»kl e3e*M6* JI'46T64<, PCT/ JP02/ 00032 1 DESCRI PTI ON SAW Devi ce and Producti on
Met hod therefor 5 TECHNI CAL FIELD The present invention relates to
surface aReUIPPEOYRB2Ze (SAW devices 10 used to wirel ess equi pment, such as
Wi rel ess communi cations equi pment, andla nethod of manufacturing the ’
devi ces. BACKGROUND ART A conventional surface acoustic wave (SAW device
featuring noi sture-resistance is disclosed in Japanese Patent Laid-

No. 2000 261283. Fig. 9 is an enlarged cross-sectional view of "mﬂllmmm " m“me
conventional SAW 15 device. The GRIPTEOMNcI udes pi ezoel ect

1 conposed of lithiumtantal ate single crystal, inter-digital transgueer
(IDT) electrode 2 conposed nmainly of alum numforned on the piezoelectric
substrate, insulating ective 3 conposed of Si02 and the |like for
covering a surface of %5’@ 1%@?113%3%&191& thodthergpre| ect r ode m “‘ ““Nl“
wat er-repel l ent 20 protective |ayer 4 conposed of water-repellent \mu \m\ w “
such as hexanet hyl disilane and the |ike covering insulating protecti Yo

| ayer 3. A nethod of manufactr ice wll be described. First,
| DT elPectrodes 2 are forned on%@gpﬁw&mbstrate 1 by

phot ol it hogra tter paratus for i nsukg ' fotective
| ayer of Si Ongﬁ% p%@éﬁ%eﬂvzggo&{e:l%%sgg f%:ge%cogsg‘éi%%‘fq AM%@%@épel | ent
protectiv I i nsul atin

b ot ect | vy witerRs REKEHRERY sflF ey Wiicl o2t ERiY Selingdrt s ang
vat er-repﬁms%wﬁ%&ﬁ%&%@&mm&&g've | ayer 4 of the conventional
SAW devi ces cover surfaces of piezoelectric substrate 1 between fingers of
| DT el ectrode 2. The insulating protective |ayer 3 and water-repellent
protective |ayer 4 between the fingers attenuate surface acoustic waves
propagat ed between | DT el ectr oBa(KGROTYND QARPI ezoel ectric substrate 1,

t hough providing the SAWdevice with noi sture-resistance. Consequent I y, the
SAW devi ce, uphncbrvagiosdd aafacef | dovistichagadtet (SAW) atdeRitee! RatHHAR!

property due to, for exanple, increase of its insertion loss. 1o S RY OF
THE | NVENRibiStu¥e-sesitanee arsodidclasedaire Japanksel evateat hbByid@panhNgRoo-st ur e
261283.

Fig. 9 is an enlarged cross-sectional view of the conventional SAW
15 device. The SAW device includes piezoelectric substrate 1 composed of
lithium tantalate single crystal, inter-digital transducer (IDT) electrode 2
composed mainly of aluminum formed on the piezoelectric substrate,
insulating protective layer 3 composed of SiO, and the like for covering a
surface of piezoelectric substrate 1 and IDT electrode 2, and water-repellent
20  protective layer 4 composed of water-repellent material, such as hexamethyl
disilane and the like covering insulating protective layer 3.
A method of manufactrung the SAW device will be described. First,
IDT electrodes 2 are formed on piezoelectric substrate 1 by photolithography.
Next, a spattering apparatus forms insulating protective layer of S10, and
25  the like on IDT electrodes 2. Finally, water-repellent protective layer 4 of
hexamethyl disilane is applied on insulating protective layer 3.

As shown in Fig. 9, insulating protective layer 3 and water-repellent



resistance and electrical property prevented fromdeterioration. The SAW

devi ce inc jezoelectric substrate, an el ectrode containing alum num
on the pi é@@ﬁggﬁp&:ﬁsubst rate, and an&ll um num phosphate | ayer applied 15

only on the el ectrode. BRI EF DESCRI PTI OF THE DRAWNGS Fig. 1 is an

enl arged cross-sectional view of an essential portion of a surface acoustic
wave (SAW el enent according to exenplary enbodinent 1 20 of the present

i nvention. Fi | an,view of a SAWG|§TZ} nt, accordi ng to exenpl.ar

oot momirtatsige digpr P4 20f e coRyen LAl deviceR sCavBE; PRHAreR, % of a
s aot urpRaSaerilat Gt IROShIRIS S inBR LIIT eletiodt 4 ng L4,
bey 1po2) o8t Ibe bl AT rBhel BB b TSR Wt TR i o baw
o Lo Ean APRURE. Blisife SUATRE waked pribdda @R IR TD L LR B RE ARG VI OV
o {1 o S RIABEERAE! s@bstilerl ol otk SbilvIgied (HI° T Movice Ty 5.\ 0
o on o (Eldisthrorlistahde? (SheRRLERARIUN ONORAHLE Mo B sl dpgent ! &

PREFERRED £IYBEINMAFterioEsanR et XriEaPPRipTReY ddd %&;fgxi gﬁa. %)flé}rin@&'agé gefls

cross-sectional view of an essential portion o surface acoustic wave
(SAW el enpideriier¥6$y. Nng to exenplary enbodinent 1, Fig. 2 is a plan view of
the S AWelenent, and Fig. 3 is a cross-sectional view of a SAWdevice. The
SAW el enent shown in Figs. 1 through 3 includes piezoelectric

10 SUMMARY OF THE INVENTION
A surface acoustic wave (SAW) device having a high moisture-
resistance and electrical property prevented from deterioration. The SAW
device includes a piezoelectric substrate, an electrode containing aluminum
on the piezoelectric substrate, and an aluminum phosphate layer applied

15 only on the electrode.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is an enlarged cross-sectional view of an essential portion of a
surface acoustic wave (SAW) element according to exemplary embodiment 1
20  of the present invention.
Fig. 2 is a plan view of a SAW element according to exemplary
embodiments 1 and 2 of the invention.
Fig. 3 is a cross-sectional view of a SAW device according to
embodiments 1 and 2.
25 Fig. 4 is a diagram of a manufacturing process of a SAW device
according to embodiments 1 and 2.

Fig. 5 is a variation for a time of a center frequency in a moisture test



.substrate 10 conposed of lithiumtantal ate single crystal or lithium

ni obat e %ﬁjﬁgj/ Og?yst al, inter-digital transducer (IDT) electrode 11
formed on piezoelectric substrate 10, @l um num phosphate | ayer 1la covering
a surface of IDT electrode 11, reflector electrodes 12 at both sides of IDT
el ectrode 11 on piezoelectric substrate 10, and connection el ectrode 13
formed on piezoelectric substrate 10 for being electrically-connected to

| DT el eC%g%?aﬁldeﬁéesTafco%W#ggt)tvgeglg)ogrtggpgﬁeﬂg%&agﬁd 1oshor RetRMP4ating

SAW el enen external con provi ded on package 15,
wre 17 f ?})I;‘ﬂ% t nnection electrode 13 to external connection

el ectrodecg . aﬁﬁ‘% éx%%‘lu?l%POZI 00032 4 lid 1% to close an openi ng of package
15. I DT el ect rpdeglid an' keI dEro8-86LHALA Vidw FHISAWAEGIcE UecsiBAE tede 13
are made of netal nmainly cohposed of alum num A nethod of manufacturing

t he SAW dg¥h&Binydit 2.described with 5 reference to drawings. Fig. 4 is a

di agram of a manufacturing process of the SAWdevice according to
enbodigment 1. gl st .isPd WidkrdiRTofheatdmasturlng rfobest of £ISPOWr ddeige 12, and
connection el ectrodes 13 nade of netal mainly conposed of alum num are
formed oradebpdiagtbapebbdinsemed.ectric substrate 10 by photolithography (step
31). 10 Then, piezoelectric substrate 10 is soaked in 0.5 to 60% anmmoni um
phosphat e sol UFigo® &f a mdhdnmtadicSvieer ofiapr aaedecoxidieadtidn peodess aff BSAW The
ammoni um phosphate solution is adopted because of its controllablity in pH,
however, dewicsatardong tohembpdisgente?. al um num phosphate in reaction wth
alum num may be al ternative. Concentration of not nore than 0.5% 15

sol ution for neFigapeis ansenlangedoress-pectianal dpwcafraniessantéal portion obanum

di ssolves easily in _concentration of not |ess than 60% sol ution.

Pi ezl econventigpal Sétv%el‘%}n?%t-pr ef erably soaked not nore than 30 minutes. A
shorter tinme, approx. 1 second, is permssible, but a tinme |onger than 30
mnutes is. not preferable because the el ectrode material, alum num

wtor and aiTGOALEED BESCERTIEN Gk FRERERRE P MO TS et o
water (1) otemniprpagmbagitent B P10 R harter to blow the water is
ol enont 14 on” &gl A EAMRIEN GPSTREH AR Telof AF SRl difHbn oY
char agf er L gih & aflticSwa Pl (SAW) RIIREAVERIdriind o SXMPIr) dthBodifaent 1,

Fig. 2 is a plan view of the SAW element, and Fig. 3 is a cross-sectional view

of a SAW device.

The SAW element shown in Figs. 1 through 3 includes piezoelectric

substrate 10 composed of lithium tantalate single crystal or lithium niobate

20 single crystal, inter-digital transducer (IDT) electrode 11 formed on
piezoelectric substrate 10, aluminum phosphate layer 11a covering a surface

of IDT electrode 11, reflector electrodes 12 at both sides of IDT electrode 11

on piezoelectric substrate 10, and connection electrode 13 formed on
piezoelectric substrate 10 for being electrically-connected to IDT electrode 11.

25 The SAW device includes package 15 for accommodating SAW element 14,
external connection electrode 16 provided on package 15, wire 17 for

connecting connection electrode 13 to external connection electrode 16, and



-PCT/JPG2/ 00032 5 piezoel ectric substrate 10 is divided by dicing into each
SAW el ene I ding IDT electrode 11, reflector electrodes 12 forned
on both Sﬁé’g/éégfyg(ﬂ# el ectrode 11, and, connection el ectrode 13

el ectrically-connected to |IDT el ectrode 11 (step 34). As shown in Fig. 1, a
surface of IDT electrode 11 of 5 SAWelenent 14 is covered with thin

al um num phosphate | ayer 1la. Surfaces of reflector electrode 12 and

ti I 13 d with i { I
ST al o b b SltRratn PiyEREoE Pabkads i I, SRR g, Reffecior Fo
| DT el ectrode 11 | nost.. identical .8l ectrijecal Ik d
biter theolageane s 159 R ARhO R 15 s thafl ps MlBROERAE AMBEEATE |
(step 3_5).fo€|’1- Lglgnnecti on el ectrode 13 of SAW el enent 14_ and ext ernal
connect i ofit &R Wde 16 on package 15 are connected with wire 17 (step 36).

Then, 1id 18 Pkoél?e;th@@ W%Maggu&\?ﬁggﬂ%‘f S]z@&’(ﬁte@fbe?’@i}]l AR HeE , withW

device shown in I'S provi operties of the SAWdevice

accor df ng{éfgréﬁﬂestoedg?%g%gﬁmﬁé‘. lig Q%Q%i&%%aﬁh&ctﬁrm%c\éé’é befHeons of

a center frequency of 't he SAW ce according to enbodi nent 1 and

a SAW devisogy iyidat Bordhy T BHBoagsAbat e | ayer on the IDT el ectrode (a
conparative exanple} after a certain 20 tinme under an atnosphere of

2. 03x105Pa and FifQ% hital WDTIelédsddcs AW, defleeor @bsdtidds B dnd>édithédtioer
havi ng a center frequency of 2.14GH#z. As shown in Fig. 5, the center

frequency efdetFodesA)3 widecsf RitalppraoinlyresdpysedBof altmintive acefornad tamre in
t he SAW devi ce having no al um num phosphate | ayer (curve A). The center

f r equency platersteapdll piezdedect#i6 sopstmaty 1005y phototitbdgrapUy(stay 32D hours in
the SAW devi ce according to enbodi nent 1 having hi gh noisture-resistance.
The SAW devi ce Theno piézogldactrie subdinabe 101 ishscakeduin %L.ﬁntgrﬁﬁl%rmmomum

PCT/ JP02/ 00032 6 | ayer 11a only on the surface of |IDT electrode 11, This
prevents Woﬁnh@t%.&iuﬁpnCOfV\BHeg tprp dor agprrdeserminedotimg (&eRaBPbon, IRthd
reduces insertion |oss of the device nore than conventi onalk AW devj.ces
havi ng pr eremeniwn phpsphata sdutianads adeptadebesauge of atsromdeqtiaRhy Bk Hate. 5
Mor eover, the noisture-resistant al um nlllm phosphﬁte Iagjée.r lla is fornmed
only on t hOwaYERa2RY 6plutiop Ehf’etcﬁ‘fogd’@e%f‘ prinpay PRgSRhale 4O BRAGHR Bt r at e

10 having |.DT electrode 11 into. the ni um phosphat e sol uti.on. i
const r uct iBRAMERET:IRAY | ber alferpatiyge 1 0%%%5%@%“0 A% T i *}r‘% 0135

f Fim B SRR f5F isE{]a&@?:r I BT, bualAHeat ERiTahs SIS, e
boundary. SRt v cRerRertPh MapER AR AROPARInE, FERSRIPEPoT,
11a. Th ' ' ' ; ' hssol
DR R b e s T e

of the el egiygdes s%@&hcﬁ"i%n;%b‘?ﬁni%ibid,U(thuélttg?ﬁe%ﬁgé‘ﬂ@héﬂVB(phﬁB%'téé/ i9hot he
surface acaoustic waves on the piezoelectric subStrate. Additionally, since

the al um uErMAIOARuEASHR ERELRIIRNGRa RS talugfRuGaldidl¥dmtinOkhen
i nsul ator,” the el ectrodes has their increased resistances, and thus causing

| ar gergopr afpdeiaén on | oss of the waves.

The piezoelectric substrate is washed in water and dried after being
taken out of the solution (step 33). A wafer for example, may be rinsed with
pure water and is then rotated to blow the water (rinse-drying). Here,
rotating the wafer to blow the water is effective to prevent the wafer from

25  spots on the wafer.
Then, SAW element 14 on piezoelectric substrate is measured in

frequency characteristics and is sorted. Subsequently, as shown in Fig. 2,



20 Si'nce al uni num phosphate |l ayer 1la is formed to have its thickness to
meke | DT gl@gipossosd to have alnost identical electrical properties before
and after ‘%ﬁfayer I's fornmed, a SAWfidter having desired el ectrical
properties is provided. A thlckness of the layer, not being neasured
correctly due to out of precision |imt of ordinary neasurenent equi pnent,
is 25 order of Olnm Therefore, the alum num phosphate | ayer does not

affect a tﬁﬁ%eléﬁkﬁk&%rﬁe i@-lised&fderdjgﬁ cmem%%ﬁt!o”@aélprsma&'eﬁgent 14
pi ezoel ectric substrate 10 in the solution controls the thickness of the

al um num ;R PADP QU2 rodeP D SRITRICEor 8Metrodésead fireied Snflthesidesrofa
short period of Tinme, and after that, the thickness saturates. Shortest

tine for sgypRielébtRsday1tesnd Renhédtéon Mefcbro%llé BpRlastioaEllgleyntestedad IDT
t hi ckness. The ammoni um phosphate solution of pH 3 to 5 suppresses that 5

al um num d1BétRod® TRABERY 340t Ad showh ihMigelieat undeceldf IDEfdlettiode all aft r ode
12, and connection el ectrode 13, dissolves easily init, and thus prevents
the praper$AWs eddmehe BAMsdenviered fwith dhirerdlandhuen. pHisphakeitliagor rble of

al um num depends on pH val ue, and al um num hardly dissolves in pH3 to 5
sol ution. SGrfatescoplrefiyctEriedettradet 12)akd gonfectiom epdcirods aufe eowreflace
acoustic wave (SAW el ement accordi ng to exenplary enbodinent 2. Fig. 3 is
an enl ar gewitdy sbynysuni phesphatedaysr ila assweall| aIAlpmlmlmn phpsahWamn ce.
Fig. 6 is an enl arged cross 15 sectional view of an essentjal portion of
the SAW el bieds forsped itarhavengi tjmlanS@ntOemlaﬂlETd@bévrpéedﬂi RAFARIEORENt 1
are denoted by, the sane referenc umeraé g;he descri pél ons t her eof
are oni t t elenfigai ﬁ@c'frll%ﬂ} FB'OP%tEﬁﬁ Pr?epﬁ’é Shea9¥eT WHTWEGer s over

¥ Sﬂéﬁféne?x'( f'%#ﬁ oSG ZERent 34 B Faotintad SPresdineats (ool 7D d'é%'nt 3
2 G agr am SISECHAR SO b ﬁ&é&&%n@?& R iﬁ%@n‘i}%éoﬁﬁé ionfhemed o '
the SAW del 08 p%kﬁﬁﬁﬁa%feﬁme{%%éep‘%me N PACOE e L TR %.eisz‘éf
ot o0 T LG g BT BRSNS B 1
descripti oalsovtl@g&_eof are onmtted.
15 Properties of the SAW device according to this embodiment will be
described.

Fig. 5 shows variations of a center frequency of each of the SAW device
according to embodiment 1 and a SAW device having no aluminum
phosphate layer on the IDT electrode (a comparative example) after a certain

20 time under an atmosphere of 2.03x10°Pa and 100% humidity. Each SAW
device operates as a SAW filter having a center frequency of 2.14GHz.

As shown in Fig. 5, the center frequency (curve A) varies by
approximately 18% after the certain time in the SAW device having no
aluminum phosphate layer (curve A). The center frequency (curve B) varies

25 by only approximately 5% after 40 hours in the SAW device according to
embodiment 1 having high moisture-resistance.

The SAW device according to embodiment 1 has aluminum phosphate



PCT/ JP02/ 00032 8 First, sinmilarly to embodiment |, plural |DT el ectrodes
11, refl eg@iy ﬁﬂﬁﬁab% des 12, and connection el ectrodes 13 nmade of netal
mai nl'y conposed of alum numare formed gn pl ate-shaped pi ezoel ectric
substrate 10 by photolithography (step 61). 5 Then, as shown in Fig. 8,
pi ezoel ectric substrate 10 is soaked in electrolytic solution 71 together
with el ectrode 72 nade of, for exanple, stainless steel. Power supply 73

appl i es aobf qsgtégg the! Siti@dsr BTa8lR AN Al g%&lts% 11 as

an anode. e vo ano lzes a surface o ectrode 11, which 1s thus

covered WddiyaAc N 4V8sTHTh@S AR daKes f@a&éﬁﬁatléﬁ) and REdNQd ARer@pRiégd for

anodi zi ng controls the thickness of the |ayer alum num oxide. For exanple,

a vol tage ¢ffthd d&ied¥ndrertian Sshvind ol B AW d@nbé’é’ﬁ”avﬁ{% frétectivn f1h¥ers
t hi ckness. An IDT el ectrode of any construction on a water can be tormed by

anodi zi ng dlo anblFEEe bba pRdideREtEie substrakect rode. 15 After being taken
out of electrolytic solution 71, piezoelectric substrate 10 is washed in

pure water and Marebvegdthé trapisbdje-rebigiant pilemoehes t phasphuabstiagee 114 iss
soaked in 0.5 to 60 % anmoni um phosphate solution of pH 3 to 5 for a

pr edet er mfoesheti orly( shethd4urfaapndof AT electvaizhad by svakéng apidzobleentioaf t er
bei ng taken out of the ammoni um phosphate solution (step 65). 20 An

anmmoni um mxdsptaxed(lsbawin'gd@'i‘ dlentrodellltinte bla¢ anfmemniod ipimesphate solutied.
Subsequent | as shown in the figu pi ezoel ectric substrate 10 is divided
by di cing T%nsocemthu@m @irevients ﬁaTh@lecfrrgdemi ebmposed of 1alumisiine cfrom

el ectrode 12 at both sides of I DT electrqde 11, and connectiaon el ectrode 13
el ect ri cal ¢hemeisaHzhameing ip @uwpmbyqlloxléﬁe@cts}"evezgs Abe Seeaviceri g

6, in SAWelement 14, I1CT electro e 11 is c%vered th alum num o icke | ayer
11b ard alfigm ﬁP{ﬁ%%tb%tlﬁ ¢ Sﬂ)‘é’f‘ca Rrogarthe aifraactmﬁ I W 3 cﬁo T

el enent 11, alum nu hosphate |.ayer /JP02/ 00032 9 covers al um num
oxi de | ayed uﬂ&?%&ﬁ‘ﬁﬁﬁ@@ Fing ala g By dEOTIRe B ORHCL EEATRIC CBaRbCt | on
a1 i num phGiye Sebyer e BisrdelHiiniR BoutEtte, ARt AR RAEPPaer | s
‘éfﬁmm?%a”%&@% eS8 rﬁ%%%ﬁéﬂv' P SRRy 'a%g%gonfa?%g"{her o
comnect | on AL aﬁESfZ*eescﬁf Sifer cadlly. 20N Bl TRRHs P%nw i flsoxide, 69).
Then, {4d 48,6 S%1Q&soﬁ%§‘%l&§tr kagq ax(g%tseBr %%Ké\/{%se%ﬁlaccor di ng

t he SAW devi ce shovvn In ure. Properties of the

to enbodi ”ﬁﬂi Widfl the gegaed bef‘déusﬁ'cgwa'ir&heﬂ’stﬁe Vﬁi@b@élleém@fsx?os‘ﬁﬁdlber

~equency O each SAW devi ce according to enbodi nent” 2 and a SAW devi ce
havi ng no AldffisheIly sinteahieRatmihanehyibxife habh wsidtanee althest eaichRi N
time in an at m)sphere of 2.03x105Pa and 100% humi dity. Each SAW devi ce
operates ato th&A¥Y hnl insuldtay] tige aleveiides Haedhe@nonctdasdd bsiftanéss, sshadwn i n
Fig. 5 the center ~equency (curve A) varies by ', approximtely 18% after
t he cert ai thud ceusing flingeSAdddegatien bassi cfgheow@@sal um num phosphat e | ayer.
This is because alumi num a nmain conponent naterial of |IDT el ectrode 11)
chem c20 |y chan§exetauatinmmphosphitedager 1bmis fomoredawdsave weithivkness LT

el ectrode 11 due to noisture around SAWel enent 14. The center frequency
(curve C) wakeeEDTeale¢tsodg flartododionpbmpst idantgaledertrical propeidinsdbeigre o
enbodi nment 2 In the SAWdevi ce, al um nu hgsphate | ayer 1la on 1DT

el ectrode aad B@Pﬁgt%t ayey éﬁefqr&ﬂ Br Wﬁt sligat bavingh Slegtgicalng

t hus prevents alum num fraom.che chang
P properties 1s prov1?i X] Chlckness o? the layer, not being measured

correctly due to out of precision limit of ordinary measurement equipment, is
25 order of 0.1nm. Therefore, the aluminum phosphate layer does not affect a
total thickness of IDT electrode 11. A time for soaking piezoelectric

substrate 10 in the solution controls the thickness of the aluminum



-PCT/"JP02/ 00032 10 Moreover, al umi num oxi de |ayer 11b formed between

al um numgphg G?;ﬁd@g&)\%%ayer 11a and IDT electrode 11 prevents water from

per neati on. devi ce having al uniznum oxi de | ayer 11b additionally has
a higher noisture-resistant properties than SAWdevi ce having only al um num
5 phosphate | ayer over the IDT electrode. The vol tage applied for anodi zing
controls the thickness of alum num oxide |ayer 11b, but a tine for applying

I nf | uenc Bﬁawugﬂ}esmﬁ% iy 1sﬂfovmferan[§}F %ﬁl?fta%%ébﬁ%?rm%er e;,ararm on | DT

el ectrod 171 ncreases e ‘wei ght I'ec ore, the

thi cknesshat, fld/PhidkieddsRAASREA SSh@¥est fikde for sQfaT:ﬁﬁ% Prbvides Thé quéxo a

m ni mum val ue effective to prevent DI electrode 11 from chem cal change.

In the enrprHid®Bpprotiftutely-aksioss thickpdbs of precision limt of ordinary
measur enent equi pnent, but supposedly is order of Olnm Additionally,

increase of |Dfhel sabtsitum PRphatdapthfiont 6£QIEE )Xo 15 hdiitesdst thavoward
| oner frequency. Therefore, the passing frequency band of I DT el ectrode 11

is pref erdainteh, Miagh o mipvinikens rh¥tdrialeofdDT eldetroaleUE, troflbctar ddsdtgsdd ar get
frequency to conpensate the frequency variation due to al um num phosphat e

| ayer 11al2,Hml toepotivayelectroddel3 rdissvddedyaslyf nr inlaadfthaswreventititee v i s
a sound velocity in piezoelectric substrate, and ~, is a 20 wavel ength

det er mi nguropgrides i ofgéhe SN dévichefdrdT détecioration. AcDirsdlution aratheof

enbodi nent s, the ammoni um phosphate solution is used as a phosphate

sol ution.a Anymaxmdueﬁends anipdA viakee,anhalyminphdranddy ﬁtﬁSOlV@SéndﬂiBIt? Sof pH 3
to 5, can form alum num phosphate |ayer 1la efficiently w thout damaging
the | DT ef0detipBde. 25 Al uni num phosphat e | ayer bei ng water-repellent fornmed
on the IDT el ectrode prevents water form perneation, and thus, prevents

al umi¥um from cheni cal change. Any material, other than al um num phosphate,

exhi bi s WRETERIEY SRBOREISRLRS Spoci 11 cal ly,  of her eBLoELﬁL?EL' capabl o of

forming a wat ef‘ r €9Cs el ent eP | O";lg%vt Io¥e | q}/r?erlcecaa@ogs iC wave (SAW) element
according to exemplary embodiment 2. Fig. 3 is an enlarged cross-sectional
view of an essenfial portion of a SAW device. Fig. 6 is an enlarged cross-

15 sectional view of an essential portion of the SAW element. Similar
configuration elements described in embodiment 1 are denoted by the same
reference numerals, and the descriptions thereof are omitted. In the figure,
aluminum phosphate layer 1la covers over aluminum oxide layer 11b
applied only on a surface of an inter-digital transducer (IDT) electrode for

20 »shielding the surface of the IDT electrode.

A method of manufacturing the SAW device is described. Fig. Tis a
diagram of a manufacturing process of the SAW device used according to
embodiment 2. Fig. 8 is a schematic view of an anode oxidization process of
the SAW device. A manufacturing apparatus is provided with electrolytic

25  solution 71, electrode 72 and power supply73. Similar elements described
In embodiment 1 are denoted by the same reference numerals, and the

descriptions thereof are omitted.



5 | NDUSTRI AL APPLI CABI LI TY A SAW devi ce according to the invention includes
an al um npgrrpfpespiase | ayer covering only over an IDT el ectrode. A um num
phosphate [ayer is not fornmed on surfages of piezoelectric substrate

bet ween fingers of the IDT electrode. The SAWdevice i s noi sture-resistant
and does not 10 deteriorate in electrical properties. PCT/ JP02/ 00032 12
CLAIMS 1. A surface acoustic wave (SAW device conprising: a piezoelectric

substrate; an @iggt %ﬁﬂﬂa?@nﬁ@bmmlﬂe%‘f‘%ﬂ&ﬂl §Bflde]%b%€€é 84t rkflector
substrate; 5 and an al um num phosphate |ayer covering only over said

el ect r odeeledtrold8 IAWHdNdhifecefonCélabiFodes 18IhAGE FGAPIE] ShATly #8mgJodsd NUM
oxi de | ayer over said electrode. 10 3. The SAWdevice of claim1, wherein

sai d el ecpf aamineim/des dormbBiesn dpBitt dhapednpibizeelectdiOTgulstaakr 00eby 4. The
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of IDT electrode 11, which is thus covered with an aluminum oxide layer

10 (step 62). The voltage applied for anodizing controls the thickness of the
layer aluminum oxide. For example, a voltage of 3 to 50V forms the
aluminum oxide layer of 4 to 70nm thickness. An IDT electrode of any
construction on a wafer can be formed by anodizing if a voltage is applied to
the electrode.

15 After being taken out of electrolytic solution 71, piezoelectric substrate
10 is washed in pure water and is dried (step 63). Then, piezoelectric
substrate 10 is soaked in 0.5 to 60 % ammonium phosphate solution of pH 3
to 5 for a predetermined time (step 64), and then, is washed in water and
‘dried after being taken out of the ammonium phosphate solution (step 65).

20 An ammonium phosphate solution identical to that of embodiment 1 is used.

Subsequently, as shown in the figure, piezoelectric substrate 10 is
divided by dicing into each SAW element 14 having IDT electrode 11,
reflector electrode 12 at both sides of IDT electrode 11, and connection
electrode 13 electrically connected to IDT electrode 11 (step 66).

25 As shown in Fig. 6, in SAW element 14, ICT electrode 11 is covered
with aluminum oxide layer 11b and aluminum phosphate layer 1la on the

layer 11b. Similarly to IDT element 11, aluminum phosphate layer 1lla



7. The method of claim5, wherein the solution has an acidity of pH 3 to 5.
5 8. The ppihype2ehose! ai m5, further conprising the step of: formng an
al um num oxi de | ayer over the el ectrodg by anodi zi ng. .
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+t " DdEr S4s101 &3qg0 ggélf&vﬁsvalggﬁ%ﬁ Jot' 4 centedPrBuddcy of each SAW device

according to embodiment 2 and a SAW device having no aluminum

15 phosphate layer on the IDT surface after a certain time in an atmosphere of
2.03x10°Pa and 100% humidity. Each SAW device operates as a SAW filter
having a center frequency of 2.14GHz.

As shown in Fig. 5, the center frequency (curve A) varies by
approximately 18% after the certain time in the SAW device having no

20 aluminum phosphate layer. This is because aluminum, a main component
material of IDT electrode 11, chemically changes to aluminum hydroxide,
and increases a weight of IDT electrode 11 due to moisture around SAW
element 14.

The center frequency (curve C) varies little after 40hours in the SAW

25  device according to embodiment 2. In the SAW device, aluminum
phosphate layer 11a on IDT electrode 11, being water-repellent, prevents

water from permeation, and thus prevents aluminum from chemical change.
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N{dESH=! moisture-resistant properties than SAW device having only aluminum
5 phosphate layer over the IDT electrode.

The voltage applied for anodizing controls the thickness of aluminum
oxide layer 11b, but a time for applying influences the thickness little.

Aluminum phosphate layer 11a formed on IDT electrode 11 increases
whole weight of IDT electrode 11. Therefore, the thickness of aluminum

10 phosphate layer 1la is preferably limited to a minimum value effective to
prevent IDT electrode 11 from chemical change. In the embodiments, the
thickness is out of precision limit of ordinary measurement equipment, but
supposedly is order of 0.1nm.

Additionally, increase of IDT elecrodell makes a passing frequency

15 band shift toward lower fre(iuency. Therefore, the passing frequency band
of IDT electrode 11 is preferably set higher initially by a certain value than a
design target frequency to compensate the frequency variation due to
aluminum phosphate layer 11a. The frequency f is determined by a formula
f = v/\, where v is a sound velocity in piezoelectric substrate, and A is a

20 wavelength determined by a finger pitch of the IDT electrode.

According to the embodiments, the ammonium phosphate solution is
used as a phosphate solution. Any acidic solution including phosphorous-
ion, preferably of pH 3 to 5, can form aluminum phosphate layer 1la
efficiently without damaging the IDT electrode.

25 Aluminum phosphate layer being water-repellent formed on the IDT
electrode prevents water form permeation, and thus, prevents aluminum

from chemical change. Any material, other than aluminum phosphate,
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repellent protective layer can be used.

5 INDUSTRIAL APPLICABILITY
A SAW device according to the invention includes an aluminum
phosphate layer covering only over an IDT electrode. Aluminum phosphate
layer is not formed on surfaces of piezoelectric substrate between fingers of
the IDT electrode. The SAW device is moisture-resistant and does not

10 deteriorate in electrical properties.
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3510%t| & ()- 3. The SAW device of claim 1, wherein said electrode includes an

inter-digital transducer (IDT) electrode.

4. The SAW device of claim 3, wherein said electrode further includes

15  a reflector electrode disposed around said IDT electrode.

5. Amethod for manufacturing a surface acoustic wave (SAW) device,
comprising the steps of:
forming an electrode containing aluminum on a piezoelectric
20  substrate; and
forming an aluminum phosphate layer over the electrode through

soaking the piezoelectric substrate in solution containing phosphorous-ion.

6. The method of claim 5, wherein said step of forming the aluminum
25 phosphate layer comprises the sub-step of having the aluminum phosphate
layer have a thickness for making the electrode have an identical electrical

property before and after the aluminum phosphate layer is formed.
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forming an aluminum oxide layer over the electrode by anodizing.




