23 June 2005 1 DESCRI PTION SAW Devi ce and Production Method dphpuetms 5
TECHNI CAL FI ELD The present invention relates to surface acoustic wave
(SAW devices wused to wireless equipngnt, such, as wireless commnications
equi pnment, and a method of manufacturing the devices. 10 BACKGROUND ART A

conventional surface acoustic wave (SAW device featuring

noi sture-resistance is disclosed in Japanese Patent Laid-Open No.2000-
261283. Fig. 9 is an enlarged Cr 95fsS @ﬁ vi ew of the conventional SAW
15 device. The SAW devi ce includes piezoel'eCtric substrate 1 conmposed of
lithiumtantal ate single crystal, inter-digital transducer (IDT) el ectrode
2 conposed mainly of alum numfornmed on the piezoelectric substrate,

i nsul ating protective S&W@eﬁc&Qﬁﬂ%%ﬁuetfm:?'M&h%ﬂdchﬁP@foi" ke for covering a
surface of piezoelectric substrate 1-and IDT el ectrode 2, and

wat er-repel l ent 20 protective |ayer 4 conposed of water-repellent material,
such as hexanethyl disilane and the |ike covering insulating protective

| ayer 8. A nethod of manufact r FRCHNICAVWRIEYIXe Wi ||l be described. First,
| DT el ectrodes 2 are forned on piezoelectric substrate 1 by

~ photolithogr apijie prhesit, invenpiaht wilateg tapp@fatufolistigBvavis(84W) devieest ecti ve
layer of Si2 and 25 the like on IDT electrodes 2. Finally, water-repellent
pr ot ect i vusédhyerwitelebs equipment, such. as wireless communications equipment,

and a method of manufacturing the devices.

10 BACKGROUND ART
A conventional surface acoustic wave (SAW) device featuring
moisture-resistance is disclosed in Japanese Patent Laid-Open No.2000-
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,
msulating protective layer 3 composed of Si0, 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 SiO, and
26  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




hexanmet hyl disilane is applied on insulating protective |ayer 3. As shown
in Fig. 9, insulating protective |ayer 3 and water-repellent 23 June 2005

2 protective layer 4 of the conventional SAW devices COVGr2§%ﬁHﬁ9ﬂ% of

pi ezoel ectric substrate 1 between fingers of |IDT electrode 2. The
insulating protective layer 3 and water-repellent protective |ayer 4
between the fngers attenuate surface acoustic waves propagated between | DT
el ectrode fngers on piezoelectric substrate 1, though providing the SAW
device with noisture- resistance. Consequently, the SAWdevi ce, upon being

used asroledtivd clayehasd ofletlsy | edrptentional eSAWC alevicedpasdver deerthoes foff
exanpl'e, increase of its insertion |oss. SUVWMMARY OF THE | NVENTI ON A

sur f acpieaoelestric suwbyiateSAVetvendnc fingers o DT egbctrodstir The riesukitiangce and
el ectrical property prevented fromdeterioration. In accordance wth an
aspectpmftedtine payeeredtarichweater-oepeltant rproteactpreolaytedd betwetnctheafingsts ¢ wave
~ (SAW device conprising: a piezoelectric substrate; an el ectrode

cont ai attenad¢ suifacenasoustic avaveszorsipagatadcbetiviesr HO'E: elaattode fmgeans omm
phosphate | ayer covering only over said el ectrode. In accordance with

anot hepiezeplgetriofsubmater ds dhoughvpiaviding the AW derieeiwsh maistuked f or

manuf acturing a_surface acoustjc wave (SAW device, conprising the steps
of . fdicaistancgn eprsagqusatlyc dhe 2PAWMgdeviaes HoaNoheRs Hﬁ%ﬂf@él @ciiLi ¢le Rasbstrat e;

and form ng an al.um num phosphate | ayer over t.he el egtrade thrqugh soaking
t he pi‘ieztﬁ’épg’é% gleg Pﬁ‘?léel%hag%lt%t b R XABPIS IRCFRgSe &%é@;}ﬂ%%l@gt pg%.

SUMMARY OF THE INVENTION

A surface acoustic. wave (SAW) device having a high moisture-
resistance and electrical property prevented from deterioration. In accordance
- with an aspect of the present invention, there is provided a surface acoustic
wave (SAW) device comprising: a piezoelectric substrate; an electrode
containing aluminum on said piezoelectric substrate; and an aluminum

phosphate layer covering only over said electrode.
In accordance with another aspect of the present invention, there is
provided a method for manufacturing a surface acoustic wave (SAW) device,
“comprising the steps of: forming an electrode containing aluminum on a
piezoelectric substrate; and forming an aluminum phosphate layer over the
electrode through soaking the piezoelectric substrate in solution containing

phosphorous-ion.

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 of

the present invention.




BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1 is an enlarged cross-secti onal
view of an essential portion of a surface acoustic wave (SAW el enent
according to exenplary enbodinent 1 of the present inventhgnumZdokune 2005
2a Fig. 2 is a plan view of a SAWel enent according to exenplary

enbodi nents 1 and 2 of the inventiomg Fig. 3 is a cross-sectional view of a
SAW devi ce according to enbodinents 1 and 2. Fig. 4 is a diagramof a
manuf act uri ng process of a SAWdevice according to enbodinents 1 and 2.
Fig. 5is a variation for a time of a center frequency in a noisture test
123 June 20Q8g. 32 frr aSpWrtevibeevfaacSAdhelementrhmdontings td axemplazpd a SAW
device of a conparative exanple. Fig. 6 is an enlarged cross-secti onal

vi ew afmboditvéritei ared 2axfahdimeerttion.enbodi nent 2. 5 Fig. 7 is a diagramof a
manuf act uri ng process of a SAWdevice according to enbodinment 2. Fig. 8 is
a schemati dfigi ev if anrcraspdectenali z&éeWorofpraocSa%gVode*aicBA\adehnge taccor di ng
to enbodinment 2. Fig. 9 is an enlarged cross-sectional view of an essenti al
por t i enmbédiments 1 and 2.

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




10 conventional SAW el enent. DETAI LED DESCRI PTI ON OF THE PREFERRREIRe 2005
EMBODI MENTS (Exenpl ary Enbodinent 1) Fig. 1 is an enlarged cross-sectional

view of an essential portion of a 15 Surface acoustic wave (SAW el enent

according to exenplary enbodinment 1, Fig. 2 is a plan view of the SAW

el ement, and Fig. 3 is a cross-sectional view of a SAWdevice. The SAW

el ement shown in Figs. 1 through 3 includes piezoelectric substrate 10

conposed ofor| 34 dewieemactoadimgsiongnbodigents| 1 and|2 and unSAW stevice of0a si ngl e
crystal, inter-digital transducer (IDT) electrode 11 forned on

pi ezoel ect fBPEANea¥a@ple; al uni num phosphate |ayer 1la covering a surface
of IDT el ectroﬁ_ 1%,, reflector, el ectrodes_12 at_baoth _sides of |IDT el ectrode
11 on pi ezoel etig Pds apritiazged cross-saciionghriest ol SAVE devisaacearding #@d on

pi ezoel ectrig éigx?St rate 10 for being electrically-connected to IDT

el ect r ode ¥RPOGIEREL. SAW devi ce i ncl udes package 15 for accommopdati ng SAW

- element. 14, external. connection .el ectrode 16 provi ded gn age .15, wire
17 for ® connecﬁ]ﬁgn@&’ﬁﬁ"e@??@ﬁnéloéc‘l‘ rIBﬁE“gaé’t‘t“Bn XRYOPPES Og(ﬂﬂ@(ci&i #VIEE ect r ode

16, and 23 June 2005 .4 [lid to cl ose an opening of package 15. |IDT

el ectrode alcf,rc;gglgggmpdl@fagéﬁr ode 12, and connection electrode 13 are nade

-of | i Nl v f ] A hod. ,0f f [ SAW
device vi 11 desir a3 ¥ enémady Hasf dft e w0 ShiaRie S pEst o AL o of
a manuf actgi o, RHARES o LnbddEment 2. ,

Fig. 9 is an enlarged cross-sectional view of an essential portion of a

10 conventional SAW element.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
(Exemplary Embodiment 1) |
| Fig. 1 is an enlarged cross—sectionél view of an essential portion of a
15  surface acoustic wave (SAW) element according to exemplary embodiment 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'11‘a 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 lpackage 15 for accommodating SAW elemgnt 14,
external connection electrode 16 provided on package 15, wire 17 for

-connecting connection electrode 13 to external connection electrode 16; and




SAW devi ce according to enbodinent 1. First, plural |1DT el ectredgse. dobs

refl ector electrodes 12, and connection electrodes 13 made of netal mainly
conposed of -al um num are formed on pl gt e-shaped pi ezoel ectric substrate 10
by photolithography (step 31). 10 Then, piezoelectric substrate 10 is
soaked in 0.5 to 60% amoni um phosphate solution of pH 3 to 5 for a
predeterm ned tine (step 32). The ammoni um phosphate solution is adopted

because of it $8 CRNEIoRE | AR dgenih® dfHpackR@ecys! . IR edaditddeorl] hadfleptopduces
al um num phosphate in reaction with alum num nmay be alternative.

Concent r at ;RBtrofle 12} a¥@®benidtoidn®Gledrdde Ephry made bémidtal mudnly @asposed
efficiently, but electrode material, alum num dissolves easily in

concent r at ppalueiinned. | ess than 60% sol uti on. Piezoelectric substrate 10 is
preferably soaked not nore than 30 m nutes. A shorter tinme, approx. 1
second, is pernAssiebhel dfumemufacteringndghe $AVHh &Ficei nilledeseribedt with

pr ef erabl e because the el ectrode material, alumnum dissolves in the 20
sol uti of. ifdferemicezodrawingsc st is disgsamenfiventanuiaiucingprocess efdhaf t er
being taken out of the solution (step 33). A wafer for exanple, my be

ri nsed w t 8AWhdedcevatenrdigito embodimenstlat ed t o bl ow t he wat er
(rinse-drying). Here, rotating the wafer to blow the water_is effective to
prevent the wafBirst, pdwaldDBelectrodes Lhareflettor elagtzafles Baand eannoction on

pi ezoel ectric substrate_is neasured in frequengy_ characterigtics,and is
sorted. Supleeioden 1§ made of gupfal maindy composed; eﬁél‘ﬁaasumsare ormed on

-i)late-shaped piezoelectric substrate 10 by photolithography (step 31).

10 Then, piezoelectric substrate 10 is soaked in 0.5 to 60% ammonium
phosphate solution of pH 8 to 5 for a predetermined time (stép 32). The
ammonium phosphate ‘solution is adopted because of its contrpllab]ity in pH,
however, any solution that produces aluminum phosphate in reaction with
aluminum may be .alternative. Concentration of not more than 0.5%

15 solution forms layer less efﬁcientiy, but electrode material, aluminum,
dissolves easily in concentration of not less than 60% solution. Piezoelectric
substrate 10 is preferably soaked not more than 30 minutes. A shorter time,
approx. 1 second, is permissible, but a time longer than 30 minutes is not
preferable because the electrode material, aluminum, dissolves the

20  solution.

| The piezoelectric substrate is waéhéd in water and dried after being
taken out of the solution (step 33). " Awafer for example, may be rinsed with
pure water and is then rotated to blow the water (rinse-drying). Here,
rotﬁting 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,




pi ezoel ectric substrate 10 is divided by dicing into each SAW g paenjps14

I ncluding IDT electrode 11, reflector electrodes. 12 fornmed on both sides
of |IDT electrode 11, and connection elgectrode 13 electrically-connected to
I DT electrode 11 (step 34). As shown in Fig. 1, a surface of |IDT el ectrode
11 of 5 SAWelenent 14 is covered with thin alum num phosphate | ayer 1la.
Surfaces of reflector electrode 12 and connection el ectrode 13 are covered
wi t h al um piesoglbgsiehailestratyel0 1d diokiedeby . didingrintone adio SV tedenayérli4 11a is
formed to have a thickness to nmake IDT el ectrode 11 have al nost identical
el ect ri calinphuhing tTD® cleetade Bydrefletir ¢leetrodged2i Hrinedned both sidesnpf SAW
element 14 is nounted in package 15 (step 35). Then, connection el ectrode
13 of SAWH)Beetrade bhduek cenmationoeleetrode il etkectnically-catasted de IBJe 15
are connected with wire 17 (step 36), Then, . lid 18 closes _an opening-of

- package 1el¢etrede 3Y)steprdt)t hds, shomn teHigelsaonnfaca of IPT glectrodgr blypled. 15
Properties of the SAWdevice according to this_enbodinment wll be :

descri Fed. SAWy elamenio\ld darcoxerash svish thipe plwminwwgpéwephate daver ddat he SAW
device according to enbodipent 1 and a SAW devi ce, having. no al umn

~ phosphat e Sufacesopf reflectoyrelactmode ote ang eenmaction ¢lecksedapl  prarqo¥er
e o e i 2 L0 A O o 5201
ROt e B RGBS b B M Bl S04 T WAL L
hayer (CUne a1 el Szl bRope iEIHERTY abT UtSr fHle 13k 85 formed.
10 Then, SAW element 14 is mounted in package 15 (step 35). Then,
connection electrode 13 of SAW element 14 and external connection electrode
16 on package 15 are qonnected with wire 717 (step 36). Then, lid 18 closés
~ an opening of package 15 (step 37), and thus, SAW device shown in Fig. 3 is
provided. |
15 - Properties of thé 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 oi)erates as a SAW filter having-a center freqﬁency 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 mo -
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




25 by only approximately 5% after 40 hours in the SAWdevice ageandbig to
enbodi nent 1 havi ng hi gh noi sture-resistance. The SAW devi ce according to
enbodi ment 1 has al um num phosphate 23 &une 2005 6 |ayer 1lla only on the
surf ace of—+BF-el-eetrode—11—Thi-s prevents surface acoustic waves in the
SAW devi ce for attenuation, and reduces insertion |oss of the device nore
t han conventional SAW devices having protective |layers also on a surface -
of a pi ezodhpai Nl dhilpdir thee sulfabb o AT elédteod®lds uThis peéwdrest suarfags num
phosphate |layer 1la is fornmed only on the surface of IDT electrode 11 by
soaki ng pi eroettde twaives irs tios SAN detite o iabignhibTionl, antredacdd irisertion hess
ammoni um phosphate solution. This construction prevents |IDT el ectrode 11
conposed  ofof dherdevion hooerthaheoneentignahIAW dgvices haxingriprotectivdrlexéxte, and
prevents the SAWdevice 10 from depreciation in electrical property.

Chemi cal r @den dmasurfaceivf alpiemeelectirieduhstrateange i nto the al um num

~hydr oxi de may occur, for exanple, near boundary between the piezoel ectric
substrabe and alMetequen fhesmivisture resistanty alumpinun| phosphateJayexilda is
chem cal |l y-changed fromthe alum numdissolves in water easily, .and,the

di ssol vi ng fermaed mnly e thei sertacs ehdijeelogireda d1oby saaking apaenlactzicd

- changes or f|uctuates prop tjon property of the surface acoustic waves
on the pi efﬂgﬁ@‘é{;? i‘éiém& siect i & Ja#a%h??nzﬁl%%@w ogp Merﬁﬂi%lﬂ%r oxi de

TS ST a0 B RGhn LOSTAG n lobe- g S b e |00
of the Vav %ﬁémically-changing into aluminum hydroxide, and prevents the SAW device
10" from depreciation in electrical property. Chemical reactions in which the
aluminum change into the aluminum hydroxide may occur, for example, near |
boundary between the piezoelectric substrate and alummum phosphate
layer 1la. The aluminum hydrexide chemically-changed from the
aluminum dissolves in water easily, and the dissolviﬁg aluminum hydroxide
15 changes weights of the electrodes and changes or fluctuates propagation
property of the surface acoustic waves on the piezoelectric substrate.
Additionally, since the aluminum hydroxide has a resistance almost identical
to that of an insulator, the electrodes has their increased resistances, and
thus causing larger propagation loss of the waves.
20 Since aluminum phosphate layer 11a is formed to have its thickness to
| make IDT electrode 11 to-have almost identical electrical properties before
and after the layer is formed, a SAW filter having desired electrical
properties is provided. A thickness of the layer, not being measured
correctly due to out of precision limit of ordinary measurement equipment, is
25 6rdér of 0.1nm. Therefore, the aluminﬁm phosphate layef 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




20 Since alum num phosphate layer Ila is forned to have its thhskpgessos O
make | DT el ectrode 11 to have al nost identical electrical properties before
and after the layer is formed, a SAWfifter having desired el ectrical
properties is provided. A thickness of the |ayer, not being neasured
correctly due to out of precision |imt of ordinary neasurenent equi pnent,
is 25 order of 0.1nm Therefore, the al um num phosphate | ayer does not

af fect a plodsphatéilajeres Thef layerf ielferhedder 2 shoft peried fofrtimeakndgafter

pi ezoel ectric substrate 10 in the solution controls the thickness of the

al um num 2hatutle Pigkness sitasptest e Shaykest tithe fomsoaking provides thedagershor t
period of time, and after that, the thickness saturates. Shortest tinme for

soaki ng previbdas aphroxinpdely-desiredathicdopessxi nat el y- desi red thi ckness. The

ammoni um phosphate solution of pH 3 to 5 suppresses that 5 alum num main

conponent nat erFh¢ ayhmobium| phosphatel solutiohl eEpdt Eitecd romwpresses Hat

connection electrode 13, dissolves easily in it, and thus prevents the

pr oper Bi estlgmipyan, gpwryeampendny magexial ‘P%HAT iedpetragestls raflpelor eleciraste

al um num depends on pH value, and alum num hardly.dissolves in pH to 5

~ sol uti on. a(téf@ﬁﬂe&wnal%mtfﬁ% dissqlvgs epsiinpitppad thugpreventssiier ace
R -t R T N

Filg. 61s aﬁtqmeiﬂlu%ur 8eelgexfcfsoosnspH value, ahd aluminum hardly dissolvesinpH 3to 5

solution. o

10
(Exemplary Embodiment 2)

Fig. 2 is a plap view of a surface acoustic 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. 6is an énlarged CToss-

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 1lla covers over aluminum oxide layer 11b
applied only on a surface of an inter-digital transducer (IDT) electrode for

20 _shield-ing the surface of the IDT electrode. '

| A method of manufacturing the SAW device is described. Fig. 7 is 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 supp1y73.. Similar elements described

in embodiment 1 are denoted by the same reference numerals, and the

descriptions thereof are omitted.




15 sectional view of an essential portion of the SAWel enent. i nink 2605

configuration elenments described in enbodinent 1 are denoted by the same

ref erence nunerals, and the descriptiorgs thereof are omtted: In the

figure, alum num phosphate |ayer 1la covers over alum num oxide |ayer 11b

applied only on a surface of an inter-digital transducer (IDT) el ectrode

for 20 shielding the surface of the IDT el ectrode. A nethod of

manuf act uri ng tHesSAMadkiriy éo iemldeddmenddd plitia]. IDT iedectrodidis abi, avefleétoa

manuf act uri ng process of the SAWdevice used according to enbodi ment 2.

" Fig. 8 is dedrbdeml?,cand eonndction elacintedex18mrade ofmetalomsinlyfcompuseSAW
device. A manufacturing apparatus is provided with electrolytic 25 solution

71, el ect rafdehizRinumd pw/eigrmaﬂpwmtésshapal mezredentsicdsghstrated 10i hy

enbodi nrent 1 are denoted by the same reference nunerals, and the

descri pt i arhwtolithegypphy éstepiGled. 23 June 2005 8 First, simlarly to

enbodi ment 1, plural IDT electrodes 11, reflector electrodes 12, and

connec®i on el ectrenieas showayan oFigre, apiegeelactyic subeizate 18 isasodkotudmar e

formed on ql at e- shaped pi ezoel ectric substrate 10 by pggt | it hogr aphy

(step 61) clectyplyhic splutinpwil itasethgr withpeleserects imeade 98+ roxt exampples soaked

in electrolytic solution 71 together with el ectrode 72 de of, for
exanpl e, - sg?éﬁ?ﬁ%%t&e ot e Yﬁa@wyevg voliagehetwegp eleghrodg i ava
el ectrode 72 as a e, and J.DT el ectr,ode,.11 as, an anode. The yol tage
Shed vos® ghBuile dna T BisSuE 11k En FHcad: The, Slia 2 SRR an

al um num oxigen L3 sode 11, which is thus covered with an aluminum oxide layer

10 (step 62). The voltége 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 el?ctrode 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 b 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 soll_ition 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 eiectrode 11,
reflector electrode 12 at both sides Qf 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 11a on the

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




10 (step 62). The voltage applied for anodi zing controls the t#d mkosms of
the ||ayer alum num oxide. For exanple, a voltage of 3 to 50V forns the

al um num oxi de | ayer of 4 to 70nmthickpness. An IDT el ectrode of any
construction on a wafer can be forned by anodizing if a voltage is applied
to the electrode. 15 After being taken out of electrolytic solution 71,

pi ezoel ectric substrate 10 is washed in pure water and is dried (step 63).

Then, pi ezaglegs hlhiGin$mistdalHrek 0 lbScoserike Gurfacls of tefléfiorelacirodes D2
phosphate solution of pH3 to 5 for a predetermned tine (step 64), and

then, is wasdednhsctidh eledtrsllesdrd. e pbtidon hehiol isakrtnamudized ist Ewveaedoni um
phosphate solution (step 65). 20 An anmoni um phosphate sol ution identical

to that ofosiybwithnaeimihuns phoephateJapeedlent The thikabsswf the alwemibugur e,

pi ezoel ectric substrate 10 is. divided by dicing into each SAWel enent 14
havi ng | DToxiHedayeards 4th 70umwf hnd the tiicknéssosfahe 21amitvompluisghateolaye DT

el ectrode 11, and connection electrode 13 electrically connected to |IDT
el ect r dile iBlordst eH0ABm. 25 As shown in Fig. 6, in SAWel enent 14, ICT

el ectrode 11 is covered w th alum numoxide |layer lib and al um num
“phosphat e | ayerThem, SAW elementykt is bonded to Pa'f:k%get 15 bpHiebendng (step

al um num phosphate layer Ila - ------- --- 23 June 2005 9 covers alum num
oxi de | aye®D11bTbemecprgeding fdearase sk péoSféW eleperbdes apd egipm
connection el ectrod 13 A portion which is not i zed j_s, covered only
wi th al umi $omRepHeR S Pnpﬁakagpn@ﬁrﬁmgefﬁ ‘Elrﬁllljn(:‘s?ﬁ?ngé)'

Then, 1id 18 closes an opening of package 15 (step 69), thus providing
10 the SAW device shown in the figure.
Properties of the SAW device according to embodiment 2 will be
described.
Fig. 5 shows a variation of a center frequency of each SAW device
accordiﬁg 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 cor;iponent
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—fepellent, prevents

water from permeation, and thus prevents aluminum from chemical change.




‘oxide layer is 4 to 70nm and the thickness of the al um num phosphat@ps ayer
5 is order of 0.1nm Then, SAWelenent 14 is bonded to package 15 by the
bonding (step 67). Then, connection eléctrode 13 of SAWel enent 14 and
external connection electrode 16 on package 15 are connected with wire 17
(step 68). Then, lid 18 cl oses an openi ng of package 15 (step 69), thus.
providing 10 the SAWdevice shown in the figure. Properties of the SAW
devi ce accor di nMarecearbcdhmenum oxidd laper ddbcformmet]l Ityees shunmwm
variation of a _center frequency of each SAWdevice according to enbodi nent
2 and a SAphemhate lagen hip and Jﬁwhmdqalmcgm@at@y&om@ﬁwu@r
surface after a certain tinme in an atmsphere of 2.03x105Pa and, 100%

huni di ty. EherbAReracs baviggal umanumsoxddsayeriilbeddiniappiy hascehteder
Vari'cs by TOUTRSRTREEET PEOBSETIER: ot SAVL Aeel HBvRg (oY SAMORAT
Conpondht RAPBIAF 16107 Gpr ehe LT sHAbIade: chem cal Iy changes (o al um num |
hydr oxi de, and.jncreases a.wei.ght of. 1DI el ectrpde, 11 due noi st ure
atound SAW o cRBAVORAES PRELEL AThraitiatRsR s sho dbiskogas pLELTARIR' o ( o
o e R AP 5 B b GRR eyl S e
prevents et er o1 RR TR 198 114 HikoRL Y8 1T BlebiloRd 1 £R8L0E™ c2!
' whole weight of IDT electrode 11. Therefore, the thickness of aluminum
10 phosphate layer 11a is preferably limited to 2 minimum value effective to
prevent IDT electrode 11 from chemical change. In the embodiments, the
thickness is out of precision limit of ordinary measurement e:quipment, but
supposedly is order of 0.1nm.
Additionally, increase of IDT elecrodell makes a passing frequency
15 band shift toward lower frequency. 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 fis 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 glectrode. .
According to the embodiments, the ammoniﬁm phosphate solution 1s
used as a phosphate solution. Any acidic solution including phosphorous-
ton, preferably of pH 3 to 5, can form alummum phosphate layer 1lla
efficiently without démaging 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,




23 June 2005 10 Moreover, alum num oxide layer Ilb formed bet 2®eRie 2008mM num
phosphate layer Ila and | DT el ectrode 11 prevents water from perneation.
The SAW devi ce havi ng al um num oxide |layer |l b additionally has a higher

noi sture-resistant properties than SAWdevice having only alum num 5
phosphate | ayer over the IDT electrode. The voltage applied for anodi zing
controls the thickness of alum num oxide layer |Ib, but a tinme for

appl yi ng i efpalis of sforinéng i ckaessepeliéhie prottine nNlayep hediibitsetheaysamd | a
formed on I DT el ectrode 11 increases whole weight of IDT el ectrode 11.

Ther ef or e, effduts.t Moke especificali,uotharmphdshlpiios phaphbld af dorling iz waterer abl y
limted to a mninumval ue effective to prevent |IDT electrode 11 from
chemi cal clepeljent protectivecldyedicarmiesysedhe t hi ckness is out of precision
limt of ordinary neasurenent equi pnent, but supposedly is order of 0.1nm
Addi tionally, increase of |IDT elecrodell nakes a passing frequency 15 band
shift toward | ower frequency. Therefore, the passing frequency band of |DT
el ectrdde 11 is preferabl yI@UﬁT@iéLABPM@ﬂ%I a certain value than a
design target frequency to conpensate the frequency variation_due to :

al um num phosprateAWaglerice| according tegthadpventien jgackrdesham Rfuaingmy| o  f
= v/(err), ezoe&ect ic substrate, and X is

where v. is a sound velocity [n_pi
a 2odmvet[leq%§%ﬁted@yez ﬁ?‘f?@?%?ﬂlﬁ' YR Bt hﬁ?‘@iftm :t- h @Tﬁ%@éﬂ%@@te )
ccorairng,to e enpodal nts, e a nium 0S e s utl on,l s Us, as a
roonhar o 1680t 1% ot BRPALh Beiates of Povor RER e M Riss ROt dsufingers 5
the IDT electrode. The SAW device is moisture-resistant and does not

.10  deteriorate in electrical properties.




ion, preferably of pH 3 to 5, can form al um num phosphat e | ayez3 Juh&2005
efficiently without damagi ng the I DT el ectrode. 25 Al um num phosphate | ayer
being water-repellent forned on the | D2 el ectrode prevents water form
permeation, and thus, prevents alum num from chem cal change. Any
material, other than al um num phosphate, 23 June 2005 11 capabl e of
formng a water-repellent protective |ayer exhibits the sane effects. Mire

specifically, other phosphates capabCeAdMS ornmi ng a water- repellent
protective | ayer can be used. 5 | NDUSTRI AL APPLI CABI LI TY A SAW devi ce
accordi ng to the iAsanfiaceraconsticdeyedBAN uddvicercoppospigit e | ayer covering
only over an IDT el ectrode. Al um num phosphate |layer is not formed on
surfaces of . pi ezoehgutzdetectuiosubatmtéet ween fingers of the |1 DT el ectrode.
The SAW device is noisture-resistant and does not 10 deteriorate in

el ectrical propertapeletsodriemntadbg alamihnmven said piegoelestac agbsizates wave
(SAW device_conprising: a piezoelectric substrate; an el ectrode

cont ai rt nga@B%umi num on sai d pi ezoel ectric substrate; 5 and an al um num

phosphat e | ayer .covering _only over said el ectrode. .
' an aluminum phosphate layer covering only over said electrode.

2. The SAW device of claim 1, further comprising:
an aluminum oxide layer over said electrode.
10
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 alurﬁin‘um phosphlate layer over the electrode through

soaking the piezoelectric substrate in solution containing phesphorous-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.




2. The SAWdevice of claiml1, further conprising: an al unm num gxjwle2008yer
over said electrode. 10 3. The SAWdevice of claim1l, wherein said

el ectrode includes an inter-digital trgnsducer (I1DT) electrode. 4. The SAW
device of claim3, wherein said electrode further includes 15 a reflector
el ectrode disposed around said |IDT electrode. 5. A nethod for manufacturing
a surface acoustic wave (SAW device, conprising the steps of form ng an
el ectrode containing alum numon a piezoelectric 20 substrate; and form ng
an al um num phosphate | ayer over the el ectrode through soaking the

pi ezoel ectri ¢ sWbsTheteethodadlcltiims, whateih thagohititaphas anwcidity ofipH Bhe

nmet hod of claim5, wherein said step of formng the alum num 25 phosphate
| ayer conptd 8es the sub-step of having the al um num phosphate |ayer have a
t hi ckness for nmaking the el ectrode have an identical electrical property
before and after the al um num phosphate |ayer is fornmed. 23 June 2005 13-
7. The nmethod of claim5, wherein the solution has an acidity of pH3 to
5. 5 8.5 The net8odThe¢ methiothof claivn b.Harthermompisiggtthe sserpliof 1 forning an

al um num oxi de | ayer over the electrode by anodi zing. ABSTRACT __ .
forming an aluminum oxide layer over the € ectrode by anodizing,




A SAWdevice is highly noisture-resistant, and thus, does not 28&er0ey ate
in electrical properties. Plural SAWel enents each having | DT el ectrodes
mai nly conposed of alum numare forned Bn a piezoel ectric substrate. Then,

t he piezoelectric substrate is soaked in a solution containing
phosphorous-ion, washed in water, and dried after being taken out of the
solution. The piezoelectric substrate is then divided by dicing into each
SAW el enent after the elenment is neABSTRACT frequency characteristics and

sorted. Then, the SAWel enent is nounted to a package and electrically
connected with & VBAW. delime, i highly | mestursramietanbg anid tthas, plekaget
- deteriorate in electrical properties. Plural SAW elements each having IDT
electro't_ies mainly composed of aluminum are formed on a piezoelectric
5 substrate. Then, the piezoelectric substrate is soaked in a solution
containing phosphorous-ion, washed in water, and dried after being taken
out of the solution. The piezoelectric substrate is then divided by dicing into
each SAW element after the element is measured in frequency
characteristics and sorted. Then, the SAW element is mounted to a package

10  and electrically connected with a wire. Then, a lid closes an opening of the

package.




