a
pressure cooker test (PCT) ---- ----- --- 22 Decenber 2006 PCT/JP02/ 00498
11 si ni reginymateriplsdyiland Jicontainingsnet moge hand 50ppmmbf braningpapl e 5)

However, defectives are found among the filters of the resin materials F, G,

( R 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 iIJn and not more than 150ppm of bromine ion
measured by the PCT, the IDT electrodes 11 can be further prevented from
corrosion. |
10 After 1000 hours of a high-temperature, high-moisture test under a
tempefature 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, [, |

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

15 (Embodimént 3)

A method of fabricating a surface acoustic wave (SAW) device according

to Embodiment 3 of the present invention will be described.
The SAW deﬁce of this embodiment includes a second metal film 112 of
interdigital transducer (ADT) electrodes 11 made of tantalum but not
© 20 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)
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Nunber of Defectives Resin Material A O Resin Material B O Resin Mteri al
CO Resin Material D7 'Resin Material E 32 As apparent from Table 5, no
def ectlvq;O@Jﬁ@ymg’grmng the devices of 5 the resin materials A B, C, and
D containing not nore than 60ppm of ﬁtlﬂ orine ion. Simlarly, the SAW
devices of the resin materials A and to J described in Enbodinment 2 were
exam ned in influence of the bromne ion. The result is shown in Table 6.
10 (Tabl e, 6) Def ecti ve Resin Material A O Re5|n Material F 88
Re3|(n VaSERAF Y(fro%m%‘?ééliﬂﬁnﬁ/ﬂt ed; i’&lreﬁl“]ﬁ 1sgbopm Walebled)- | 0 Resin Material
-~ J 0 As az,galhle from Table 6, no defective is found armng t he SAW devi ces
of the rést terial containing not nore than 150ppm of brom ne ion. For
the resiin material F, the nunberf of def eCtNYl‘ﬁbérsofelbéf@éﬁv&Wa' to thpat of
15 EnbodiTrent R%Sin [aJ:E; MREST T terratrs—Gan [T TTuTTheT of—deferti ves
I n this rerbodifen S—Si er—than—that—of Enbud. peRt—2—The—SAW-dew ces of
Enbodi mbnt—3 1 Matg T i e resistance tha those of.  FEnbodinehts 1
and 2. It _is_ResinMaterial fe nornal el ectrode poteflial of titaniumik
cl oser §fo 22 ResiankkutedaDb 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 confaining 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 Tabie 6.

10  (Table 6)

: Number of Defectives
Resin Material A 0
Resin Material F 38
Resin Material G 35
Resin Material H 7
Resin Material I 0
Resin Material J 0

As apparent from Table 6, no defective is found among the SAW devices
of the resin material éontaining 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 2.7

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
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PCT/ JP02/ 00498 12 that of aluminumthan to that of tantalum In other

words, a difference of the normal el ectrode potential between titanium and
al um nUI’T'IP@jP@/b@ng than that between tantalum and al uninum Therefore, it
Is told that corrosion by contactgbetween two different netals nore

i kely occurs for the 5 second netal film 112 made of tantal umrather than
of titanium and the noisture resistance is nore declined for a

conmbi nation o ant al u [ um wever, the result of this

enbodi nefkakhampmum & Erf@e%ﬂt Qﬁ}amit@? toIlaoﬂp%rrW@réfmghfﬁ@rep%of
advant ag an el roch m cal was carried out 0 for nepasurjng the
el ect rodgh‘foé{oé% Sere %P@Fﬁ?&léeé‘%@\éﬁ?q Rtapium and plminyny, 1513mgHer ¢ he

32??’23/ | aﬁawa 1%91'% s d%a%mﬁlﬁnﬁ%rte? gﬂ‘ggv%{%%t GadoHE gt :e fAW
el 1 ponfSaiph b0t Bt BvE bt fm&“ﬁcﬁfnﬁméi‘?ﬁi}%frwrﬁ i Eléeit the
roasul 1 naoes il P BER 1 Bl of tibCIg ¥hR (SR BRie B0 4 e
cor r odi ng. UL eeof SIRLD 15 B! ALEA L,-hyfogogsgommamnof TRyl 1 he

second exani ned srmXafl nmeasuring ral
pot enti al 1. Aflhf erence bet ween respective natural potentials of the two
netals represents a 20 difference between respective el ectrode potentials

under the testowSRY RNFEMIE of10iS BRIDHinleR® Ahihies 8NE @verE@%f ’?ﬁ@t jhe

corrosion by the contact between the two netals is reduced

él ectrol yf1Q. SToHCIANyNAS thé AdFaasadd, LH SRR 6cREmAhIt @sB AR Pled AT as an

l'ectrolyte into pure water based on a test result of the resin 25
mat e1g al fo2 Ineisurieg BAY\eLiRYIcIR. pdikatidd Feffefentia BetWasn ahe FNGE npdtal Elhe

concentration of the chloride 1onis not clearly found on the IDT
el ect r odesl 4idd the sédumdanetalafilie 11 2lintceakidessitibn af théenPEdnment 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 é natural
potential, ie., a electrode potential having the corroding current remain
substantially constant. Then, the metal of the second metal film 112 was
examined similarly for ﬁleasuring the natural potential. A difference
between respective natural potentials of the two metals represents a
20 difference between respective electrode potentials wunder the test
~ environment. The smaller the difference, the more the corrosion by the
éontact 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
95 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.
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22 Decenber 2006 PCT/JP02/00498 13 The test was car r2| edecc?m e\l;\nzt t he

counter el ectrode made of platinum and the sanple el ectrode nmade of Al -Cu
al | oy or PUWHNMI2/00498he difference between respective potentials between
the. two el ectrodes ranged from 35V tol30.45V. 5 In that case, the titanium
el ectrode serves as a cathode, and the Al-Cu electrode serves as an anode.
Thus, the Al-Cu alloy as the anode | ost electrons, thus being corroded.

Sinmilarly, thgedidsterehesrraat B‘Eteﬁriﬂﬁﬂﬁ?@%ﬁﬂfer%léﬁ%éléﬁadéf oft PRtEAMAL er

el ectrode nmade of platinumand the sanple el ectrode made of Al-Cu alloy 10

and t ant ghdreheasampRseleetlonaBhdd of BT afloY drotithdaM. ThRe GafféRbdRevas t he
tantal um el ectrode, while the anode was the AL-Cu all oy el ectrode. The

Al - Cu al betwesh Eddpeativd poramtidlobebissh fife 106 bR@LRIdES rafsed fréhes5Vitbe sane
test was carried out for measuring a difference between respective

potenti a0st5df t he al umi num el ectrode 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
(ref éred tolmshat nadd, ghsititaniwhidlectaode gatviesessa dethodler ahdrthed\ltGuas a
base side hereinafter) as conpared with alum num As apparent from above,
when t heelggtofle | seeves sad avatvddé.n Fhusr theiAlCucaldy tasobhe tamodel bastr ode
potentials of the el ectrodes made of alumnum Al -Cu 20 alloy, tantalum
and tit aelectrras.cthysrkeinsisortodads hi s order. More specifically, the SAW
filter of Enpodiment 3 aJlows. the electrode,  potential - difference between
al um num and>tpHariyyihe iffaransg hetwpen. vospeetive petantisles Aldher epINtETr known

i the Daeatemande b Pinkinin and; Gionsewply closimoeumadeel AFEh AUBE
PO aRtial diiference, belween, the, Mol al: o b ihsa0Y 12 o iewse! e
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 measﬁring 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, whﬂe a negative side is referred to as a basé 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 a;'e more noble in this order.

More specifically, the SAW filter of Embodiment 3 allows. the electrode
potential difference between aluminum and titanium to increaée 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




: : : : 22 December 2006
al um num and titanium respectively, hence reducing the corrosion of the 22

Decenber 2006 PCT/JP02/00498 14 |DT electrodes 11, In other words, the
SAW devi RCHIPeamHo4dsrent 3 has hi gher noisture resistance than that of
Enbodi nrent 1 and 2. The second netal 14ilm 112 may be nade of materi al
selected fromZr, No, W V, and Mh. The material having a small el ectrode
potential difference between the first 5 netal film 111 and the second

I fil n de
t:ﬁte:el el:t r ode?efcrwg)%%%hie go@?@‘%e%'n%ﬁ%mugﬁgpé% g?ﬁ\é\ég ?Ry@afg&?rrgtt §ﬁré rﬁ\éegt S
ave ( SANEHE, FREGRE et RCARR thad G ERBARiBer)1 | ﬁﬁg?eﬁt‘ﬂ.ieﬁ%%n?ﬁ"““ &
that of @&%@ﬁ]ﬁnilzlni%whﬁﬂeaoﬁﬁ%Q%?aI%é&ea dﬂ%%z Ny Ofn Ay Tt al

sel ected from Zr A Tesin coat| ng 21 is

made of gHeh@ktdhig] hesing ARLAII @iec&oaé PotPRGE B Herénd belhied ) Ardmteri al
| of Enmbodi nent 2. The second netal film 112 of this 15 enbodi nment iIs

sel ecs ed nigtalnfitit Fl1 #ad ithe sbeaiemetBl SlHA 2 @sdst ﬁﬁc&ﬂdxﬁsh fwhéredthger ves as
a cat hode agai nst alum numand an alumnumalloy for a first netal film
111. HunSAN 8évicdevperetdeof pleveati nitat electBsd® Fubinethedcdr@osion] adsire 3
cooker test (PCT) and a high-tenperature, high-noisture test simlarly to
20 Enbodpreviting a SAWelevidd having o highdmaimage rédsiadé daseassd.havi ng t he
second netal film 112 made of Zr, No, W V, Cr, or M regardless of the
type of the resin material. In the SAWdevices with the second netal film
112 made of Pt, An, or Pd, an el ectrode potential difference between the
iﬂ%rst n@@boﬁm‘mﬁl@l and the second metal film112 is | arge, thus causing
e first 25 net film2111l to be_corroded at its sides and declining their

charltt eri st a%ﬂﬂ@é%ﬁ meve, (S dewieeiacearding be Babogimeat defithe 21

cont ai ni n
plgesemE 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
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nore than 50ppm of chloride ion and not nore than 150ppm of brom de ion 22

Decenber 2006 PCT/ JP02/ 00498 15 exhibits high noisture resistance if the
second net@/JPOI/GR4882 i s nade of any metal selected fromTi, Zr, Nb, Ta,
W V, C, and Mh. (Enbodinent 5) 5 A $@rface acoustic wave (SAW device
according to Enbodinent 5 of the present invention has a structure
identical to that of Enbodinent 1, but different in the conposition of the
second nekatbity highlihdisthrd Riddahcs ietld &8nd jlﬁetam?l PP Iﬂafa%'dlf

. i Yanyt he
second netal film 112 of this enbodinent is made o um num al | oy

cont ai ni mgeta0salectéddohl TIaZr UND, T8, Wey, $aV\adawige of this enmbodi ment can

have a small er el ectrode potentlai di fference between the first netal film
111 and the second netal film 112 by 0.15 to 0.25V than that of Enbodi nent
1. This reduces corrosion by contact between two different netals, and

i npr oves (Einbodiment &y e resi stance. The el ectrode potential difference was
measured 15 simlarly to Enbodi nent 3. The mass of the second netal film
112 dF this émuotheesrpustic svatd (SAWY devidémacutdit: 60/Enttsoditdeait Fosf the

Enbodi mrents 1 and 3, respectively. As a result, if the IDT electrode 11
have a nBieseatuavention s afstEnttoae nidentitahial tBat tidmbodanenedalbuti | m 111
can be tgjigker,._thus decreasing electric resistance of the 20 I DT

el ect r odedterent iy the ¢impesitionnd thareaend oretal fitrnild 20fitbd i Iih elegtroda

reduced jpns ion | gss... The I DT e|lectrode 11 can_have_the increased
t hi cknes@- ﬁ%&%spwﬁﬁmm egpeond medal flm 132 of hissmpedimentis made | s

because aracteristics of the SAW device change due to the mass of the
/TRT el _ec‘{’:iquaclﬂgjsmﬁfl. aﬁgy c%taéﬁjé’rgp:?@?"ttg%é’%ﬁém%m- the specific gravity of the
1 1t ?lgn' innt hg’gfggrs‘%q/ie glte%gq%eog ]th_is te?n 0 1{neentthgar} '}{a%‘éngsgmo etrhglelc r-(l)-dee lectrode

cr
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 meaéured
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
1mproving 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
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absorb an error of the precision of deposition by sputtering, thus

| mpr ovi n%JQZ:Z Decenber 2006 PCT/JP02/00498 16 the yield rate of the
devi ce. HPBP#B0498 Enbodi nent 5, the second netal film 112 i s nade of, ‘
but not limted to, Al-Ti alloy contdfning 30 wt.% of titanium The second
metal film 112 may be nmade of any other nmetal containing different rate of
Ti and 5 alum num all oy containing at | east one netal selected fromZr, Nb,

Ta, W Vihe@icldaade bhtlvd 86viegual effect. (Enbodinment 6) Fig. 6 is an
enl arged cross sectional view of a primary part of a surface 10 acoustic

wave (SAW deldcordiagaor BintediektBothdesdoi fletANAlMA988tmadd e Buton. The
SAW devi ce of this enbodi ment has a structure identical to that of

Enbodi nembt lineited pd, AIEL alliwe cotiadiingc30 @0.99bf tibanitine’ dT'He tedond maeglducer
(1DT) electrodes 11 is different. The IDT el ectrode 11 of Enbodi nent 6
i ncl udesfidm 813 mayl by exadel df anp otlsdnvmetal domthiniat diffomntirakerod T aadd t he
second netal film 112 and is nade of alloy containing metal of the first
met al 5 f i plaminumradloyetatabfingted leastoont medabselécted ftdiR. ZrT b, fTay, W, Vet al
film 111 of a_thickness of 340nmis made of alum num 3 alloy containing,
for exanpleanddlnwith egual effestum and 1 wt. % of copper. 20 The second net al
film112 of 10nmthick contains titanium The alloy layer 114 is nade of
all oy containing alumnum .a prinmary ingredient of the first nmetal film
111, andgEEi banj um % primary ingredient of the second netal film 112. A
met hod of “PRBMRERY Yy t he SAW device of Enbodiment 6 will be 25 expl ai ned.
The first mei?al 6“ | m 111]} mage of al %Im' nfm or ?n al. um num pbased
| i\) 1g. 6 1s an enlarged cross sectional view of a primary part of a suxface
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 340rm is made of aluminum
_ J - 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 titaniﬁm are_depos.ited n
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material and the second netal film 112 made of titaniumare deposited in 22

Decenber 2006 PCT/JP02/00498 17 this order on the piezoelectric substrate
10 by splRGEIPOZ00A98Nn, a resist pattern is provided on the second netal
film2112 by photolithography. Then, the second netal film 112 and the
first nmetal film211l1l are etched 5 in this order by a reactive ion etching
(RIE). As the resist pattern has been renoved by ashing wth oxygen

ol asme, e, G el 55l g B EUA A R ep lgeO0es 12, and Lhe pad

el ectrodes 13 are shown 1n e pFezoel ectric substrate
10 on which gy O RLRGIFAYES i‘slf%ﬁdeg%%%@?é’ecbﬁd*ﬁ%&ﬂdﬁﬂﬁ ip A ffusing
alumnumin the first netal film11l1l an Otitaniumin the second netal

Cfilm llzphﬁﬁolﬁhb?ﬂﬁbﬁ . the alloy layer 114 containing both alum num and
titaniumis devel oped between the first nmetal film 111 and the second

metal film 1ihenhheRBAIN RIS 1D PERS AdstOMbtATIRP MY add efeched
tenperature range of 150 to 500C or preferably 150 to 350C. The

t enpes at i ehisardoe dlyi ) gedrtivedon bbcHiapRRIEDANALTRE roEYt Patiest hagdhdehe

di spersion of alum numand titanium The tenperature exceedi ng 500C, which

i s cl oser¢moeedrblytashgngovith oafgermblonsmantlef IPEectiddeshil,dhy @flebidri ze t he
resultant I DT electrode 11 in its characteristics. The heating process nmay
"be per f oelestrodeel&; abH\thapadrelddfodes BHae: forddedllae shempeimfig. 6. not hi gher
than 350C is _preferable for %r eventing the characteristics of the SAW

devi ce from dbgl piazaglegtric tsybetrate il oonwdright the BPTaktegtrodes 1% aret ed t hat
the IDT electrode 11 may be free fromsuch electric intensi tﬁ: br eakage

even whebdliernpdl wheatadmpsior diffysinepduminymin the fratimetaldilm K apdct r ode.

: The succeedi teps are ideptjcal, _to those of Enbodi gent 1.
10 tlgamum rillg ale Féecond metaP ﬁ!lm 112. As a result, the alloy tlayer 114

containing both aluminum and titanium is developed between the first metal

film 111 and the second metal film 112,
The heatihg 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.
VThe 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.

wint,
=

' f\) 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 bhe 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
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The SAW devi ces of Enbodi nent 6, the SAWdevi ces of Enbodi nent 1, and.

' conpar at p /?ﬁ%@ gncl uding an I DT el ectrode 11 nade of a single |ayer 22
Decenber %‘8‘0 C@?gPOZI 00498 18 of um num al | oy doped with 1 wt. % of

copper were subjected to a pressure cooker test (PCT) simlarly to
Enbodi nent 1 for examning their insertion |osses. The SAWdevices of this

‘enbodiment, simlarly to Enbodinent 1, were 5 provided as SAWfilters
havi ng @@Mﬂl@@&ﬁ*&fﬁwe fW ilzl Bt of coppeY Werpsab) 1 2BTESPUES t i on
| oss i ncreasi b dB..or. npr fter forty hours. was, judged as a

def ect | ViookendBa (RETT SHRUSER o urbamenbeh fom garmining fhatt Theedion e
conpar atj ve exanples are defective. No defective is found anong the SAW
devi ces 9F8bodi nents 1 and 6. The SAWdevices j1 - 10 of Enbodinent 6

hav he i [ h o | h h f dj. d
have e | SRl Gt NA8s kS35 R ORFE go SORGHLEN A L
o, OSSR R T BBl AL ISV,
tt .

oL L0 B 5561 Lo EOULIPRY oo Bl bes 510 RORS 11
expl ai &gt juligaash MeRlctibo. P1OGUGHR Al SfOR0ELAKT. BkaGAALe Potenti al

di fference " between the first nmetal film 111l and the second nmetal film 112.

When acid 26 wedeBnlt xSl asapafafiie ekPhmbeats eective. t N0 Hbfetiveet al
film11l is nore affected by corrosion by contact between two netals. In
t he SAWisfitinmtbafiongtile SAWeddvites éfBmbademenes tagidad.] OVhé SYWAV dbldeddet ween
{_Lhe first metal film 111 and the second netal film 112 devel oped by

t heroral ofli Emlsidimenit 6hd&aveothe 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 111 is more
affected by cdrrosion by contact between two metals. In the SAW device of
Embodiment 6, the intermediate alloy layer 114 between the first metal film
111 and the second metal film 112 developed by thermal diffusion of Ej_the two |
metals prevents the discontinuous electrode potential diﬂ'efence fr(;m being
.25_ : préduced, hence ;:ohtribliting to attenuation of the cof_rosion by contact
between two metals.
The seéond_metal film 112 of Embodiment 6 is made of, but not limited
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metal s prevents the discontinuous el ectrode potential difference from being
25 produced, hence contributing to attenuation of the corrosion by contact
bet ween -pEx/IROZDE498The second netal film 112 of Enbodiment 6 is made of
but not limted 22 Decenber 2006 PCT/4P02/00498 19 to, titanium The film
112 may be made of any netal selected fromZr, No, Ta, W V, and Mh with
equal effect. The heating process of Enbodinent 6 is carried out after the

i th s SRy The IR T2 i S thndh of i e @h celustath bom P Dbi1o
process 18r PheEbBE St e il offeeti n°L Lo T ai et case. ihe heating
dovt ot v om AR BBl pRRBEE B pRcliRek & R arteS oG A apl's, >
or ocooq bR EE i forbed T Roby BB B cedd nbiy” b8 AR PR, e
ai 11 0f oneaeabpabtfalid HoCAd ian of SHTRHGal Befil By 8820 TR B oo mont
ol csont PouanBIASITOVTHE SlabcE M e e oA il e PR Bfead o ' 7°

pr e . . , ' 1 and
i ke Comf]@ifl%oﬁﬁ;ﬁgciﬁno I%dﬂ@’laktéi'fba@lé,”ﬁ{@iléaﬁ tha gr&%\;gg?ng%g?ﬁ@;

will be explained in no nore detail. 20 The SAWdevice o t 71is

di f f er enfaggeadirbiO 150 RE1E0OPC. EMHS AR Hrede R tie SAW de¥ide! RPmOfedihed
interdigital transducer (IDT) electrodes 11. The IDT electrodes 11 of

nbodi meid ifs heltaractdiistivs! dyer to sélevtriciridtersityhibdakBhal TR ld@rRf a 10nm
hi ckness contai ning at | east -
10 intensity breakage is preferably eliminated 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 surfa_ce 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

f:opper. The second metal film 112 provided on the first metal film 111 of a
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one netal selected fromTi, Zr, No, Ta, W V, and M is provided on the 25
pi ezoel-ectric substrate 10. The first netal film 111 of a 340nmt hi ckness

is made pdvabosvopuas al | oy containing 99 wt. % of alum numand 1 wt. % of

copper. The second netal film 112 pr 0\:? ded on the first nmetal film 111l of a
22 Decenber 2006 PCTIJP02/ 00498 20 nm t hi cj ness contains at |east one
netal selected fromTi, _Zr, Nbo, Ta, W V, and Mi. A nethod of fabricating
t he SAW devi ce, of. Enbodinent 7 will be explained, 5 The third netal film
113; t i QEtRnSIAL leaRkons mesal spacted rom T, Z b Tar W, dbposi  ed
in this or%lleﬂ;q al nost entirely on the piezoelectric substrate 10 by
sputteriﬁé‘. n, aresist pattern is provided on the second netal film

112 b hotol, th hy.. Then.. th tal fi 112, the fjrst netal
i maah, and oRECR o TBraRtng o SAG, doTieneh BHbefiniony demilh,ba 10
reactive %ﬁﬁﬂdﬁé&hi ng (RIE). As the resist pattern has been renoved by

ashi ng w® oxygen plasma, the IDT electrode 11, a reflector electrode 12,

d d el b Fig. 7.0 i ng st
are i donti cal HOARRS b @B e Rt WO WibalH i, ofd ABO GBS BitRL
he SAW [ ' . ' ' | e havi | DT
el cot oaomty 172 Bo BERBLLERL fhin GiaeB WIEOP RN "ol AP RE ARG T w06

f . | . Ope! t
Erbod monr D G LR uEng  PRERSHEERIECPEREn SEbrd Rt ol (B (Bl Oy s
SAW 11 L 8ieah@linnd12 byePhIolith6BANERCY Thond4Re Sbiind MctaVikd 185, BiRving (s

insertion | oss increasing by 20 B or nore after forty hours was judged
f’s a def fiest metallfdoh Uni {snd thie tiERE dtAD EIMETED £2620cREd in MRisHriesbyla al |

he conparati ve exanpl es are defective. No defective
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 shpwn 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 Er_ﬁbodiments 1and 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
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I's found anong the SAW devi ces of both Enbodi nents 1 and 7. The SAW
devi ces of Enbodi nent 7 have their insertion | oss changed | ess than those
of 25 Enbpgripob/iobioend have nore inproved noisture resistance. They were
subj ected to 1000 hours of a high-te rature, high-noisture test under a
tenperature of 85C and a noisture of o This test proves that the SAW 22

Decenber 2006 PCT/JP02/.00498 21 devices of Enbodiment 7 are inproved in
pdes 11 were visually inspected with

;hgcglr)li-f v re@rszif{ %ﬁgﬁ%ér%i@gg};m%&g%‘im shmaisfare gpaistances| ect r odes of
Sides of the The DT eIRerodd I pigrd ristuallinindResiedorithpasanarne clectrpms vi ||
AR TR TR AR PR i 10
L ok e LB e SR B BB
Found?c naiy SL7 Plard eHEECOARLASECRY 127, 1" S devi co of thi s enbod ment

I's oriented @@g%ﬂ%ﬂ%gx@gjﬂgﬁm Mgrle?%eﬁzg'ﬁ. first metal film 111l of the SAW
men IS po ,

devi ce of Enbodi crystallrnée having random. crystalline

ori entati ons.pHe tHHAt mletal EP? iis gga gﬁgﬁlkh'ﬂéftﬁ%gﬁ’gﬁrﬁe%m&% ice of

‘Enbodinment 1 1s polycrystalline, an I ona ent, 'such as

copper, ifaffARal ah8er fAfe Arsth¥sllahl b €1 PahbEVe8 it 85 sEAPHNe t5BBRET
t to I Ty

coll aborates with al um numof the" naln i1 ngredi en oca orma

al vani ¢ TRl drysdlihb eriebfatbe phifidemrilif thd frxReeR%1hP 1116t A8 %%Wf fect,

liuminum which is electrically nore basic than 20 copper, may _
corr agleddevive SARmbydiatets Frdadli Ieidre’ ekamlinete oyt ba Kbidy diEttidd | m 113

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. o
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
(Mt ~ 1is 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
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beneath the first netal film 111, thus having the enhanced crystalline

orientation in the first nmetal film111l. This can suppress the corrosion of
a crystapcTorop@oLsg! e due to local cell effect, hence al | owi ng th_e SAW
device to 25 have a higher noisture rgsistance.. The third netal film 113
of Enbodinment 7 is, but not limted to, conposed of a single |ayer. The
film113 may be conposed of two or nore 22 Decenber 2006 - PCT/JP02/ 00498 .22

Vi : ' | film113 d
ot el "t 1 I R SIS ey Kok Ramile: a thisd mokek B (W1B/on amocond i por |
' . ' d h t f th
o eovel cdbfiar g 3120 R 675, MR BER. LS ottt éwe%a?gﬁ%é%éﬁg‘mf mgtaki g g
' ' L vy f ' t of a surface,
hoouct s o TRECHIS) DRl Uhk | lBbcad Be buct Rl drtinen! B thenpiczpaletic

I nventio ' are ted by Iike nunerals as those shown 10
in Fig. %ug%gggfﬁ?qﬁgﬂgggﬁggk%%ﬂgﬂhno nore detail. The SAW devi ce of
Enbodinment 8 is differentiated fromthat of Enbodiment 7 by that an _
interdigital transducer (IDT) electrode 11 provided on the piezoelectric

substr at ' an alloy layer 115 between a first netal film11ll
and a th?lri%ﬁ)r?'g?g}eﬂgigfm 113 and another alloy |layer 114 15 between the first

metal film 1¥gages hARrISFRATCIRE Boctiodlvidd of B\ErbANS park b SRS

respective main materials of the filns _ ayer-
cont ai NS ab@SREs ke TEAW)TdePidehseopllidd 8o f BiiFodithdngng cffln?he Higsdide St
metal film11l1l of 320nm thickness is nmade of alumnumalloy { containing
9wt . % afveaition. nubikenebrdpstebs QfreC@Ed bYEkE SRS ATB 0S| thodd shbkm 112 and
he third metal film 113 are nade of titaniumof 10nmt hi ck. '
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 interdig:ital 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
léyer 113 contains respective main materials of the films 111 and 112.

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

D containing 99 wt.% of aluminum aﬁd 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 118 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
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The alloy material of the alloy layers 114 and 115 contains al um num and

titanium A nmethod of fabricating the SAWdevice of Enbodinent 8 will be
expl ai ne@CRpddreoidg rd netal film 113 made of titanium the f! rst netal
film11l nmade of aluminumor titaniumgg and the second netal film 112 made -
of titaniumare disposed in this order on the piezoelectric substrate 10
by 22 Decenber 2006 PCT/JP02/00498 23 sputtering. Then, a resist pattern
is provided,on.the second netal film 112 by photolit hography. Then, the
second mEPUFFINEn 112, the first netal film111, and the third nmetal film

rosi ot patter %ggg Erls%w rrgﬁﬁwﬁ hibyp a;ﬁ%g# h Ef?tﬁh ”Mp@%%;%ﬁ fBT .

electrod 1}@ }%ﬁt(}@f‘ roe %2 ﬁﬁiclfﬁj;]?l{ez

as shovvn | @89?’? ng o Hl4 §he

i ??Léidﬁﬁﬁl Rﬁ%fﬂﬁﬂ&%&%%%%%ﬁ?ﬁ@ rﬁsdal%sg%rﬁa%’ti‘vé‘#’q”ﬁfﬁ&n% %ﬁS;t’hme

e thir

ot Al 1§ PPy ASRE rEg, RESRTRR bl HeliFed iy ading Juf @omﬁ% ng both
r a

Cemper at braos] tﬂh‘f?%"%‘%‘eé%*%e“fﬁtd f@%e&?@%@%&fbée 12 éé@% 544 FERREA N

steps argrd fipidd; Als shbwvd th Fi93e for Errbodl ment 7 The SAW devi ces of

Enbodi ment 8, the SAW devi ces of Enbodiments 6 and 7, and conparative
exanpl es havihg ptezobldbtt eaibstdrs 10 GoRShh fgk IDT %lédé%ﬂe% h@ygle Of

al um num al | oy doped with 1 wt.% of copper were subjecte a pressure
{@:oker t pattef R s HettdAtulpyforchdvibgdhiiBiinuln MY €itanium diffuse and for
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 ﬁim 113. This
provides the alloy layers 11%1 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 Embddiment 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 wc;;i'e 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
256  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
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20 specifically, the SAWdevices were |left under a pressure of 2.03x| G6Pa

and at a noisture of 100% for fourth hours, and were nmeasured in their

i nserti oPCTHIBE2/00498 SAW devi ces were provided as SAWfilters having a
center frequency of 942.5MHz, simlaehy to Enbodi nent 1. A SAWfilter
having its insertion |oss increasing by 0.3dB or nore after forty hours
was judged as a 25 def ective 100 units for each type were exam ned. As a

among. | nindAy oGP SRS Bvicka oA BRhETatint S Bovn esiBonsereinncions shangtdmnor

nser F%%o%é’ = HHE o o BRind sty ¥ B PR Pt kPR Ok have

nore i rrpdé)s |sture resi stance. The IDT el ectrodes 11 were visually
I nspect ed usI ng a scan-type 5 electron microscope. It is then found that -

e o PSSR PC R A YT L o

hi gher degree of the corrosion on e’si

fil msl1lleprad@nRiGlokcde. a'w% Theh foTl ﬁ'f'evlﬁT berBRed L FRAL Sapnas no

sign of the corrosionand is |rrprove ure resistance.” 10 In

the foregoiipgs erMiRehdBfHents td"ﬁn@%ﬂluﬁﬂ?ﬁthléﬁ?f ae%ﬂe%ﬂ theb F{)%gnebtn its

periphery with the resin coating 21 an osc on space to

be cl earidirhiiumBdtithe difdes s Sedtraead filk 145 m\ﬁm féﬂah&nxﬁmﬁ esin

cover 27 may be added over the piezoelectric substrate 10 to protect the

upper spBhe SAW alevive bDEgbedimesess Hasvnbhsigaual theCEAT8siohl agd &sin 15
material is used for formng the space to enclose the SAWelenent 14 or is

xposed imptdvedandheshoteparsistihee.concentrati on of chlorine ion neasured
)y the PCT is preferably not higher than 50ppm If the resin material is
dopd® with Inthé feegoingembedimeaas thgSAW plemmitts] 4vattéghtly eovéded aaut si de
of the S1/1?2/\£)er1phery 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 witﬁ equal success. If a resin
15 material is used for forming the space to enclose the SAW element 14 61* 18
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 fillex, the resin coating 21 permits water from the outside of the SAW
(A 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 watei' to reach

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

25  of the SAW device.

Industrial Applicability
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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 resiPCTARO2/00498. Accordingly, as conpared with no-filler doped resin
mat eri al which has the sane concentratgson of the chloride or bronide ion,
the resin material doped with filler pernits |ess anounts of water to reach
the I DT el ectrodes 11, hence contributing to the higher npisture resistance

25 of the S v ndustrial Ap icabiJi.ty 22 Decenber 2006

PCT/ JP02/ 004\9/'@9 SS‘&% WG 46A che ﬁHPB%V%%PO%ﬂSPe erdeEtstaRces c¥PR ance,
upon in ecificr naterjal ordi ng
to the B#lé’@en e B ST ROl W dE0r ceatom dpafiiud) Srtoilingots the
electrod / R Al A surface
acoustic mgve ( ngagééggggﬁggp Féi%%ég@éﬁggéggﬁéﬁ??ggegﬁB@?rate an
interdigital transducer (IDT) electrode on a first surface of said 5 -

pi ezoel ectric substrate; and a resin coating for covering said |IDT

el ectrode, wherein, after a piece of resin material of said resin coating
is dipped in an anobunt of pure :water as solvent 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 according to claim1, wherein, after a piece of
resin
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material of said resin coating is dipped in an anpunt of pure water as
solvent 15 having a mass as 10 tinmes great as said piece of resin material
at 120C upgruoPra2mbegs pressure for twenty hours, a concentration of brom ne
ifonin said solvent is not higher th%% 150ppm 3. A SAWdevi.ce according to
claim1, wherein said resin coating ~covers a second surface and a side
of said piezoelectric substrate. 4. A SAWdevice according to claim1,

further conprising a resin cover said resin material for covering
over a periphery and said IDT el egaﬂgagflfs? 5. 22\ SQW ggw cgoggcor ding to
udes: Decenber

(Iglcfil'll \r]nP(%,Z‘/ \ggéelr ! %%%iﬁpﬁder%&%}sﬁgg@%gceﬁwﬁﬂﬂ%Pﬁﬁpﬁwgin sai d pi ezoel ectric
WV and vh over PREAetBEBUpERRIE 5 67 A Saw devi ce according to ol aim
Co olaim 5, “wher ch G RAER R G RR T Thelegt P o Tt oPan | ayer
Cespent | Pibtbeludil ABGBSE L PO, B econd Layers. 8- A SAW devi ce

according to cl ai ; el i ificl udes: 15 a first
| ayer contai ni ng d;}tfésfnel\gsatah%ﬁe%g@%ﬁ%ﬁgd@i‘%ﬁgtwf%, and \h on said
pi ezoel ectric subghéRlif; after a piece of resin material of said resin coating is

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

(j 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 cbmprising 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;
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a second | ayer containing alum numover said first layer; and a third | ayer

cont ai ni ng at least one of Ti, Zr, Nb, Ta, W V, and Mh over said second

| ayer. vi ce accor di ng to claim8, wherein said third |ayer
cont ai ns (?wr%ﬁR%M% A SAW devi ce a rding to claim8, wherein said IDT
el ectrode 25 further includes: a fourth | ayer between said first and
second | ayers, said fourth ‘layer containing respective conponents of said
first and second | gyers; and 22 Decenber 2006 PCI/JP02/00498 28 a fifth

| ayer between sai afééﬁmrmtmma glapdnum enisdid pfezheleatric subsimate; ni ng
respective conponents of said second and third | ayers. 11. A SAWdevice
accor di ng‘fj“'{dg claim1, wherein said resin material 5 contains filler. 12. A

met hod of manufacturin surface, acous i cC wave devi ce, corrprl si ng
“the steps of for n’l‘ﬁﬁc%%f AL Captnang g ﬂ%ﬁu@@roém , Ohe fa, MeVornd 10
pi ezoel e(i\}II’I c sub(“i and covering over the IDT electrode with a resin
mat eri al MPEPESH @Y’é pi ece of resin material of the resin coating is
~dipped in an amount of pure water as solvent having a nmass as 10 tines
great”as the piece of resin material at 120C under 2 atom pressure for

twenty hours,, a to on of .. 15 chl.orin in the,sol ve IS not

hi gher than %ppjﬁf@%@ﬁ d&%t REPTIIG b ¢ g oo % g}qﬁ”ﬁ sayg, seeond IQY?%r a

pi ece of .resiin F@ﬁﬁéﬁ of the resin coating: s dipped in an amount of
ven

pure water as so 1 having a mass as 10 tines great as the piece of
resin material at 120C -under

( 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 T, Zr, Nb, Ta, W, V, and Mn
on said piezoelectric substrate;
a second layer containing alumainum over said first layer; and

a third layer containing at least one of Ti, Zr, Nb, Ta, W, V, and Mn

Vi
I

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

sol vent is not higher than 150ppm 14. A nethod according to claim 12,
wher ei n spetJpbgposds forming the |DT el ectrode conprises.the sub-steps of
25 forming a first layer containing alggm numon the piezoelectric -
substrate; and formng a second | ayer containing at |east one of Ti, Zr,

Nb, Ta, W 22 Decenber 2006 PCT/JP02/ 00498 29 V, and M over the first

| ayer. 15. A netho ordln to claim 14, wherein said step of form ng the
| DT el ectrodes fu? ?@?ntﬁ?éa%‘l??’@f% hu}ﬁie@bfﬁﬁ‘gﬂﬂwi Iayeynd

d 51 rrethod ac C erensadsb-ste
zfcﬁgatl g %%/Wéngf?%%ecﬁxa CQB’CHﬂP&ni %19 ?%‘ iﬁ?&?’&‘é Et&\éﬂ% -%’Etlap ofI hea’tji ng P

the first and second |layers at a tenperature ranging from 150 to 500C. 10
17. A method according to claim 12, wherein said step of formng the |1DT

el ectrode co r| f formn | rst er cont ai ni ng at

| east one of %%A‘ﬁl d&#? %\?\?&@1 g fh Flim gln‘?h‘éreﬁpe?& ITEEYY} MMAteligst r at e
15 fogm gy ﬂa.l rﬂlcm d layer containing alum numover the first layer; and
formng at ayer containing at |least one of Ti, Zr, No, Ta, W V, and

Mh over the second layer. 20 18. A nethod according to claim 17, wherein
said step of formng the |[|DT electrode further conprises the sub-step of

heating the figr stA meeREdSf ntdlhufabirify haNE e acoustic wave (SAW) device,
comprising 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 greai: 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 |

formin_g a second layer containing at least one of Ti, Zr, Nb, Ta, W,
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'19. A nethod accor di ng to claim 18, wherein said sub-step of heating

the first,
sle(gvp/gpgg/goqjgg hird layers at a tenperature of 150 to 500C. .

first,

b

C
10
15

C
20
25

second, and third layers includes the sub-step of heating

20

.V, and Mn over the first layer.

15. A method according to claim 14, wherein said step of forming the

t he

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

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.

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 Ty, Zr, Nb, Ta, W, V,

and Mn on the piezoelectric substrate;

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.

18. A method according to clraim 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

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.,




