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(ﬁES%ﬁﬁ.'P"I‘i@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

prot ect i vusédhyerwitelehs dqeipmenbysudh. sis| wireldss appinuedcatioisnsghipinend,

protective |ayer 3.
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




As shown in Fig. 9, insulating protective layer 3 and water-repellent 23
June 2005 2 protective |layer 4 of the conventional SAW devi ces cover
surfaces of piezoelectric substrate 1 between fingers 0f|j§&ﬁ%g@¢§ode 2.
The insulating protective layer 3 and water-repellent protective |layer 4
between the fngers attenuate surfacg acoustic waves propagated between |DT
el ectrode fngers on piezoelectric substrate 1, though providing the SAW
device with noisture- resistance. Consequently, the SAWdevice, upon being
used as a filter, has deteriorating electrical property due to, for

exanpl grotédtiveedagept 41 bf thws etdriventionat  SASUMENRICEF cOver | NEATEONDA
surface acoustic wave (SAW device having a high noisture- resistance and

el ect rpieabelertrie substratey &nbetdvdano fingets oif ITXT | electrbde d:.cthdainselatinigt h an
aspect of the present invention, there is provided a surface acoustic wave
(SAW pietecteve bayeri 3iamy] veatpi-eemedleant tpriotectives layered ltweknctheofingers

~ containing alum numon said piezoelectric substrate; and an al um num

phos phattenuatg enrface econgtio wavesvpropsgatedebetsreendHD 1) ¢leairode dengess wint h

anot her, aspect of the present invention, there is provided a nethod for
manuf apicapelegtric substae dedhetph provadingatlie ded iV edevige mpithsmodsture- st eps
of. formng an el ectrode contajning alum num OQ@% piégcfoel ecéki Cc Substrate;
and f diemisincen GeasaguenilyhdbendfdV | dgrdee.oupent beinge psed B§de HHel k@$ soaki ng
the piezoeleciric substrate in solutjion contai.ning phosphorous-ion. BRI EF
DESCRI ¢eteitRratin ECWQI\PWIW 61.13 10, r&ﬁa@ﬂﬁ%rlﬁﬁ’@aé? 82 $34BsGIORAPSYi ew of

an essential portion of a

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.




surface acoustic wave (SAW el enment according to exenplary enbodi nent 1 of
the present invention. 23 June 2005 2a Fig. 2 is a plan view of a SAW

el ement according to exenplary enbodinents 1 and 2 of thesknpyghsaggn. Fig.
3 is a cross-sectional view of a SAWdevice according to enbodinents 1 and
2. Fig. 4 is a diagramof a manufactayying process of a SAW device
according to enbodinents 1 and 2. Fig. 5is a variation for atinme of a
center frequency in a noisture test 23 June 2005 3 for SAW devices
according to enmbodinments 1 and 2 and a SAWdevice of a conparative
‘exanpl e. Filig. @i anpkil ariged ofr as SASRCtdlemeht viceordihga t& AN enplary
according to enbodinent 2. 5 Fig. 7 is a diagramof a manufacturing

pr ocesssnbbdin&Gayvldawl 2of the dovelitiun.t o enbodi ment 2. Fig. 8 is a schematic
vi ew of an anode oxi di zation process of a SAW device according to

enbodi ment Big. F3 gis % i acroas-sedtiongledriewo st sie S ABatlevicewastordingsent i al
portion of a 10 conventional SAWel ement. DETAILED DESCRI PTI ON OF THE
PREFERREDodinBams NENKE2. ( Exenpl ary Enbodi ment 1)

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




Fig. 1 is an enlarged cross-sectional view of an essential portsameabosa 15
surface acoustic wave (SAW el enent according to exenplary enbodi nent 1,
Fig. 2 is a plan view of the SAWelened, and Fig. 3 is a cross-sectional
view of a SAWdevice. The SAWel enent shown in Figs. 1 through 3 includes
pi ezoel'ectric substrate 10 conposed of lithiumtantalate single crystal or
l'ithiumnigbate 20 single crystal, inter-digital transducer (1DT)

el ectrode 11 $AWnderiess pecordivigeior embodimentsal end @ and unSAWh deiviceppfaz e | ayer
11la covering a surface of |IDT electrode 11, reflector electrodes 12 at
bot h si desC¥PanstIve exemplde 11 on piezoel ectric substrate 10, and
connection electrode 13 fQrnmed on piezoelectric substrate 10 for being
electrically- c%ﬁgegﬂ%ént@ﬂﬁgér@cﬁ'?%@nﬂwemoﬁm§A§&ﬂﬁﬁ@9i%01?4%8 tRles
package 15. for,accq dating SAWel enent 14, external connection el ectrode
16 provi de‘?fngﬂdlﬁ‘éw e 15, wire 17 for connecting connection el ectrode 13

- to external co ect,} on electrode .16, and.23 June 2005 [ i 8.ta close an
openi nsf’ of packid§e 135 & giagram of ;ymgnufaciynpg process of & 19eviggq

connection_ electrqode 13 are de of nmetal mainly conposed of alumnum A
met hod of ancéglﬁc;iggt%glepﬁ)&dﬁlﬁgn W device will described with 5 reference to
-drawi ngs. Fig. I g :a di .0f . a nuf act uri ng.process of the devi ce
according to erégdlﬁnlgn ) Iﬁ{}%rlgﬁe%ﬁraﬁ e GRSt RTOCESS ngal §m

el ectrode%%e_%mgqgﬁﬁ%@gpghg .trodes 13 made of netal mainly conposed

of alum numare torne e aped piezoelectric substrate 10 by
phot _Ol | thogr apis(§G8Rn3dalarged 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




10 Then, piezoelectric substrate 10 is soaked in 0.5 to 60% anyPRhidHos
phosphate solution of pH 3 to 5 for a predetermned tinme (step 32). The
ammoni um phosphat e solution i s adoptedgbecause of its controllablity in pH,
however, any sol ution that produces al umi num phosphate in reaction wth

al umi num may be alternative. Concentration of not nore than 0.5% 15
solution forns |layer less efficiently, but electrode material, alum num

di ssol ves Basit$ Yiol BloseN&e igedih®bfopaditige! €65 TNAN eféiesdd Uil| areflector
Pi ezoel ectric substrate 10 is preferably soaked not nore than 30 m nutes.

A shorter glefiode ARPARX codndetionlectiGdePES ficSmiadb of ntuthl mdinlyecdnmwaged t han
30 mnutes is not preferable because the electrode material, alum num

di ssol ves phalidignuzd) sol ution. The piezoelectric substrate is washed in
water and dried after being taken out of the solution (step 33). A wafer
for exanple, nag bBethidsfdmanfactoming whe eBAWhdlevicet vall desatikeetl twithl ow t he
water (rinse-drying). Here, rotating the wafer to blow the water is
effective tefereneedotirawingsafl igf4 a didgramoifa manufactwaing protessof theaw

el enent 14 on piezoelectric substrate is neasured in frequency

char act er | SAW devinel acerdinng tecembodiseeptdnt [y, as shown in Fig. 2, 23 June
2005 5 piezoelectric substrate 10 is divided by dicing into each SAW

el ement 14 i ncFiret, mdurabiD elecirodes 11, reflectos elentredesctd, gaukconnectighned on
both sides of |DT electrode 11, and_connection e&ectrode 13

el ect ri cal elpcizadereds anade of pretal magindy gampesqds of 3 %P%a%mqqﬂoﬁ g. 1,
s surfooe o el Pelroe 2 O 5 SN e 1
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,




Surfaces of reflector electrode 12 and connection el ectrode 13mmg: mR¥er ed
w th al um num phosphate | ayer 1la as well. Al um num phosphate | ayer 1lla is
formed to have a thickness to nake |DT &l ectrode 11 have al nost identical
el ectrical properties before and after the layer is fornmed. 10 Then, SAW
el ement 14 is nounted in package 15 (step 35). Then, connection el ectrode
13 of SAWel enent 14 and external connection electrode 16 on package 15
ar e connecpiegoaledthicngulestiate( 30 dép ditldedTherdicingdind eddds SAW aslemeahi iy of
package 15 (step 37), and thus, SAWdevice shown in Fig. 3 is provided. 15
Pr opert i esinpfudihg ToNetetiode ]ahamfmctog ¢lectrbidss dBuibdinednon kioth sides of
described. Fig. 5 shows variations of a center frequency of each of the SAW -
devi ce acl¥F ¢levyrade Ehbrodl nemtectioaneleatrsdeyideolectritally-copmasted tolBIm
phosphat e Iayer on the IDT el ectrode (a.conparative exanple) after a_ -

- certain 20ele¢tmedeihtidstepr3at ndsprhomen tn Figotxa eurfacarnf Inr%e@mde. llyof Each
SAW device operates as a SAWfilter_ having_a center frequency of 14CGHz.
As shown if wpglelsenﬁ Heé dermogerad aythnthin alpmenwn phosphatey aléeﬂprlé% mat el y
18% after the certain tine jn the SAWdevi ce having no _ al um num phds phat e

 layer (curbrfages afeeflasteropl eph@éeel%@n@cmwceyom cgde513)arg oyere
I Ravi ng_ HYHh AEFOPERE SROSPRR Enlatr 18 SAWAILy| ABUREEOR P RGLGte T6Y ”b%qdhe”ﬁ? 1
has al um g phecpial & 32,05 a0%8es Gl e?ect¥o£e 1 asnlasg of 1 0T
identical electrical properties before and after the layer is 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




~acoustic waves in the SAWdevice for attenuation, and reduces pNRAE BN

| oss of the device nore than conventional SAW devi ces having protective

| ayers also on a surface of a piezoele@ric substrate. 5 Myreover, the

noi st ur e—resi-stant—al-um-num-phosphate layer 1la is fornmed only on the
surface of |IDT electrode 11 by soaking piezoelectric substrate 10 having

| DT el ectrode 11 into the amoni um phosphate solution. This construction -
prevents | MHyed ati ronde ohltleoensfaed o IDT wledtvodd 1dM Thie prevdrty- adrfagi ng

i nto al um num hydroxi de, and prevents the SAWdevice 10 from depreciation
in el ectri eebustiopavty in CleSiAl¥E Idevzadbi abieniuativhi ahdtreduced ingention dbmnge
into the al um num hydr oxi de may occur, for exanple, near boundary between
t he pi ezoelofdheidevinenmbrathamrdnetniomainb AW dphizes havaye protegtiveHeyetsuni num
hydr oxi de chem cal | y-changed fromthe alum num di ssolves in water easily,
and the di sd% e aguafaceiof arpibgebiectritsudBtoitenges wei ghts of the el ectrodes
~and changes or fluctuates propagation property of the surface acoustic
waves of the pi Morsorer rthe moisiureresistantdplumimnnyphesphase tlagen| idai sum
hydroxi de has a_resistance alnost identical to that -of .an insulator, the

el ect r odes foramed aly omdhe ssudagee of JEbh @dectreday 11t hyissaaking Rjereslaeric

Porned t o REbETAR 10 HAFIILT plsctinged ) info She ARBRRLZh PRGSREOL SolHGCR.
Saw 11 1 ter This chpSauchioR praverts, T e8sne T sShogsst of lumiaind (FGRneos
of ordi nar ShsmiEveTAENE oY i BRe BEaede. wid nients 1BE BAE Vil
o o i PRGSER FhHSh 8RR RIS, bt PLATSRPi A ehe

el ectr

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




substrate 10 in the solution controls the thickness of the al unsnyengsd June
2005 7 phosphate |ayer. The layer is formed for a short period of tine,
and after that, the thickness saturates. Shortest tinme for soaking

provi des the layer wth an approxi matel y-desired thickness. The ammoni um
phosphate solution of pH 3 to 5 suppresses that 5 alum num nmain conponent
mat erial of I DT electrode 11, reflector electrode 12, and connection

el ect r ode pilBgsphiate dhyas &dwilayer fis iformeaddort Authopt perkod oftthee, pndpsitdr es of
the SAWdevice formdeterioration. Dissolution rate of alum num depends on
pH val ue, thad, theithicknessasathyattiss s Shoetest mimdf@ scaking pobuidesthe 18yer
(Exenpl ary Enbodinment 2) Fig. 2 is a plan view of a surface acoustic wave
(SAW el eretth amepprakimgtely-desared thigkmassodi nent 2. Fig. 3 is an enl arged
cross-sectional__view of an essential portion of a SAWdevice. Fig. 6 is an
enl arged cross TBe suamosim phespluteasolasivonof aH phitei  reuipressess

element. Simlar configuration elenents described in enbodinment 1 are
denot e@ byalupEnyapemaincunperentmaterakof )Y electradest; irptleelor elentradsr are
omtted: In the figure, | um pum phosphat e | ayer 1lla ct&vers over alum num

- oxide | ayek? Il coiaciien edeqtyodm 13, digselxes casibaip itnaafl-thugintavenisdeducer
(lon) oleccadeutore B0 S0 g, e soslace, e AT el gt
of a rranmcaiﬁ}n%iuggdgﬁe%dessosn P ‘}arllele,s éb\h gfﬁ/rimcneunli%eagd?yc '%écc)iivg 11;[1%H 3tobd
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, V_and the

descriptions thereof are omitted.




enbodiment 2. Fig. 8 is a schematic view of an anode oxi di zat | gnye oegss of
t he SAWdevice. A manufacturing apparatus is provided with electrolytic 25
solution 71, electrode 72 and power sugply73. Simlar elenments described

i n enbodi nent 1 are denoted by the same reference nunerals, and the
descriptions thereof are omtted. 23 June 2005 8 First, simlarly to
enbodi nent 1, - plural IDT electrodes 11, reflector electrodes 12, and
connecti on el ecFirstjesimibiriyade etdboddinght MRiphhyal KD ededrodets Hi, wetlectorar e
formed on pl at e-shaped pi ezoel ectric substrate 10 by photolithography
(step 61) .eléctTodes 13 samhoommeationi eglect@ode £2 meddecof metalinsinlyteonipsed soaked
in electrolytic solution 71 together with el ectrode 72 nmade of, for

exanpl e, «oft aluthizwems axe| forMedeon splapt-ghaped mittaedediricobubsieatee fieby

el ectrode 72 as a cathode and IDT el ectrode 11 as an anode. The vol tage
anodi zes @hatelthagraphy K$5epdildctrode 11, which is thus covered with an

al um num oxi de | ayer 10 _(step 62). The voI tage applied for_ anodizjing
controbs the thikémeas sowehan Figy 8, piegeelaciricognbetrateodOcisaapaked anvol t age
of 3 to 50V forms, the alum num gxide |ayer of 4 to 70nm_thickness, An |IDT

el ect r ode e3¢ctaphyticceplutipnct] dreefhey Whe?leéﬁ'ﬁdﬁem sradel obyfornexampley i f a
| t lied t h | t ak t _of

el ect Tl yite %F'r%%ﬁ Bovwes mpar dasepbos anfiaged n%eﬁgfﬁ%a%ﬁ%%ure

o 5t o cathoA A T Blstibin A oR Aode: of ol Ragdigs 4 Surfiod °% e

predeterm, eI?D'lr‘ L s, Ofhict IS thilS BovdrBd "G nCEn ' dlulBhiin %}Qﬂie 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 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




dried after being taken out of the ammoni um phosphate sol uti on2y mhe€pos5) .
20 An anmmoni um phosphate solution identical to that of enbodinent 1 is
used. Subsequently, as shown in the figure, piezoelectric substrate 10 is.
di vided by dicing into each SAWel enent 14 having |IDT el ectrode 11,
reflector electrode 12 at both sides of IDT electrode 11, and connection

el ectrode 13 electrically connected to IDT electrode 11 (step 66). 25 As

shown in . Fegrerd albfirfdW @ligsBifer TAb doGdrifbasirfede of teflécteodlecieddes 2 h
al um num oxi de layer lib and al um num phosphate | ayer Ila on the |ayer

lib. . SimlahdyohBedtiin elestfotles 3. A portionnviiiel Abaict amydized isacovered - - - -
--- 23 June 2005 9 covers alum num oxide |ayer 11b covering surfaces of
reflector ehlgcwithddsniidunaphosplratedayen 1td.ecThodkiekhdss éf {her sfuommmim ch i s
not anodi zed i's covered only with alum num phosphate | ayer |la. The ,

t hi ckness afideeyad s tfnmxané thaykickhesstoftthe Znminemdphidsphate kalyaess of
the al um num phosphate layer 5 is order of 0.1nm Then, SAWelenent 14 is
bonded & o jzaderef @9nmy. t he bonding (step 67). Then, connection el ectrode
13 of SAWel enent 14 and external connection el ectrode 16 on package 15
“are connect ed WihenwbAW elengentebt Es8bonditetn packngesl byslie bandmetiteny of
package 15 (step 69), thus providin 10 the SAW devi ce sho in th
figure. Pré rt“Bbgn,ofcorpnectwq!@qﬁr%% déc of HAY edereppbdl sxigrpel pe

descri bed. Fig. .5 shows variation of _a center fyequeng f each. . SAW
devi ce conndetion electrode 16 on package 15 are connectec{ with wire 17 (step gB).

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.




‘according to enbodi rent 2 and a SAW devi ce havi ng no al um num 23hnpb@iSphat e
l'ayer on the IDT surface after a certain tinme in an atnosphere of

2. 03x105Pa and 100% hum dity. Each SAW@evi ce operates as a SAWfilter
having a center frequency of 2.14GH#z. As shown in Fig. 5, the center
frequency (curve A) varies by approximately 18% after the certain tine.in
the SAWdevi ce having no 20 alum num phosphate |layer. This is because

al uni num a nai Moreaymmedummuey oe;hdeoflay@T ldbe formeetk Hetweehealwminiumchanges
to al um num hydroxi de, and increases i ght of I1DT electrode 11 due to
moi sture aPbosphatalayen treeand IDT ﬂ'llﬂétr@@ﬁtlé rpmwemewawr(féfamvmelmeamn es
little after 40hours _ in the SAW 25 device according to enbodi nen .

the SAW de¥pesAY| daviepuhavigssdpmipem) oxide 1 mﬁbaﬁt@péﬁfﬂv@@@@g efej ng

B U U PORRSHE PSR AR RRRET RS HATe G deyisen Besthe oms, TREXi de
o1 tvent® vBRUPHAE AYEER N SRS devi co. havi ng al uni num ox] de. | ayer
L 00 onal e el L (LS CSLELaTh DEORSLLI P LI AY
R T e s AN e
e A 1 S TR TR0
' 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 plezoelectric substrate, and A 1s 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,




10 phosphate layer Ila is preferably limted to a m ni num val ugs rhé 20051 ve
to prevent |IDT electrode 11 fromchem cal change. In the enbodi nents, the
t hi ckness is out of precision |imt of tprdi nary neasurenent equi pnent, but
supposedly is order of 0.1nm Additionally, increase of |IDT el ecrodell
nmakes a passing frequency 15 band shift toward |ower frequency. Therefore,

~ the passing frequency band of IDT electrode 11 is preferably set higher

initially dapableftfrminglaevitepiepellehts w&ehﬁlvgelayfete@tlﬁbma tle canmEensat e
the frequency variation due to al um num phosphate |ayer Ila. The frequency
f is detereffevtsl hiore fspecifically,f other/ phosphatebhempable of dosmimgl avetvaterty in
pi ezoel ectric substrate, and Xis a 20 wavelength determ ned by a finger
pitch of tiepelleit ptadettivellmyeAcanbediusgdt 0 t he enbodi ments, the amoni um
phosphate solution is used as a phosphate solution. Any acidic solution

i ncl udi ng phosphorous- ion, preferably of pH 3 to 5, can form al um num
phosphate layer Ila effi CI ently without danmagi ng the |IDT el ectrode. 25

Al um ndm phosphat e | ayer &ﬂﬂﬂﬁlr A% i—gTﬁfed on the I DT el ectrode
prevents water form Wper rreatl on, _.and thus prevents al umi num from chem cal
change. Any matAr$AW devicer acooxding (b ﬂlﬁnlpﬁ@%fp%t%m udes) e abwmanuny
capabl e of for a water-repe]lent pr Y ayer. exhi bi t sanme
effects. I\R)‘%‘Epg'ﬁ?g\aﬁ’%ﬁ‘l"r%m%t) ro‘fﬂ‘?cﬁbﬁé’fé’i E&A@o e‘gjé‘fm‘f%”i’rlpi’ﬁsﬁ 3t er -
repel | ent .prot ecti%F Ia}ier can. be used. Béél NDUSTRI AL PLI CABLLI TY A. SAW
devi ce acdBVeR HgPttolormedan ewtinges philegarlectrie sikitrals petween fingers 0

the IDT electrode. The SAW device is moisture-resistant and does not

.10  deteriorate in electrical properties.




phosphate | ayer covering only over an |IDT el ectrode. Al um num phe&phmse

| ayer is not formed on surfaces of piezoelectric substrate between fingers
of the IDT electrode. The SAWdevi ce i@ noi sture-resi stant and does not

10 deteriorate in electrical properties. 23 June 2005 12 CLAIMS 1. A
surface acoustic wave (SAW device conprising: a piezoelectric substrate;
an el ectrode containing alum numon said piezoelectric substrate; 5 and an

al um num phosphat e | ayer covering onCy.AINMES said el ectrode. 2. The SAW
device of claim1, further conprising: an al um num oxi de | ayer over said

el ectrode. 10 B. Abarfed/adoustie waivedBAWN deviedhesrepnistizg:d el ect r ode

I ncludes an inter-digital transducer (IDT) electrode. 4. The SAW devi ce of
cl ai m 3, wherei n saipdezledexttricdmbitmatérer i ncl udes 15 a reflector el ectrode
di sposed around said |DT el ectrode. 5. A nmethod for manufacturing a surface
acoustic wave (SAWnddedtrede cagaingialygmihuemsor ssidpiezoelectige aubsrates r ode
contai ning alum num on a piezoelectric 20 substrate; and form ng an

al um num pﬁb@phat e layer over the el ectrode through soaking the

pi ezoel ectric substrate i.n solutign containing phosphorous:-jan.
' 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.




6. The nethod of claim5, wherein said step of form ng the al ugd ”mez0035
phosphate | ayer conprises the sub-step of having the al um num phosphate

| ayer have a thickness for making the dglgectrode have an identi cal

el ectrical .property before and after the alum num phosphate |ayer is
formed. 23 June 2005 13 7. The nethod of claim5, wherein the solution has
an acidity of pH3 to 5. 5 8. The nethod of claimb5, further conprising
the step of: formng an al um num oxi de | ayer over the el ectrode by

anodi zi ng. ABSTRACT A SAWdevice is highly noisture-resistant, and thus,
does not det er ¥or The metheidadictdiant, whepsdntthe sohRior his sawcainefpld each
havi ng | DT el ectrodes nmainly conposed of alum numare fornmed on a

pi ezoel ectta 8. substrate. Then, the piezoelectric substrate is soaked in a
sol uti on -containi ng phosphorous-ion, washed in water, and dried after

bei ng taken  out of the solution. The piezoelectric substrate is then
divided by dicing into each SAWelement after the elenment is neasured in
frequercy char &ct Ehe methodof dlador b.furthraympnisingdhestemetit i s nounted to

a package and electrically connected with a wire.. Then, a |id closes an
openi ng of the pafkagiagan aluminum oxide layer over the electrode by anodizing.






