;N _e3eFC. 6T3:!14 OCT 2002 METHOD OF MANUFACTURI NG Pl EZCELECTRI C DEqui
BACKGROUND OF THE I NVENTION 1. Field of the Invention The present i nb&MGT IR
relates to a nethod of manufacturing a piezoelectric elenment such as a
surface acoustic wave device, and nore specifically, the present invention
relates to an inprovenent to a nmethod of manufacturing individual

pi ezoel ectric elenents by dicing a wafer having electro ncl ude
Al or Al alloy, on a piezoelectric substrate. 2. Descrl m ,ﬂﬂ @Related

Art When manufacturing plezoelectrlc etenents such as a su

stic

wave device, a nother wafer is first prepared and then is diced to obtain
i ndi vidual piezoelectric elenents in order to inprove mass productivity.

More speci fi cal | wemelors torodesiurader Ui NGl e A8k 1aldTrameyarrred on a

pi ezoel ectric substrate consisting of a piezoelectric materi al

to forma

waf er, and the individual piezoelectric elenments are obtained by dicing the
waf er. When dicing the wafer, a nmethod for dicing the wafer while cooling

t he waf eBAGKGROUNDt DEgTHAL ENVENSIDNen popul ar. However, fragnments and
cutting dust fromthe piezoelectric material are generated fromthe

pi ezoel ettri Eislbsbfatbe In¥4n®ilGnT 2002 - 2 during the dicing, which
results in the fragnments of the piezoelectric material being adhered to
surfaces of efretpoeesnt|hneeitisonredapest fonaohethedppézoel ectric
material is dissolved in the cutting water, which corrodes the el ectrodes.
As a res%@BUfﬁﬁﬁuéﬁéﬂaét@ﬁﬁ@?ﬁé?céﬁthé1&m@2§eﬁé§brﬁ@ él evEfEsepr oduced

according to this nethod are degraded.

acoustic wave device, and more specifically, the present

invention relates to an improvement to a method of

manufacturing individual piezoelectric elements by dicing a

wafer having electrodes, which include Al or Al alloy,

piezoelectric substrate.

2. Description of the Related Art

on a

When manufacturing piezoelectric elements such as a

surface acoustic wave device, a mother wafer is first

prepared and then is diced to obtain individual

piezoelectric elements in order to improve mass productivity.

More specifically, electrodes made of Al or Al alloy are

formed on a piezoelectric substrate consisting of a

piezoelectric material to form a wafer, and the individual

piezoelectric elements are obtained by dicing the wafer.

When dicing the wafer, a method for dicing the wafer

while cooling the wafer with cutting water has been popular.

However, fragments and cutting dust from the piezoelectric

material are generated from the piezoelectric substrate
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I.n order to solve the above-described problem a protective filn1such§ﬁcﬁ2m2
passivation filmconsisting of Si02 is disposed on a surface having t

el ectrodes of the wafer forned thereon before dicing occurs. However, in
t'he above-descri bed nmethod for formng the protective film problens occur
in that an unnecessary process for formng a protective filmfor the
finished piezoelectric elenents nust be added, a manufacturing process
beconmes conplicated, and the cost is_ipcreased. In addition, even when the
protective filmis fornmed, the electrital characteristics of the obtained
pi ezoel ectric elenments are sonetinmes | ower than design values, or the
nondefective ratio is not sufficiently high, possibly due to the adhesion
of powdedarahgt haepidezdekhectwhichmetenilak denehat €dabyedtei 6g the wafers.
Furt her, when using a wafer having el ectrodes thereon by formng a netal
fil mconpistbrfeckrde Abtelriay brihbeaghezreel ¢ot suefsubst oite and et ching
the nmetal filmwth 14 0 C T 2002 - 3 plasma using a hal ogen-contai ni ng
gas sucheasc€Eddesd CI2, addisiwafer bavitngnaofr éheeptgzohaecitsitri nmed by
etching the substrate after formng the el ectrodes, a hal ogen el enent such
as Cl andatewopRs igs dassodivédziingthgenuttand wapesbhl whiobcapgriodeshat the
el ectrodes are corroded. SUMVARY OF THE I NVENTION In order to overcone the
pr obl enstBesedepédosiesve, Aﬁréféﬁﬁéétenﬁbeiﬁéﬁﬁécﬁﬁrﬁﬁéiﬁﬁe§§nthﬁnvention
provi de a nethod of nmanufacturing a piezoelectric elenent that produces
plezoeleEﬂ?F@eéF€ﬁéHFéeﬁémeﬁﬁseﬁééﬁp§ﬁp eraraciepi §pi E8ianmehird ane

excel | ent, non-defective ratio without formng any protective filns before
di ci ng. degraded.

In order to solve the above-described problem, a
protective film such as a passivation film consisting of
Si0; is disposed on a surface having the electrodes of the
wafer formed thereon before dicing occurs.

However, in the above-described method for forming the
protective film, problems occur in that an unnecessary
process for forming a protective film for the finished
piezoelectric elements must be added, a manufacturing
process becomes complicated, and the cost is increased.

In addition, even when the protective film is formed,
the electrical characteristics of the obtained piezoelectric
elements are sometimes lower than design values, or the non-
defective ratio is not sufficiently high, possibly due to
the adhesion of powders of the piezoelectric material
generated by dicing the wafers.

Further, when using a wafer having electrodes thereon
by forming a metal film consisting of an Al alloy on the

piezoelectric substrate and etching the metal film with



According to a preferred enbodi nent of the present invention, a nethod af

manuf acturi ng a pi ezoel ectric el enent includes the steps of formng &

4 0CT 2002

el ectrode including an Al alloy on a piezoelectric substrate made of a
pi ezoelectric material, form ng a piezoelectric el enent by exposing t

el ectrode to plasma using a hal ogen-contai ni ng gas,

while cooling the wafer with cutting water, wherein the cutting water
i ncl udes a conpound for reacting mﬁpp:ﬁl_to forma protective filmon
surface of the electrode. At |east one kind of phosphoric acid and
phosphate is preferably used for the conpound that is included in the
O CT 2002 - 4 cutting water, and at |east one material selected fro
group caqrisdasha ngs diig cal lca Lo dvy-ele ogeaphbsyhes €, seeath ca sinCHj hyed agenplasphat e
and sodi um hydrogenphosphate is preferably used for the phosphate. In
addi ti omg wakefihstimmda sEceaqadenpeef enaedi & nbodhmedtisy cabhcbhéngr eher abl y used
when a surface acoustic wave device is manufactured as the piezoelectric

el enent .s\@rheratearfires, Letrimnt she chbeatredéest i zshahdgadvahengss of the
invention will becone nore apparent fromthe follow ng detailed
descri pt3@wdh ods prbf @rd el woblodli #2ndR QkiAlzEnGrageRtt canfeaaprabhen
drawi ngs. BRI EF, DESCRI PTI ON OF THE DRAWNGS Figs. | A and 1B are a pla
of a waf@FCEHs ben pklaphr bl R ERFHI PGS s 02 Be pFeF EPHed- enbodi ment of the
i nvention, and a cross-sectional view thereof through the |ine B-B,
respectively; Fig. 2 is a graph show ng the attenuation-frequency
characteristic of a surface_ac ti e L btained in Exanple 1

Fig. 3 is a graph show ng ngMggﬁeHéé&%én;%§§ﬁﬁgﬁgy characteristic of a
surface acousfi C ve devi ce obt ai.ned ilfnob@egrtpsir tive, E%?@xlagvel,; Fig. 4is a

pr esent

pr esent

phot o show ng g O'srhaepre Bt DR e B

Oecslc erO%
preferred embodiments of the present invention provide a
method of manufacturing a piezoelectric element that
produces piezoelectric elements having excellent
characteristics and with an excellent non-defective ratio
without forming any protective films before dicing.

According to a preferred embodiment of the present
invention, a method of manufacturing a piezoelectric element
includes the steps of forming an electrode including an Al
alloy on a piezoelectric substrate made of a piezoelectric
material, forming a piezoelectric element by exposing the
electrode to plasma using a halogen-containing gas, and
dicing the wafer while cooling the wafer with cutting water,
wherein the cutting water includes a compound for reacting
with Al to form a protective film on a surface of the
electrodé.

At least one kind of phosphoric acid and phosphate is

preferably used for the compound that is included in the

he

and dicing the wafer

a

114
mt he

n view



-5 the surface acoustic wave device obtained in Exanple 2; and Fi 94 5 ¢T5 0
a photo showi ng a shape of an el ectrode of the surface acoustic wave éeg CQ
obtained in Conparative Exanple 2. DETAI LED DESCRI PTI ON OF PREFERRED

EMBODI MENTS The present invention will be described in detail with
reference to preferred enbodi nents thereof. In various preferred

enbodi nents of the present invention, an electrode including an Al alloy is
di sposed on a piezoelectric substrate that is preferably made of or

i ncludes a piezoelectric material . Thef the wafer havi ng el ectrodes thereon
is etched using a hal ogen-containing gas to adjust the frequency
characteristics of the surface acoustic wave device. The piezoelectric

mat eri al ceansitrid uid gt iz delead rdre suhisiriatle desl e S RGmMlthe |1 m ted,
and a piezoelectric single crystal such as Li Ta03, LiNbO3 and quartz, or a
pi ezoel egfdup cesrest <t UL o fasc #l diidnanatdy o anpdiraiph d tegd edrdnc may be
used. O her suitable materials nmay al so be used. The material constituting
t he el ectdidgesrqyevydesphat d lendisexbieine ¢tyrd o ganpdtosatheties irsot speci al |y
limted either so long as it is an Al alloy, and an Al-Cu alloy, an Al-Ti

al | oy or potafearaiy abded fetertiled mwspdlate be used. 14 0 C T 2002 - 6 The
el ectrodes including an Al alloy are etched using the hal ogen-containing
gas. The hal od&nageiitdioni n§hgad lirsthends pecpar] preifricred, cakgdtvensganyl e,

t he hal ogencontai ni ng gas that_ has been generally used in the etching of

el ect r odé&bfP& Ry eIt e Hifthtd a1 fAass Beauss fhoarke agv4.cec12 and
BC13. The specific etching nethod of the electrodes is not Iimted, and any

known metifodialdht et Wik Gt i e IR AR I HG @RS o t he shape of the

el ectrode of %%%Si red gli ezoel ectri ¢ el egent. In,v%r,ious preferred

enbodi nents o & 5%@5 fE Sir nGERTERT S it KEAFRELEEEEEEFPc 2BFement can be
obt ai ned by di,cing th fer while cooling it wi.th cutting water. Any
convent i (%%’Iandﬁ% e?lsg c(’jévf}q%e pH‘:aevsienngt alnd’lrecrlltnjg nsé’v%lvfclarlloeoceomues T Dur i ng the

di ci ng, j i i by £ 1.0 . t waf er. The
cutting \%ﬂt{%dr%%ﬁf%ﬁi%g@_ i clllﬁg”lpr%e%ra Jlly(:’l?:?r?(sﬁesﬁCI elcsm:a%q{:norép%und that reacts
with Al todormah disit atddiss fld iR oty frace Rl Arflpe rode. Such a

conpoundis not specially limted so long as it reacts wth Al to form an
i nsul ati rrdddgs and the use of phosphates such as cal ci um

hydr ogenphosphat e (CaHP09) cal ci um di hydr ogenphosphat e Ca( HZP®9) 2 and
sodi um hydr ogenphosphat e (NaHP04), or phosphoric acid can be illustrated.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A and 1B are a plan view of a wafer to be
prepared according to a preferred embodiment of the present
invention, and a cross-sectional view thereof through the
line B-B, respectively:;

Fig. 2 is a graph showing the attenuation-frequency
characteristic of a surface acoustic wave device obtained in
Example 1;

Fig. 3 is a graph showing the attenuation-frequency
characte;istic of a surface acoustic wave device obtained in
Comparative Example 1;

Fig. 4 is a photo showing a shape of an electrode of



r Simlarly, the concentration of the conpound to form 14 0CT ZQQQOCTZWZ
the insulating filmcan be appropriately determ ned according to the

mat erial of the conpound so long as the insulating filmcan be forned. The
concentration of the conpound is generally about 1 x 10-5 nol %to about 1 x
10-3 mol o . The tenperature of the cutting water for dicing is determ ned
to cool the wafer, and is generally about 15C to about 30C. In preferred
enbodi nents of the present invention, dicing is achieved while cooling the
waf er using cutting water including the above-described conmpound. Since the
conpound is included in the cutting water, the conpound reacts with Al in
the electrode including an Al alloy to forman insulating filmon the
surface ohet baréheet nodastEer waxanpeeicehebtadhedutnhysaagarpi2osphat e i s
used for the compound, an insulating filmincluding alum num phosphat e
(A1PO4) is foFngd Bnishe shotacehofindea eslegpe od€. adhasecthedsusface of the
el ectrode is covered by the insulating filmand protected thereby, the
corrosi otthef sulrd ackeacoudds iat waivieutielblieet obanynkdl dgeloslparerttivean be
effectively suppressed even when the hal ogen el enent such as F and Cl
remai ns &keaplehé.et ching using the hal ogencontaining gas. Even when the

el ectrode is etched using the hal ogen-containing gas, a piezoelectric

el ement with nmuch | ess easily degradable electric characteristics can be

14 0 C T 2002 _8 rovided. Various preferred enbodi nents of the present

i nvention will bQEEﬁEEFPi PEPCHLIHELEN BEAPRFFRRREPENREEIMENTRe f ol | owi ng
non-limting exanples. A wafer 1 sho in Fiig. 1A i obtained.by.formng a
Toral i1 m i THeaBERPERheSEVERCABBUY. BOCP BT PAEF AP Ao AndRESEh HiFBy

di sposed _an the entire surface aof .a LiTa03 single crystal substrate with a
t hi cknes$ “6f "&B5t Ri;ﬁ§4ﬁ%rﬁgﬁde&Pyﬁéﬁgﬁgﬁg%Fﬁge 5§strate. In the wafer 1

o BhephCOuse! EARTUCER Rl HEAUAL 192" AL Buelby e prov ded
invention, an electrode including an Al alloy is disposed on
a piezoelectric substrate that is preferably made of or
includes a piezoelectric material. Then the wafer having
electrodes thereon is etched using a halogen-containing gas
to adjust the frequency characteristics of the surface
acoustic wave device.

The piezoelectric material constituting the
piezoelectric substrate is not specially limited, and a
piezoelectric single crystal such as LiTaOj;, LiNbO3 and
quartz, or a plezoelectric ceramic such as a titanate
zlrconate lead ceramic may be used. Other suitable
materials may also be used.

The material constituting the electrodes provided on
the piezoelectric substrate is not specially limited either

so long as it is an Al alloy, and an Al-Cu alloy, an Al-Ti

alloy or other suitable material can also be used.



Next, the wafer 1 is diced along a one-dot chain line Ain Fig. IAto
obt ai n i ndividual piezoelectric elenents. Wien dicing the wafer, a ckd 801400
hydr ogenphosphat e agueous solution set to the tenperature of about 25C was
used for the cutting water in which cal cium hydrogenphosphate (CaHP09) is
di ssolved in water at a concentration of approximately 1 x 10-4 nolo. As
descri bed above, the wafer 1 is diced, and a surface acoustic wave device

i s produced including a piezoelectric glgnent. Fig. 2 shows the frequency
characteristic of the surface acoustic wave device. The solid line Ain
Fig. 2 indicates an expanded characteristic using the scale on the right
side of the vertical axis. For conparison, the surface acoustic wave device
was 1 4 0 Crie2802ctrgdesohhalneadinhyadi Binglibe wakeetdhadnubangto the
abovedescri bed net hod except that pure water containing no cal cium

hydr ogenphes pladtcgyenas onted ndsidt lyascut Theg hadtoeren kot a3 ndinowsatshé sf r equency
characteristic thus obtained by the Conparative Exanple 1. The solid line B
in Fig. 8ottndipeatied lan ldxpdeded acldarfact exiagipile,usheg helegenal e on the ri ght
side of the vertical axis. As clearly shown in the conparison between Figs.
2 and 3, cohdaduriingt @agc dlstti dagalne ede giete raddar diseg tim Ehemsitehingan

i ncrease the band width and reduce the variance in insertion loss in the
pass ban@fcehsate®@dfist P 1fe PAGHPSLEGLYE cEedippleat] andh syBEradesnpl es, a
metal filmwth a _thickness of about 200 umi ncluding an Al-Cu al |l oy was
formed oAPCH&MNGine Shefard BFla piezoelectric substrate nade of a crysta
with a thickness of about 0.35.,mm and then, [nterdigital el ectrode

't ansducer s 5 ER0RREEA LHEqCt SRIB! BT BPRoq by Meb LECERPRES $REROC he

substrat e . was exposed to 9 pl as to etch the porti,ons.of the .supstrate
That  ar e LAUE CeOveARH I8 MR D EARK e By GEBEEY \ARE o (ARG Corhe

t hus- O.bt %'c%%q:dﬁ{ﬂertol t&@es sqila%ged ot rE‘hlearer_llte(?:t loef Ja £ s(igle"a n the sur f ace
acoustic wave devi ce. For ‘conparison, the surface acoustic Wave device in

Conpar at iMe xanglis 1% Washiai ned simlar to the abovedescri bed Exanple 2
except that the NaHCO3 aqueous sol ution 14 0 CT 2002 - to was used as

the cutting wahekarioRlsapee@brirBa cAKBImMaAYE0WS 88kUbr@Benthe surface of
the el ectrode was anal yzed by XPS on the surface acoustic wave device

accor di ng rivenfedam) et tl deiadctaam gt Rt Abtaigetalsi um was

detected. It was thus ascertained that Al reacted with cal ci um

hydr ogenpliesphatthd ard R imvh ide raasildmg 63 sdiaM ARG Watden.  Any
conventional dicing device having a dicing saw can be used.

During the dicing, cutting water is applied to a

cutting section of the wafer. The cutting water used during
dicing preferably includes a compound that reacts with Al to
form an insulating film on the surface of an electrode.
Such a compound is not specially limited so long as it
reacts with Al to form an insulating film, and the use of
phosphates such as calcium hydrogenphosphate (CaHPQO4)
calcium dihydrogenphosphate Ca (H;PO4)2 and sodium
hydrogenﬁhosphate (NaHPO4) , or phosphoric acid can be

illustrated.

¢ Similarly, the concentration of the compound to form



Figs. 4 and 5 show photos of the IDIT of each surface acoustic wave dF 'Octﬁ 2002
according to Exanple 2 and the Conparative Exanple 2. As clearly sho

t he conparison between Figs. 4 and 5, it is understood that the quality of
the el ectrodes is greatly inproved by the conpound of P and Al in Exanple 2
usi ng a CaHP09 aqueous sol ution conpared with that in Conparative Exanple
2. Inthe first preferred enbodi nent of the present invention, the cutting
wat er contai ni ng the conpound which reacts with Al to forman insulating
filmon the surface of the electrodes including an Al alloy, and the
insulating filmis formed when dicing wafers. Thus, the corrosion of

el ectrodes is prevented by the insulating film The el ectrodes are etched
usi ng t heHealiogantaointai filmy qpas ,bearapbpencgrr iwtter vt e teadndgesd el enent

remai ns, the , corrosion of electrodes by the hal ogen elenent is reliably
pr event echdpnondieng rnsultdte mptfetiml afd thepicmpalvect ricc ledreyrerd thie h
excel l ent and stable electric characteristics rT- 11 is reliably

provi ded.irfRwrkdieing i fi n Cevdrd iforaledyvet Wod, cenSiedt nartataectdfvetfd | m or
other protective filmnust be formed before the dicing in order to prevent
corrosi ofPAH el ecdenriast 1 wfilants ek d Gr orekt i ve #howk need not be
formed at_all in the first preferred embodi ment of the present invention.
Thus, pidzdel’dtirPelétenents with excel l ent characteristics can be
efficiently and i ied in preferred enbodinents of the

i nexpensi vely suppl
present inventTg‘ﬁn.te%%&?aiPrleeé’gt [%glﬁecb’fttllﬁg @Sﬁﬁ6u%8§ ArcitdedSin the
Cutting ter _selected fraom ro conprj sing Cal ci.um hydr phat e,
cal ci um \(lﬁi%m]g%% h%%p%oacf ,tqb%ows or'i Eg)rhdci]f %r?dlesrcﬁ}i m ?@%ﬁa%ggﬁgﬁasphate
i s used, atbrlﬁﬁf %(fas@unds react with AL to forma stable insulating filmon
the surface o € ‘el ectrodes, and Corrosion of the electrodes is further

reliably prevepl ef.e cHhsdy Bl mBhELORlEethil £, 8LeRnt aybhal Br e appl i cabl e

to the present 1nvention are not specially Tl However, digita

el ectrodep; Ofnd Nes SHEH BERe AGAYSTd CIRVE JRH L8 1M Nk iohd ana& fHyrber of
smal| digital electrodes are easily corroded, and preferred enbodi nents of

the presepitd vl ey ecred fasdveralasaisiaskd edticurdype sifndd ezpel ectric
el enent. While the present invention has been particularly shown and
descri bedamgdurn@f £s encel udepriaf ertheederthiod merdes t itteedompdund | | be
understood by those skilled in the art 14 0 C T 2002

reacts with Al in the electrode including an Al alloy to

form an insulating film on the surface of the electrode.

For example, when calcium hydrogenphosphate is used for the

compound, an insulating film including aluminum phosphate

(AlPO4) is formed on the surface of the electrode.

Thus, the surface of the electrode is covered by the
insulating film and protected thereby, the corrosion of the
electrode attributable to any halogen element can be
effectively suppressed even when the halogen element such as
F and Cl remains after the etching using the halogen-
containing gas. Even when the electrode is etched using the

halogen-containing gas, a piezoelectric element with much

less easily degradable electric characteristics can be



--12 that the foregoing and other changes in formand details can be| I'HBQEZUUZ
W t hout departing fromthe spirit and scope of the present invention.

0O CT2002 - 13 WHAT IS CLAIMED IS: 1. A method of manufacturing a

pi ezoel ectric elenent, conprising the steps of: providing a wafer nade of a
pi ezoel ectric material and having an el ectrode that includes Al or an Al
alloy; and dicing the wafer while applying cutting water to a cutting
portion of the wafer, the cutting ma[e% i ncl uding a conpound that reacts
with AL to forma protective filmon a“surface of the electrode. 2. A

met hod of manufacturing a piezoelectric elenment according to claim1,
further conprising the step of exposing the wafer to a plasna including a
hal ogen ga®yvided.

Various preferred embodiments of the present invention
will be specifically described with reference to the
following non-limiting examples.

A wafer 1 shown in Fig. 1A is obtained by forming a
metal film with a thickness of about 300 pum including an
Al-Cu alloy disposed on the entire surface of a LiTaO;3
single crystal substrate with a thickness of about 0.35 mm,
and dry-etching the substrate. In the wafer 1, interdigital
electrode transducers 2 including an Al-Cu alloy are
provided on a piezoelectric substrate 2.

Next, the wafer 1 is diced along a one-dot chain line A
in Fig. 1A to obtain individual piezoelectric elements.
When dicing the wafer, a calcium hydrogenphosphate aqueous
solution set to the temperature of about 25°C was used for
the cutting water in which calcium hydrogenphosphate
(CaHPO4) is dissolved in water at a concentration of
approximately 1 x 107! mols.

As described above, the wafer 1 is diced, and a surface
acoustic wave device is produced including a piezoelectric
element. Fig. 2 shows the frequency characteristic of the
surface acoustic wave device. The solid line A in Fig. 2
indicates an expanded characteristic using the scale on the
right side of the vertical axis.

For comparison, the surface acoustic wave device was



before the dicing step. 3. A nethod of manufacturing a piezoelectric
el enent according to claim2, wherein the el ectrode i s etched during 1tsheCT 2002
exposing step. 4. A nmethod of manufacturing a piezoelectric el enent,
conprising the steps of: providing a piezoelectric substrate; form ng an
el ectrode that includes Al or an Al alloy on the piezoelectric substrate by
exposi ng the wafer to a plasma including a hal ogen gas; and 14 OCT 2002 -
14 dicing the wafer while applying guéting water to a cutting portion of
the wafer, the cutting water including”a conpound that reacts with Al to
forma protective filmon a surface of the electrode. 5. A nethod of
manuf acturing a piezoelectric elenent according to claim4, wherein the
el ect rodebkaiekdheg diring the wafer 1 similar to the above-
described method except that pure water containing no
calcium hydrogenphosphate was used as the cutting water.
Fig. 3 shows the frequency characteristic thus obtained by
the Comparative Example 1. The solid line B in Fig. 3
indicates an expanded characteristic using the scale on the
right side of the vertical axis.
As clearly shown in the comparison between Figs. 2 and
3, the surface acoustic wave device according to Example 1
can increase the band width and reduce the variance in
insertion loss in the pass band compared with the
Comparative Example 1.
In other examples, a metal film with a thickness of
about 200 pum including an Al-Cu alloy was formed on the
entire surface of a piezoelectric substrate made of a
crystal with a thickness of about 0.35 mm, and then,
interdigital electrode transducers 2 shown in Fig. 1A were
formed by wet etching. Then, the substrate was exposed to
CF; plasma to etch the portions of the substrate that are
not covered by the metal, and the frequency was trimmed.
The thus-~obtained wafer 1 was diced similar to Example 1 to
obtain the surface acoustic wave device.
For comparison, the surface acoustic wave device in

Comparative Example 2 was obtained similar to the above-

described Example 2 except that the NaHCO3 aqueous solution



t he exposing of the wafer to the plasma including the hal ogen gas. Q% @CTZ%Z
nmet hod of manufacturing a piezoelectric elenment according to claim1 or
claim4, wherein the conpound is selected fromthe group consisting of
phosphoric acid, hydrogenphosphates and di hydrogenphospates. 7. A method of
manuf acturing a piezoelectric elenent according to claim1 or claim4,
wherein the cutting water includes the conpound having a concentration
within about 1 x 10-5 nol % to about 1 10-3 nol % . 8. A nmethod of

manuf acturing a piezoel ectric el enent cording to claim11 or claim4,
wherein the conpound is selected fromthe group consisting of cal cium

hydr ogenphospat e, cal ci um di hydrogenphosphate and sodi um hydr ogenphospat e.

1 4 0 C #a8008ed 45 tfe Aufeihodwafernnul pehuei B @hRi €a@bgChgh&oes enent
according to claiml or claim4, wherein the wafer is nmade of a materi al
sel ect edsblLamibhe group consisting of quartz, LiTa03 and Li Nb03.

The surface of the electrode was analyzed by XPS on the
surface acoustic wave device according to Example 2 to
detect compounds of P and Al. ©No calcium was detected. It
was thus ascertained that Al reacted with calcium
hydrogenphosphate to form a corrosion-resistant (Al1PQO,;) film.

Figs. 4 and 5 show photos of the IDT of each surface
acoustic wave device according to Example 2 and the
Comparative Example 2. As clearly shown in the comparison
between Figs. 4 and 5, it is understood that the quality of
the electrodes is greatly improved by the compound of P and
Al in Example 2 using a CaHPO, aqueous solution compared
with that in Comparative Example 2.

In the first preferred embodiment of the present
invention, the cutting water containing the compound which
reacts with Al to form an insulating film on the surface of
the electrodes including an Al alloy, and the insulating
film is formed when dicing wafers. Thus, the corrosion of
electrodes is prevented by the insulating film.

The electrodes are etched using the halogen-containing
gas, and even when the halogen element remains, the
corrosion of electrodes by the halogen element is reliably
prevented by the insulating film, and a piezoelectric

element with excellent and stable electric characteristics



10. A method of manufacturing a piezoelectric elenent according to claim1l
or claim4, wherein said piezoelectric elenment constitutes a surface
acoustic wave device. 11. A nethod of nmanufacturing a piezoelectric el enent
according to claiml or claim4, wherein the electrode is nade of one of an
Al alloy, an Al-Cu alloy, and an AI-Ti alloy. 12. A nethod of manufacturing
a piezoelectric ehcnent according to claim2 er;glaim4, wherein the

hal ogen cont ai ni ng gé§lu§ gne of CF9, Cl12 and BCl3. 13. A nethod of

manuf acturing a plezoelectr Ycpebeprnt according to claim11 or claim4,
wherein the tenperatuﬁ@rqf the cu???%g wat er used during the dicing step is

about 15C to abowt ,30C. T, in
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WHAT IS CLAIMED IS:
1. A method of manufacturing a piezoelectric element,
comprising the steps of:
providing a wafer made of a piezoelectric material and
having an electrode that includes Al or an Al alloy; and
dicing the wafer while applying cutting water to a
cutting portion of the wafer, the cutting water including a
compound that reacts with Al to form a protective film on a

surface of the electrode.

2. A method of manufacturing a piezoelectric element
according to claim 1, further comprising the step of
exposing the wafer to a plasma including a halogen gas,

before the dicing step.

3. A method of manufacturing a piezoelectric element
according to claim 2, wherein the electrode is etched during

the exposing step.

4. A method of manufacturing a piezoelectric element,
comprising the steps of:

providing a piezoelectric substrate;

forﬁing an electrode that includes Al or an Al alloy on
the piezoelectric substrate by exposing the wafer to a

plasma including a halogen gas; and
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dicing the wafer while applying cutting water to a

cutting portion of the wafer, the cutting water including a

compound that reacts with Al to form a protective film on a

surface of the electrode.

5. A method of manufacturing a piezoelectric element

according to claim 4, wherein the electrode is etched during

the exposing of the wafer to the plasma including the

halogen gas.

6. A method of manufacturing a piezoelectric element

according to claim 1 or claim 4, wherein the compound is

selected from the group consisting of phosphoric acid,

hydrogenphosphates and dihydrogenphospates.

7. A method of manufacturing a piezoelectric element

according to claim 1 or claim 4, wherein the cutting water

includes the compound having a concentration within about 1

x 107° mol% to about 1 x 103 mols%.

8. A method of manufacturing a piezoelectric element

according to claim 1 or claim 4, wherein the compound is

selected from the group consisting of calcium

hydrogenphospate, calcium dihydrogenphosphate and sodium

hydrogenphospate.
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of a material selected from the group consisting of quartz,

LiTa0O; and LiNbOs.

10. A method of manufacturing a piezoelectric element
according to claim 1 or claim 4, wherein said piezoelectric

element constitutes a surface acoustic wave device.

11. A method of manufacturing a piezoelectric element
according to claim 1 or claim 4, wherein the electrode is
made of one of an Al alloy, an Al-Cu alloy, and an Al-Ti

alloy.

12. A method of manufacturing a piezoelectric element
according to claim 2 or claim 4, wherein the halogen-

containing gas is one of CF4, Cl; and BClj.

13. A method of manufacturing a piezoelectric element
according to claim 1 or claim 4, wherein the temperature of
the cutting water used during the dicing step is about 15°C

to about 30°C.



