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DEVI CE AND ELECTRONIC UNIT The present invention relates to a surface
acoustic wave device and an electronic unit including th mmmmmmmﬁPstic
wave devi PETARD2109984i n a conmuni cati on apparatus or thejmmwg

BACKGROUND ART A conventional method far reducing | oss of a sykisgce
acoustic wave (SAVE device is known in which el ectrode groups each
consisting of an interdigital electrode and a comon portion are spaced by
nl/4 of a 15 wavel ength (where n DESE@RIZAIONary i nteger), and a phase
shifter is connected to allow a surface acoustic wave to propagate in a
single direction for reducing a conversion loss. This nethod can
effectively reduce the conversion | oss 8¥ reventing bi-directional
excitation ofSURFAGEAQUatJisWAVERAVE ﬁtANiHbE ERONIESUNET 20 a
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determned 25 within 1/8 of th ’ Ry the finger of the
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communication apparatus or the like.

10
BACKGROUND ART
A conventional method for reducing loss of a surface acoustic wave
(SAW) device is known in which electrode groups each consisting of an
interdigital electrode and a common portion are spaced by nzl/4 of a
15 wavelength (where n is an arbitrary integer), and a phase shifter is
connected to allow a surface acoustic wave to propagate in a single direction
for reducing a conversion loss.
This method can effectively reduce the conversion loss by preventing
bi-directional excitation of the surface acoustic wave, but increases a loss as
20 a result of the bidirectional wave propagation at some portions since
interdigitating portions functioning as excitation sources of the interdigital
electrodes are not necessarily arranged on the same propagation path.
To solve this problem, a space between a finger of the interdigital
electrode and the common portion adjacent to the finger is determined
25 within 1/8 of the wavelength, and the finger of the interdigital electrode is
provided with a branch. Alternatively, a corner of a common portion of the

interdigital electrode or a reflector electrode is cut off.



FI GS. 6A and 6B are a plan view and an enl arged partial view of a

conventi onal SAW device, respectively. The device includes piezoelectric 5
substrate 1, interdigital electrodes 2, reflector el ectrodes 3, comon
portion 4pof/JPagloogpserdi gital electrode 2, and common portions 5 of each
reflector electrode 3. In the conventignal interdigital electrodes,
interdigitating portions are fornmed on the sanme propagation path to allow a
surface acoustic wave to propagate in a single direction, thus reducing the
conver si on | oShed® iweudtionsy éreonduiclosedent plappagati Ratent ebinidpen
However, if a potential difference between the el ectrodes adjacent to each
ot her i ncPubleatiouNas)T-B63994 andPB186Fd3.el ect rodes, the resulting

el ectrode has_a curved shﬁge in sectiagn, which causes energy of the surface
acousti ¢ waveFlgs| 64kandt6B mresa Idaragewi and aus enlangedapputialnviess of a

Al t hough the electrgggs havi ng 15 respective corners of the comon portions
cut of f cegnvsational SPAWY deviss despretively.r clihe dasticrdncludes driezeeleetsrs t he

finger_still has fhe cupved shape in section, and therefore, the energy of
t he s { oRWPSEESh 8t gltalssfé?@d@,s % &8 e¢tﬁerei%§m£e8t?necomlasagmrﬁm | 0ss
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surface acoustic wave (SAW device In accordance wth exenplary

enbodi nendiffereficd PEwIedSEIY elefit6atd RfjackhtXo d&tH StIRR ifRlALEE dubRigtilRl Vi ew
of the SAWdevice in accordance with ‘enbodinent 1. FIG 2A i1s an enl arged

d
partial viewinl & €08 \e26dted), tﬁewéé@\niﬁg- elebfroddBhd$ adcaPedd 8Rape Vinew Of
the device at aline 2B-2Bin FIG 2A. 10 FIG 2C is an enlarged parti al

vi ew of t&etioAVddrh caubss aneylehte sirfliceeatnditivtenivd to B4k odl) i Fhiz
sectional view of the device at aline 2D-2Din FIG 2C. FIG 3 is a

sect i onal leakage ofin@rasd¢se cpropagationi flossn addoholagic ethw tdleetrbdel nkaving. 15
FIG 4 is an enlarged partial view of a SAWdevice in accordance with
exenplar yrespbotdiereornersaif theecamuomt portior Git 6ffi camhe qrevented frant imal vi ew
of a SAWdevice in accordance with exenplary enbodi ment 3 of the invention.
short circuit between the electrodes, the finger still has the curved shape in
section, and therefore, the energy of the surface acoustic wave leaks out, thus

increasing the propagation loss increases.

20 SUMMARY OF THE INVENTION
A surface acoustic wave device includes a piezoelectric substrate, an
interdigital electrode provided on the piezoelectric substrate, and a reflector
electrode provided on the piezoelectric substrate. The reflector electrode
includes a common portion and a strip portion. The common portion and
25 the strip portion of the reflector electrode have respective cut portions
adjacent to the interdigital electrode formed therein.

The SAW device and an electronic unit including the device thus have



FIG 6A is a plan view of the conventional SAWdevice. 20 FIG 6B is an
enl arged partial view of the conventional SAWdevi ce. DETAI LED DESCRI PTI ON
OF THE PREFERRED EMBODI MENTS (Exenpl ary Enbodinment 1) FIG 1A is a plan

vi ew of apPeUrJPagmosgousti c wave (SAW device in 25 accordance with

exenpl ary enbodi rent 1 of the present gnvention, and FIG 1B is an enl arged
view of region 1B of the SAWdevice in FIG 1A The SAWdevi ce includes

pi ezoel ectric substrate 1, interdigital electrode 2, reflector

PCT/ JP02/ @aalsrepekationdodes 3, common portions 4 of interdigital electrode
2, common portions 5 of each reflector electrode 3, input term nal

el ectrode 6 and output termnal electrode 7. The reflector el ectrodes have
cut portions 8 formed _therein, respectively. 5 1n FIG 1B, a space HOis
provi ded between int eB&IEIFtBESQ%HF TIQN QF FHERANINGSel ect rode 3 before

the el ectrode is cut, and a maxi pjum space Hl between interdigital
el ectrode 2 aEiGr JiA d 1o Plan GeieWopb azsuriags acRESIar SEAYRAGAW) dovige . inThe

comon portion has w.dth in alongitudinal direction of a strip portion
bef oresth%C('@F‘i%‘l“feoWét}%e’Feén Y egppdh %@ M@trhed&e@%hm@n&wn by 10 maxi num
cut width DI1. portion is cu wi dt.h D2 asured
froman end opf{ih&ﬁ %Pfg%pﬁ?'@ﬂ V’r%%n?ghgl%ﬁpha'ﬂcaﬂpe%@f) 68d wi dth
d0 before t'ﬁ\e) ek) trode 3 is cut. FIG 1A schematically illustrates the SAW
devi ce of W& thus not actually showing a relati ve rel ation

bt veen Eﬁngﬁ’lﬁv%g 9 00 B0 AP S A S At o
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linearly at a corner facing Interd an eac reflector
el ectypde 3 hasapord iLAR é?rﬁhr%d hkﬁ&?bie)(v %Tf thESSXW 89@71%& TRSdceBfdartePOr Lion

10 adjacent to interdigital ctrode 2. a space between interdigital
el ect r odew& e bb8ithest pr el ectrode 3 partl aI I y increases. This arrangement
prevents the el ectrode fromhaving a curved shape in section generated by

an influence BIGr eDPRG sacRidpal ¥idw af shetleite atlLihe 2WeaDaE BIGN2CL 0 each
other when a netallic filmis etched to forma 25 pattern of the el ectrode,

t her eby al | owFiig. thés SA¥écteondlevietw ofivin @lé@dortie dupitopn@atdrdankce S§ithA
met hod of manufacturing the device in accordance with the present
PCT/ JP02/ @abadimhewtnbodi nent will be described. A filmof netal, such as Ti,
having a | Onm thckness is fornmed on piezoelectric substrate 1 shaped in
waf erlfof Li TabBGby isput erlarggd partink vidwk of aNeAW device [im astordstreie, witbch as
Al, having a 100nmthickness is forned
exemplary embodiment 2 of the invention.
FIG. 5 is an enlarged partial view of a SAW device in accordance with
exemplary embodiment 3 of the invention.
FIG. 6A is a plan view of the conventional SAW device.

20 FIG. 6B is an enlarged partial view of the conventional SAW device.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
(Exemplary Embodiment 1)
FIG. 1A is a plan view of a surface acoustic wave (SAW) device in
25 accordance with exemplary embodiment 1 of the present invention, and FIG.
1B is an enlarged view of region 1B of the SAW device in FIG. 1A. The SAW

device includes piezoelectric substrate 1, interdigital electrode 2, reflector



5, on the Ti filmby sputtering or the |like. The above process is repeated
twce'to stack the Ti and Al filns, and provides netal film 22 including
the AL filmat its topnost layer. The nmetal film 22 has a 220nm t hi ckness.
The or derpof/Jroe/o®obagki ng of the AL and Ti filnms and the thickness of
metallic film22 may be nodified according to 10 requirenent. Next, resist
21 is applied on netal film22, is exposed through a specified photo-nmask
by, for exanple, a stepper, and have unnecessary portions devel oped away to
| eave a sglecirbilesi 3petmeran pSimegdefiinterdigitalleléitrode2, camnicor pevtionl e,
dry-etched to formthe 15 pattern shown in FIG 1A Thereafter, the

remai ni ngd refsieachi reflestor edectzode theinpafte tetmirialgelentrodat Seandf ontmit
thereon is cut into discrete SAWdevices 12 by a dicer or the like. This
net hod r ektysEnaheleatradeciice The raflectn electrodeaavieccut gertéong 8dfosmeidng t he
etching of at, the piezoelectric substrate and hence reduce variations in
curved shﬁiﬁégm,ﬁeMW&Wof the el ectrodes on the 20 piezoelectric
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PCT/ JPO2/ QAR2 ﬁopu x%ﬁfo‘}gg;h%ae'b cf%!r&?é 894%uf, éﬁ? th@fcbﬁﬁh{? p%bgi iQ%ﬁ{ %g cut

adj acent to ectro ore the ele ode Ts cu

portigns gakislin®sut 48afiPDhowTHe aeg)dg&ftﬁﬁxsls éﬂf't/ﬂmx?muﬁl gﬁé Qggéehs pe. and

D2/ d0=1.5. Wth the conditions beln atisfied, the electr not have
the curvegeabaRal Hons a6t AR ontHel 8gip perabs1o8g ats M Atudinhind@dectiohe

el ectrode is having the curved
and width d0 before the electrode 3 is cut.

FIG. 1A schematically illustrates the SAW device of embodiment 1,

thus not actually showing a relative relation between respective lengths of
15 the electrodes and a relative relation between the electrode-to-electrode
spaces.

According to the embodiment, each common portion 5 of reflector
electrode 3 has a portion cut off linearly at a corner facing interdigital
electrode 2, and each reflector electrode 3 has portions cut off linearly at its

20 outermost strip portion 10 adjacent to interdigital electrode 2. Thus, a
space between interdigital electrode 2 and reflector electrode 3 partially
increases. This arrangement prevents the electrode from having a curved
shape in section generated by an influence of respective potentials of the
electrodes adjacent to each other when a metallic film is etched to form a

25 pattern of the electrode, thereby allowing the SAW device to have a reduced

propagation loss.

A method of manufacturing the device in accordance with the present



10 shape in section in the follow ng manner. FIGS. 2A to 2D are concept ual
views'illustrating shapes of the electrodes at the etching. FIGS. 2A and 2B
illustrate a conventional SAW devi ce having no cut portion between

el ect r odeBCadPac®9024 0 each ot her. Wen dry etching is perforned for
formng the pattern showm in FIG 15 25, resist 21 is charged in negative
since ion beam 23 consists of ion charged positively. The netal film 22 and
pi ezoel ectric substrate 1 is charged positively Thus, ion beam 23 flows in
strai ght embadiment will betdegeribéd.t he etching, and accordingly etches netal
film22 substantially in accordance with the shape of resist 21. However,
as the etchind ﬁlmc@émtal,hwmni‘l,zbabmgcnalgm thcknesa| isf farmetb oand t he
anount of charges on piezoelectrigc. substrate 1 gradually jncrease. Since

pi ezoel echiereelaetyia sulstrate hehaped in wafen szLlliangB by spBigmEonthe biker ged

positively, t osi tive, charges of l1i.c film. 22 gnd piezoelectric
substrate 1 r&eﬁéﬁ 2 Sy eamesat. PeB sl VIBgé\/éﬁbem claesh pormefh 25
flowing in straight,, thus forcing,i beam 23 to curve halfway and strike a
si de g% ﬂﬂ%gyeﬁ#ﬁﬁ?ﬁﬁxSHH“EW”@é?&PFgﬂFh side etching. Accordingly, atons
are ejected fromthe side of.netal film.22 by ion.beam 23, sone ,of
Those. < peT/ yBBS BESs P Peat i aih RISt Thand AF Bimes 3dng

pi ezoel ecfri €,SU . hy: on, ¢ont i nui caus cO nent s
b ‘et al P19V SERhAChfn s R RHE A TRAE s S b B P 2 TR

pi ezoel ecgy.d r thu in .
apparentl§§%3¥€g §%H%%§npﬂﬂggggﬁgh.qk%nﬁﬁg&gﬁgbgqg?gﬂﬁﬁéﬁﬁﬁff%%?ng;%Ceeds,
a portiongRhs T8 $he thidkhesh WA Bdtdlicl flin PEAT £3 RNEhJIHEERRONARE o0
adhere onlﬁéz sur a%e 5#é¥%e curvedlgdﬁ??on 24£?n secﬂ?%n of ?%e glectrode.
Underyo hepetjulirehé@t) for the el ectrode, energy of a propagating surface
acoustic wave |eaks out fromcurved portion 24 in section of the electrode.
1 0 Accor di ngl Next,heedis© P03 isppliedsoni peteP TR FNdisi Bxpodedetierotahes, the
el ectrodes adjacent to each other are short-circuited, thus deteriorating a
property sfecifil Photdanasie yonfor dexabple, d0steppysnand heavdhanoieessury
according to the present enbodi nent, each common portion 5 of reflector

el ect r odepdtivas ddvelgeid away toleafef a bpewifietl patterat a corner facing
interdigital electrode 2, and each reflector electrode 3 has the portions
cut of f |i neaBhbsegudantly, onetalnbbh 22 ris pfpoexampladigeetvhetota firen dihgi t al

el ectrode 2. The space between interdigital electrode 2 and reflector

el ect¥oder@terrushowninddés Ifar t Therepftes idte wmapining sesisbisdreapared, andows t he
space between interdigital 20 electrode 2 and reflector electrode 3 to be

| ar ger t hidie watyhavipsthe patieradormad $hereonis cuspntndiserede SAAdexigese, t hus

duci he i nfl f electrical ch Jretal fi 22 and, reduci
L curvat ukeba (5hr Eale 3ke. o queihor oc e SRABTLEER R RAROBEIAG ded.
the cur v BapbeenRraiseiuine shershind o£ef the BidttioRbie SEbSGeld B pace.
bet {] . f th ti t h | egt rod
orevent s BHEECAIER HaPTiore PoEoTshet e fRh. HeeFeRiet 8 Bene
The iggr e&%ﬁoﬁgcﬁﬂesﬁﬂﬁggté)‘%ﬂgf n Consequently, plural SAW devices obtained

from one wafer have reduced variations in propagation losses.

As shown in the pattern of FIG. 1A, each common portion 5 of reflector
electrode 3 adjacent to interdigital electrode 2 has a portion partially cut, so
that each of four common portions 5 has a cut corner facing the interdigital

25 electrode. Each of the electrodes has a thickness of 220 nm, and ratio S/L of
electrode-to-electrode space S to thickness L of the electrode is 2.7.

Electrode-to-electrode space S corresponds to a space between



PCT/ JP02/ 09924 8 strip portion 10 of reflector electrode 3 and
interdigitating portion 9 of interdigital electrode 2 reduces |eakage of
the energy of the propagating surface acoustic wave, thereby reducing the
pr opagat i BATIJ®92/09924 egi on between interdigital electrode 2 and reflector
electrodes 3 is 5 small, while a | argeéregion which is contiguous to the
smal |l region and has no electrode is provided. Wen the etching is
performed for formng the small region and the |arge regi on sinultaneously,
the i on bederdigitabeldcjradec? amd raflacter elegtrodethadjdsend teshetadettaode 2r egi on,
and a reqgion that becones the small region is provided with the ion beam
reachi ng heforerthe elertradecissentt | Bashi efnthescuoportientesntisfies the fallopvingr
becom ng the small region, particularly in an area where the snmall and

| ar ge r egfBMEtIARE conti guous to each other. Since the area which is not

et ched suffic%F |y Qﬁtends fromthe common portion to a portion of the
strip portion,]?ﬁgrlt'e i ncrease of the 15 space between the respective
conwog portiOE@f@é_hQ%'elactrodes prevents the short-circuit between the

el ect Podes, b nndt’ BP8vent the | eakage of the energy of the propagating
surface acousﬁ?y(%ggs. To prevent the | eakage, the space between the strip
portion and t 4 terdigital electrode is increased. This facilitates the
supply ofwt i . Q the. i t jqn in

ot chi ng. OO the RpRdieBRAbe e SRiURRH Rho F12PRE AUES b halEMle f5YeT: on

| acki ng E%H%ﬂéﬁhséE ol eakage of the energy of the propagating surface
acoustic wave can thus be reduced for snmller propagation |oss. Even if,

for exanpl e, ﬁ%ﬁ'ﬁ{g?é th%ﬁné%@n&it 9883 ke %H&%&&é‘fisehévigfg‘e’ﬁlez& g sane

am_)unt of charges, e | ncr a_se O_ t he fspace et ween t ctrodes
adj acent JiRARD sBétheH intthat follewihBtBhHKSE t AT, SZA 8 UED Zar@néhrcepl @t or

el ectrode 3 reduces a relative interactions between the respective electric

char ges oviewsRUGsHRAR{HIMZdeF0f the electrodes at the etching. FIGs. 2A and 2B
illustrate a conventional SAW device having no cut portion between
electrodes adjacent to each other.

When dry etching is performed for forming the pattern shown in FIG.

15 2A, resist 21 is charged in negative since ion beam 23 consists of ion charged
positively. The metal film 22 and piezoelectric substrate 1 is charged
positively. Thus, ion beam 23 flows in straight at an initial stage of the
etching, and accordingly etches metal film 22 substantially in accordance
with the shape of resist 21. However, as the etching proceeds, the amount

20 of charges on metal film 22 and the amount of charges on piezoelectric
substrate 1 gradually increase.

Since piezoelectric substrate 1, metallic film 22, and ion beam 23 are
charged positively, the positive charges of metallic film 22 and piezoelectric
substrate 1 repel ion beam 23. The charges prevents ion beam 23 from

25 flowing in straight, thus forcing ion beam 23 to curve halfway and strike a

side of metal film 22, which results in side etching. Accordingly, atoms are

ejected from the side of metal film 22 by ion beam 23, and some of those



metal filnms 22. This reduces the curvature of ion beam 23, thus preventing
the electrode from having curved portion 24 in section. The dry etching
provides netal film 22 and piezoelectric substrate 1 with the electrical
char ge nopCyawob/oeg2a whol e. The direction of ion beamb5 23 is affected not
only by the anmount of the charges itsekf but also by a partial unbal ance of
t he anobunt of respective charges. In other words, anmobunts of respective
charges on interdigitating portions 9 of interdigital electrode 2 facing
each ot heatome reeldhere ey edgesmnd adetrdcfiline22faral piedoelatitfit eyudistatbel ween

t he ambunts of respective charges on the interdigitating 10 portions 9. A
di f f er encBugletavgdrenomennm gantiniing gagses oconspomants pof metal 4ibmd22 e anmount
of charges on interdigitating portion 9 is often generated because common
portion 4acownulate onithetsidesnf metalifdm 82 aadshemigzoadedttisraabstifatenthasc h
other. Simlarly to_above for reflector electrode 3, a difference between
the 15 anmdakingithe piecfredehave the appearently rorved shape anpestions Asdhges on
comon portion 5 of reflector el ectro,deé)} i s, often generated. Since the
electd ¢ élfi'a?@bsn&ﬁértgﬂpﬁ%qedﬁvé porhPR L rgsish 21Hs ejerted byaanrhesan 83 t he
ion beam the unbal an bef.ween the amunts, Qf charges causes. the beamto
e st r ongPYA R FECBIRA o BTG AR Hie AERIRGROf the (b b PoRHTL Bt ShRRgas,
The ion be%?&Z its éhus forced to curve in a direction opposite to the
portion, ¢ eaf’% 88%i ng the side etching. Consequently, the el ectrode has
a noticeably V, I cly on differen he anpunt of
charges on co%ﬁ%ggr%{]siq ﬁ%atkl&b?& meefelcﬁcglltbt%& elelfg t?ggéﬁ‘%&)\éﬁgﬂpheﬂgﬁ%ﬁfnt of
char ges OQCOQ&'E‘%D&QaFQrI%él&F'oéiE ?It%r&%urr%(!i ?%Eﬁéne#??ﬁrsggﬁog dfhgf diEk ggaer at ed,
t hus causing the electrode to have a curved shape I'n section. Even i'n cases
t hat e : r S ; a0t o e ;aften has
t he c@ve%%gb@?’wggc%%ﬁ%%%? J Poi‘?%‘%é‘%%‘"% 1%ﬁg§%r\1/ve%ﬁr%hg F%ésg%éct?ileve

common pogleb3Bded adidtRne! 8CEAQHBThert HEE ARV rEAREHNEd ! NousS MRtdriGiaifil b
bet ween the el ectrodes. For the above reason, a part of the comon portions

adj acent popRaghoOfHES AN d6vite @bhsiterdlovi de the space between the

el ectrodes. The increase of 5 the space between the el ectrodes reduces the
i nfluence of Toepnenbat aheephehsvaenonhacesrdinmg Toothe paregat, embddimdtces the
curvature of the ion beam Thus, the beamflows in straight, so that the

el ect r odeeaxdncdremonhpditioads bf refidvaon elgctrode Guiarethespagtion eutsef€ linearlyCommon
portion 4 of interdigital electrode 2 has the |arger anmount of 10 charges

t han Xbormmatna gornérfackhginteedigital @lectt s £oaed 2ash weflettaviebertrodeaB des ar ea,
and thus, portion 4 often has the curved shape in section. Common portion 4
of inter dihgi Partieheceutodd Bnesvymeh ieroutenm®sbstriax [portion adicenbde 3, or
both of them pmay be cut to obtain the sane effects, In_particular, the
cutting omte Al sdedtreste 2. of Thevseper Jietween| mderdigiab elegtrade @hangde a
center fre encl%/, and tguz\, the cutti ng,o{i1 comon portion 5 of reflector

el ect r oderedlecHi ¢lesirade SibusiBeraases BATHARY-SAW devi ce | ess than the cutting

of comon porgion of interdigital electrode 2. . . .
P éugh s%ape described' akove® aflows® the space between interdigital

20 electrode 2 and reflector electrode 3 to be larger than a space between
electrodes of the conventional SAW device, thus reducing f the influence of
electrical charge on metal film 22 and reducing a curvature of ion beam 23.
Consequently, the side etching can be avoided, so that the common portion
and the strip portion are prevented from having the curved shapes in section.

25 In particular, the increase of the space between respective corners of
the common portions of the electrodes prevents the common portions from

being short-circuited with each other. The increase of the space between



According to the present enbodinent illustrated by FIG 1A four conmon
portions 5 of reflector electrodes 3 have the cut portions facing 20
interdigital electrode 2. However, the SAWdevice may have one or nore cut
porti ons POT/J@0R@99R4ie propagation | oss. The propagation | oss is reduced
nost by cutting all of the corners of ghe common portions adjacent to each
other. An electronic unit including SAWdevice 12 will be described. 25
FIG 3 is a sectional view of the electronic unit including SAWdevice 12.
The el ectstoim @oution 16 cofuveflediar @ldctrodAW dadi oeetdigitatins pb3tiopall of

el ectrodes 14 of SAWdevice 12, |ead electrodes 15 term nal electrodes 16,
PCT/ JP02/ gerdigital edectroder 2 terinceshleskage 1. thragnergst of dhespropagatiaged on
SAW device 12 are provided with bunps 13 made of gold or the Iike attached
on the el uiaesjaeoustic wayy,dherehy u mgﬁbesmﬁﬁga%gm osghen pl aced facedown
t owar ds base 2&1 previously 5 praqyided with | ead el ectrodes 15 and term nal
el ectrodes 16 %%Olb&’t‘?ﬁ‘é’eﬁ@ 1ptardagital elegtredecd ppdete ctor elepedey & 1. Bunps

L R e i By SR od ot ey
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dry etchi lﬁ%oxﬂéé%lf‘é %gﬁ?lﬁ%%goﬂ & ;gif-bi{iﬁé’& WtR thg iw%eahpg%ﬁaqﬂg B OpfuLo the

char ges. wever, t ase e space between t ectrodes ddj acent

to ea@N OfREEmMa?HYESInt RenSTRIHe dOEufRad 8P fBF bebfining SRE SnaBNFbhidWS

reduces the curvature of ion beam 23, thereby reducing the side etching of

the el eCt%&dﬁﬁ}laﬂibiiﬁ A dveL whdie t&é%ﬁgnta@xﬂmdvxﬁé&egfonts@e%% oAg\ioce. The
thicker the electrode, the larger the region i ch undergoes the side

et chi ng. dduhsothelle el ectrode is susceptible to the side etching due to the
charges of the charged ions or particles. However, the increase of the
space bet weenSinve ¢hecarecadeshialj acenit tthedcbuffidcieitly eekteadst frenarshent of
25 charges per unit length, and thus reduces the curvature of ion beam 23,
t her eby reoommiongporteorsitden @octiompfothet ki lpartiondgest ihd incredse ef thee
propagation | oss of the SAW devi ce. PCT/ JP02/ 09924 12 According to the
preselit  estpsdibetweentthe respestivesmnohoniperéicns of thie elestzeies prevemts thee cut
portion of the electrodes satisfies the follow ng conditions: HL/HO=1.7; 5
D1/ DO=0. 7$horésircp® betveen the elackradesr buheaspet preveant thecldaakagerofithei os

H1/ HO and D1/ DO_need to be. The gl ectrode having a thickness |ess than
120nmii s ?@%rgysqfég%ﬁtr%ﬁ‘%atﬂ%g?ﬂ age @LousRnVaye-

To prevent the leakage, the space between the strip portion and the

interdigital electrode is increased. This facilitates the supply of the ion

20 beam to the region that becomes the small region in etching, so that the

etching is performed well and thus leaves no region lacking etching. The

leakage of the energy of the propagating surface acoustic wave can thus be
reduced for smaller propagation loss.

Even if, for example, metal film 22 and piezoelectric substrate 1 have

25 the same amount of charges, the increase of the space between the electrodes

adjacent to each other, that is, interdigital electrode 2 and reflector electrode

3 reduces a relative interactions between the respective electric charges on



10 Even in cases that the el ectrodes have the sane thickness, the narrower
the space between the el ectrodes, the nore the beamis affected by the

el ectrical charge of the charged el ectrodes, thus often causing the side

et chi ng oPCTH®0CI09024 0de, and increasing the propagation |loss. For this
reason, the space between the el ectrodgs should be determ ned according to
15 the thickness of the electrodes. According to the present enbodi nent,
the el ectrode has a 220nm thi ckness, and ratio S/L of the space S between

t he el ectmetidsfiims 2Re Thitketbwesithefcurvetureafionbeains23, thusthreveatipgr rati o
S/'L reduces the side etching nore, thus reducing the propagation |oss. For
t he el ectthsadeetaode from hagimg enrves portionchm section.io S/L of 2.5 or nore
reduces 20 the side etching, thus reducing the propagation loss. Ratio S/L
| ess than 2.5Tbptduy glohingmzevides mptal Bl gnd: pigzoelaeirimsnhgfrate 1
propagation_ |l @ss., As descri bed above, the conditjons for the cut portion of
the el ectVidethesgfestrical chargadiot simall agrri wheade.s pRhe disgckiomof 1n beamt r odes

houl d b ' di h hi ¢k f des. 25
Nor cover .24 b ARSERT GBS She HBERBIOT Besoairses ferall Bubues di Ag i s
tched | th | ectrod ttack by th h d i
he. ohar RAFHAlr EPEREges 4f. e AmBaERt, 67 GPePi R SBatihst udenorid BOERRr odes
PCT/ JP02/ ' h. ot .2\ t I . fr. bei
it eot ed Sonnes of AEBEERl R BRE o shE-LhRIBN: BoiRed S pLagfEgeiRT 7 "
a > T ol _
Gl corr: caPotigiis 2 HoibBreddH oFhe" e vlBhPy ballieed) BeBLBOReE BY ot
oo ! ol _ . | S
e " Sl bl P RoEE of Lo RS, Bl BBt MTRRAlRRL [ o
the ngf al pdrtigfsd? MRWiIErdmRE DHebivesh THB a!?ﬁ&ﬁﬁ‘@o@cﬂéi"’g@@Pn%ﬁﬁnBﬁzﬁJrg%islzw ng

the side ‘etching due to the irradiated 1on beam An el ectrode

devi ce i s4 aydi thad! AmoWRESf Qhaf‘%es S Antdrdsgitdthieg POrQbR Y [LoReRigehBrate@W

devi ce of the enbodi mrent nay be nmade of netal, such as Ti, which has | arger
mass t harbedausé eommech pofidoh Mearsd deteedigitatth®pokthen ollesier ndas diffemr , t he
el ectrode nade of only such material having | arge mass provi des the SAW
devi ce wifiromaeacdnetderf requency limted within a | ow frequency. Thus, the
conbi nation of the materials having a small mass and 15 the large mass in
st acked r el at Somilaslyefd aboves dorf vefléxtoh edelitvedd Bg at Adfferentebetweemethey and
resisting the side etching. The conditions for the cut portion were as

fol | o\is: anoHeEof ghaiges PO=Prifbportinh 20 abg/ the-aimsuntrhfchangge ontdommani o
H1/HO and/or D1/DO (i.e. the greater the space between the el ectrodes

adj acent Rwrtwaclh of reflpctor heleptyode t Haisepfien rgnnerptedsr eSimeeethd redenthigvi ng
the curved shape in_section, and {hus, the propagation ]| oss of the SAW
devi ce cainazges éa%@é'dm%o@mﬁaf etq e ghargessarripd %a@g 19 bRaEh the { he

) St S P B bl AR ol b
ti 5 t i {, 1 ti t SAW

fovi co carBLef by HiecP e baTE the Bubbh gl G R RBAPE o e T8 Bragp

exang,e, i'é';n@'d@'_f&pcedlt% ddi6e §RSEalBR o %ﬁpBﬁEé Po Hl E‘Qrﬂign,nt%tusl ﬁrogge(di}llélan 1.2,

that the ratio
the side etching.  Consequently, the electrode has a noticeably curved

shape in section.
The difference between the amount of charges on common portion 4 of
interdigital electrode 2 and the amount of charges on common portion 5 of
25 reflector electrode 3 is often generated, thus causing the electrode to have a
curved shape in section. Even in cases that the space between the

electrodes are the same, the electrode often has the curved shape in section



5 D1/D0 is snmaller than 114, or that the ration D2/d0 is smaller than 1/2,
the propagation | oss was not reduced remarkably. If the ratio D2/d0O is

| arger than 6, the cut portion extends to a nain region for propagating the
surface apowgPO2/08928, and thus, the propagation of the surface acoustic
wave becones inbal ance. As a result, tige 10 propagation | oss increases.
When only one of the ratios HL/HO, D1/DO, and D2/d0 is an extrenely | arge
val ue, the propagation | oss reduces |less. Thus, the ratios Hl/HO, D1/DO,
and D2/ dObétameent thdgespbttivalcanoedn @rtionspiatheselecirodes,t ihemeliy cafisingf | ect or
electrode 3 in particular prevents 15 the energy of the propagating surface
acoust i ¢ theshant sincnitahetingenrthe elpetra@eés propagation regi on, thus, reducing
t he propagation | oss of the SAWdevice. Wile netal film22 is dry-etched
to formthe pHerdha abovereasomca paabof thecomapen poptivns ddiagentde efichi ded
into piezoelectric substrates 1, can hardly 20 irradiated with ion beam 23
entirely As CHb ngé'ﬁé’r@éﬂcﬁﬁ theospasehaiweesithg ele@rodas. askhacingreasawt n

equi pnent.. In other words, ion beam 23 is applied to a central portion of

t he wd¥ erthe,spagn betweem t%l&b%keamoaaﬂrydﬁe%éﬁai@ghu&m? #fi the wabalandghi | e

[ b [ li ed i f.th I

'g f e?Zn”‘tﬁe‘?tfw%ﬁ%n? %ﬁw&tef% eﬁwﬁfssﬁvé 5 ch%oth%@ro“ﬁﬁiée c?é@%“xpﬁﬁo%g:sn-

port 1 on o AtkctHE e s (il Simarh” 4p £k 6% S 8pion® i e AP 0E0HR, 23,
t hus ofteﬂagigll%gtgltelcﬁﬂyhgg\}l\lapgglsgg’tq 09924 15 side etching, and a

tenperature ér "accelerates the etching. Therefore, the

el ectrode tenfonloRaRirnRUE i HloAIGRE 2/ b AR Iiior ARG NI 5

phenonenon, the space between t ctrodes adjacent to €ach other of the

SAW dfyi Cehdriadh tRAR coffidbf Dorfioh oL HfRIct B0l RBde 3 %i'ﬁ@e ?1a‘0’?1§§’|51 lhPger

determ ned to be larger than the space between the electrodes |ocated in

the centrgleaD @i thhsOpobtiéh WaffRin hddtite anfaad lin' QQtieds the curvature of
i on beam 23 and hence reduce the side etching of the electrode in the outer

portion of th€owaheh goreibnvaesf ihtdrdedieslt elderode 2! eagingérehodtiagopadl y with
i nci dent ion beam 23 since the anmount of charges per unit 10 length is
reduced. ¥dhetal elgctrode (8 oprieghandf thehodraebe cutt te cbiteid tlheleamd) eff@ns. 1 s cut
linearly. The simlar advantages can be obtained even if the electrode is
cut to fohnparts¢twprahetantting dfcommoun portiehepolf inderdipgabblectrodd® may be cut
into any shape ot her than those descri bed above as long as the electrode is
15 pakk i athangeun efriter Avexpredicyig amd thmivs dibeeerttingl of contredn apwvion 6ovfhon
portion 5 and strip portion 10 of reflector electrode 3 are partially cut
of f to i nkaflegter eleetrode Seinflitenses the @repentv ol the (SN dawice lrssithaartdiegi t al

el ectrode and the space between the strip. portion and the interdigital

el ect r odeSutfe ofromamen pratign 4 pkindprdigital slagkrodeidre i nfl uence of the

anount of charge n the el ectrode . .
u A%cosrd?ng to the present Sembodlment illustrated by FIG. 1A, four

common portions 5 of reflector electrodes 3 have the cut portions facing
20 interdigital electrode 2. However, the SAW device may have one or more
cut portions to reduce the propagation loss.
The propagation loss is reduced most by cutting all of the corners of the
common portions adjacent to each other.
An electronic unit including SAW device 12 will be described.
25 FIG. 3 is a sectional view of the electronic unit including SAW device 12.
The electronic unit includes base 11, SAW device 12, bumps 13, pad
electrodes 14 of SAW device 12, lead electrodes 15, terminal electrodes 16,



adj acent to each other and reduces the influence of the unbal ance between
the amounts of charges during formng the pattern of the el ectrodes by
etching of the nmetal film thereby preventing the el ectrodes from having

t he curveplCTlI®Pe/09p28€ect i on. Consequently, the SAWdevi ce has a reduced 25
propagation | oss. (Exenplary Enbodi nent; 2) PCT/ JP02/ 09924 16 FIG 4 is an
enl arged partial view of a surface acoustic wave (SAW device in accordance
wi th exenplary enbodi ment 2 of the present invention. In FIG 4, elenents
simlar tevebhdSeand ddh@siveBl8.l | ustrating the device of enbodinment 1 are
denoted by the sanme reference nunerals and is not 5 described in detail.

FI G 4 schemaPadailestrodesudd dacatedpmp &V rdevide 2 ece mrdeileduwithobumps
illustrating a_relative dinmensional_ relation between the el ectrodes. The

SAW devi cb3 arads af ggld or éhe dikenattached onsthe elgetrodes 4t JAWndexirerddt 1

except that el ectrodes adjacent to each ot her of SAWdevice of enbodi nent 2

are cut akayser PeRPs d3sa%gheanplacsdadacndomn fowasds baserdlepsodrnelyt 1.
Fef | et orpavided gaeh ondt elestiotpal iy Rentonmingl Gleapyes TRamed MBRPPAR: i on 4
Lo this dAGErBHEICarElnroks, BePRstiT b iR 19 SR coed o5 b8ks 4f B¢ r odes
cutting oyl et rytoc At dlhp e AT ey e ha i eaopRd
unbal anca ittt SRR Fhdaghs AfteyechS, il 8P ORRT, S SabBFivkoIS RS, Shi ng

of the elgeld PO JLANGESs h%ﬁ?@ﬁ&%ﬁﬁd%@ﬁl%?&t i??ﬁ%e%ﬁ&g%@v‘a}f@gﬁaﬁﬂ from

havi ng 20 a curved shape I n se us al l'owng G have

reduc k | “ef to enbodi nent 2, conmon portion 5 of
R F’EW ggstﬁ%%letﬁ?(?ﬂlcﬂrﬁg.

refl ector I's partrally cut off linearly, and strip portion 10

is partially guWw ofefvide0 1508y & nEPuntbAEhP idHtREr MRBHAGESh G whfingbt ai ned
even if the conmmon portion 5 and 25 strip portion 10 are partially cut off

in curve ondihgpiceErdif® N0 fe@irbm@ntd Adhesivel R8PATdY B8 AMadeayf Bldut into
any shapes other than those descri bed above as | ong as common portion 5 and
strip porbrazing filler engtal indubing géldobf plating including gold.
While the electrodes of the SAW device are formed by the charged ions
15 or charged particles in dry etching, the electrodes is susceptible to the side
etching due to the charges. However, the increase of the space between the
electrodes adjacent to each other reduces the amount of charges per unit
length, and thus reduces the curvature of ion beam 23, thereby reducing the
side etching of the electrodes. This reduces the propagation loss of the SAW
20 device.
The thicker the electrode, the larger the region which undergoes the
side etching. Thus, the electrode is susceptible to the side etching due to
the charges of the charged ions or particles. = However, the increase of the
space between the electrodes adjacent to each other reduces the amount of
25 charges per unit length, and thus reduces the curvature of ion beam 23,

thereby reducing the side etching of the electrodes. This reduces the

propagation loss of the SAW device.



PCT/ JP02/ 09924 17 According to enbodi nent 2 descri bed above, conmon portion
5 and'strip portion 10 of reflector electrode 3 are partially cut off
linearly Additionally, common portion 4 of interdigital electrode 2 is
parti al | yPE€T{JPORIOIOR4f orm t he step, so that the space between the

el ectrodes adjacent to each 5 other int2eases nore. The increase of the
space between the el ectrodes reduces the influence of the anpbunt of charges
and the influence of the unbal ance between the amounts of charges, thus
preventing thAcerdang soéhempresentoemhadiment; the dhickass iofthe ietectrads isn.
Consequently, the SAWdevi ce has a reduced propagation_|loss. 10 (Exenplary
Enbodi menzzé/i)nml, @and the gutepptigedohdhei glecinodgs osatasfien fthee followiag ¢ wave

(SAW device,.i.n accordance with exenpl ary enbodi nent 3 of the present

i nventi onconditiong 5 el ements sinmilar to those shown in FIG 1B

Il lustrating %ﬁéﬁg‘gﬁd%mnt 1 are denoted by the sane reference nuneral s and
are not descr M-detail. FIG 5 schematically illustrates a pattern of
el ectrodes, a 3@3 e ot illustrating a relative dinensional relation

bet weéh t he efa" Bﬁaggz a’?ﬂe SAW devi ce of enbodinment 3 is simlar to that
of enbodi nment D]%(%’Q:gﬁgept that the el ectrodes adjacent to each other of the
SAW devi ce of Smbodi ment are cut at portions different in shape and

ot SRR BRIV g RSB RO vy 60T

portion 5 1s par ma s rnearly, Stri’p
portion 19yl ' : ' I e [ of
nter ar g o SHRRKAShaVis Blderich o0 ther PORACL, 1epg FBCERIL G, -
curved, t{ys gdRingyi Ng a conbination of plural cut shapes. Thus, a space

bet ween respective comon portions 4 and 5 of
10 Even in cases that the electrodes have the same thickness, the

narrower the space between the electrodes, the more the beam is affected by
the electrical charge of the charged electrodes, thus often causing the side
etching of the electrode, and increasing the propagation loss. For this
reason, the space between the electrodes should be determined according to

15 the thickness of the electrodes. According to the present embodiment, the
electrode has a 220nm thickness, and ratio S/L of the space S between the
electrodes to the thickness L of the electrode is 2.7. The larger ratio S/L
reduces the side etching more, thus reducing the propagation loss. For the
electrode having a 150nm or more thickness, ratio S/L of 2.5 or more reduces

20 the side etching, thus reducing the propagation loss. Ratio S/L less than 2.5
often generates the side etching, thus increasing the propagation loss.

As described above, the conditions for the cut portion of the electrodes
adjacent to each other and the space between the electrodes should be
determined according to the thickness of the electrodes.

25 Moreover, the electrodes made of material less susceptible to etching is
etched less even when the electrodes are attacked by the charged ions or the

charged particles. The increasing of the space between the electrodes



PCT/ JP02/ 09924 18 interdigital electrode 2 and reflector electrode 3
i'ncreases nore than el ectrodes obtained by cutting only one of the

el ectrodes. Further, the electrodes can be cut into various shapes forned
by conbi nP@o/JPORM0A2£ Ut shapes, for exanple, even if the space is tight for
the layout of the pattern of 5 the elagtrode froma design viewoint. For
such |l ayout of the pattern, the anount of charges per unit |ength can be
reduced. Accordingly, the curvature of ion beam 23 and the influence of an
unbal anceadjecewdeto edvh etheumrevertsctiherelectrade from beng affecteddiydtheesidei ng of
the electrode is reduced. As a result, the el ectrodes are prevented from
havi ng a &tghingi shhyse tha SAWV«deyi¢ohas airedueed prepagatinn &Y devi ce to have
reduced propagatjon | oss. Accordilptﬂ to enbodj nent 3, one of .the conmon

portions is phtthedry etching metal fdmnigne efched dydtheaelertically-changed

linearly, and the other cqommon portion is partially cut off tgo formthe
step and ioR hawtp drragiated; thararo m‘a@m&g&e 8 SEkHE anetad 1{4%221' f Thge

el ectrode is c t orma conbi nati on 15, 0of plural shapes i.ncl udi a
step, %a mai%lrﬁfgﬂa%o?e,ila&%a Hg%gﬁésaﬁﬁ&“ér%t]éﬁ%%éné%&r eﬂﬁ%tlégéggr odes
may be cut, intg an h ofherthan the shapes desct, b above as [ ong as
the el ect?t(?&lassﬁ'aﬂi ﬁEE’ZﬁfE‘ﬁB %gchF%rt ﬂb‘? rﬁ?@’b?ﬁ’ﬁ‘&??@@ﬁ”figfm?yi@cﬂad?ng to
enbodi ment, 3, desqgri hed ahove, conmop _porti.on of .20 reflectpr electrode 3
s par i1 aff Gices HavEe (£ B Eer, RO R Sae T bR 8 FERRY e RS °otr T
portion 101 [ cut off linearly, and common portion 4 of

i nterdi gijltglz'a%cﬁapegq:ﬁrngﬁe “is partiall y cut off to formthe step and
partially cut AQf§lebtro@YTof%a stﬁw a 'éqggg@%agfy e bt Adl af! (ARERES

i ncreases the space between the electro adj’acent to each other even in

the cgse d1batrodd8f SRESAW Uevicd bPtle ERbolliRehBULH bOmALEoPAIHET Hueh t he

el ectrodes fromthe design viewoint, thus reducing the influence of the

anount ofaLiTar gdschahds lAfgdridae8hanCAl toe redbaindnife BRleBRhiAOfaRBUNt S Of
charges. Therefore, the PCT/ JP02/ 09924 19 space between the el ectrodes

can be i nsleer6dsl eMeweiar,tthe dlag@oddaiaddef swcsudbsnidteribl hawvindtargayout of
the pattern of the electrode fromthe design viewoint, the el ectrodes of
any patt enass providepthy SAWddvicamstitly angnthefrequency dihaped wiskent & doww
Consequently, the SAWdevi ce can have the 5 reduced propagation | oss.

| NDUSTRI Alre uridyCABIhuisTtheAcarobihatipn of thematesiels havingrat sma)l masoandn
portion and a strip portion of a reflector electrode that are adjacent to
an i fider dibgi kaage ehass hodcked aetatien 14 affeqtivefonboth adjustingathe genteace
bet ween the el ectrodes. The increase of the space between the el ectrodes
reduces tieanenayuamt eesistingshe sislmetchinghar ges on the el ectrodes and the
i nfl uence of rgﬂ unbal ance be}tlvveen t he anounts o{ charges during formng a
pattern of thel@res ’rtHH’éstF)i‘/ CHhPAELOR werg@sdpllewsm t her eby preventing
the el ectrod 11‘éﬁ§én@gavi ng a 15 curved shape in section. Consequently, a
surface acousti ave’devi ce has a reduced propagation | oss.

PCT/ JP0O2/ 09926 ﬁg %jﬁl\/s . A surface acoustic wave device conprising: a
pi ezoel ectric % %’f aPe?™qn interdi gital electrode provided on said

pi ezogl ectri cD§H§)s_11rgte; 5 and a reflector electrode provided on said

pi ezo€l ectric Substrate, said reflector electrode including a conmpn

portion apgh 8,36k tRe RALL BI/HO and/or D1/DO (i.e. the greater the space between
the electrodes adjacent to each other), the more the electrode is prevented
from having the curved shape in section, and thus, the propagation loss of
the SAW device can be reduced. However, the increase of the space between
25  the electrodes was effective under the following condition:
H1/H0=z21.2; and/or
1/4<D1/D0<1 and 1/2<D2/d0<6.



wherein said conmon portion and said strip portion of said reflector
el ectrode have respective cut portions adjacent to said interdigital 10
el ectrode fornmed therein. 2. The surface acoustic wave device of claiml,
wher ei n sRCT/JPoatmON24orti on and said strip portion of said reflector
el ectrode having said cut portions havet potentials generated therein
different froma potential 15 generated in said interdigital electrode
adj acent to said common portion and said strip portion. 3. The surface
acousti ¢ wavelnéhe easefthat iommoenvpoationn5 i flentoer elecirvdé eiscut, dbe and
said reflector electrode have all corners adjacent to each other 20 cut
of f. 4. Thwopegatiavdoss ofithe SAW \devike¢arebefrediiegdreten fprea dargesualine of
pi ezoel ectric substrate is split_froma piezoelectric substrate wafer, and
25 wher ei theatatinBlAdOofor examplet BISHOF3R. in a central portion of said
pi ezoel ectric_supstrate wafer is sjaller than an agount of said cut, portion
in an outer plﬁttﬁ%ﬁa% that 8}1%\/5:?191‘).1[{%/%319@3?{@9'2 am 12, thak the rakige
acoustic devi ce, of .clajm 1, erein said.interdigital ele ode and
oo e 1 %0 € Fmaieg b L o sbiae aPVOE?Q%i? s Spghén i 14,906
acoustic wave dg\éi Ele of cl ai mé Ar/&erei glfsqall d interdigital electrode and
sai d ref |RROPEBAEPBIPFHYAS Mot raABcethrePREFaklEss susceptible to etching than
Al. 7. The su ce_agco 6 wave dewmi ce ,0f,claim6.. wherei aid _materi al
01 655 susceth 1 £AES TEVAR A4 Fadi M 60 5Pl RotrioB Sighls 16 ' glRby
surface St | I.c8 O ' i’&hﬁ | N Ld,.] rdi gi .
el ect rodg‘&%x%rE g(g.rl é}@ox%gﬂgl\éx[gor ee%%c%"?éogbe&hsgve El ﬁ%’ciﬁ@gggé’%}g %%%3019 “nore.
of the surface acoustic wave becomes imbalance. As a result, the
10 propagation loss increases.
When only one of the ratios H1/HO, D1/D0, and D2/d0 is an extremely
large value, the propagation loss reduces less. Thus, the ratios H1/HO,
D1/D0, and D2/d0 have to be all balanced.
Cutting of strip portion 10 of reflector electrode 3 in particular prevents
15 the energy of the propagating surface acoustic wave from leaking from the
main propagation region, thus, reducing the propagation loss of the SAW
device.
While metal film 22 is dry-etched to form the pattern of the electrodes,
the wafer, which is to be divided into piezoelectric substrates 1, can hardly
20 irradiated with ion beam 23 entirely under the same condition because of a
problem associated with equipment. In other words, ion beam 23 is applied
to a central portion of the wafer in a direction substantially perpendicular to
the wafer, while ion beam 23 is applied to an outer portion of the wafer at an
angle different from the direction perpendicular to the wafer from the
25  beginning of the etching.

For the above reason, the electrode in the outer portion of the wafer is

irradiated diagonally with incident ion beam 23, thus often accepting the



15 9. The surface acoustic wave device of claim1, wherein a ratio (S/L) of
a space (S) between said interdigital electrode and said reflector

el ectrodes to a thickness (L) of each of said electrodes is 2.5 or nore.

10. The sPCTAPO2409024ti c wave device of claim1, 20 wherein a cut width of
said cut portion of said conmon portiorsin a |ongitudinal direction of said
strip portion of said reflector electrode is 114 to 1 times of a width of
said common portion of said reflector electrode, and wherein a cut w dth of
said cut pidetétohing, and @ tamperatore irise pf the wafer mccelepstestthe afckingof sai d
strip portion. 25 11. The surface acoustic wave device of claim1, wherein
sai d i nt exheafers, tbe@&qtmﬁ@ ﬁerméﬁda@@saymemve@ﬁ ARG imgeetient porti on
f or med PCT/ P02/ 0992 |aIIy t herei n. 12 The surface agcoustic wave
devi ce of cl aithpreve 350619?0% SRACe t&’eéﬂttlil‘ﬁ&j?qtb?fi%fa jacentc onmon

Porti on 16 55‘9'%9 ofier gt t}b%sé%#v Jofiaho e dberteinome drier giorboncel e -

wher 1 aVAEE Huf i"‘f'ﬁ@e%‘em}&ﬁlsu”eﬁwaﬁﬁ?f% e ore iRed e 1B ditn and
id i di. gi 0 el d f wi dt h d

Bortion | 00'33'%* B the Bnfial B o St ko Lt ptherBastredides e [

POrti on_ Of e hPe R3] e 1o PRARNTIANCRreARkE AL KLk BRRGASRE PR Rtbfbge

i nt erdi gi ace acous Ice o

wherein sgj @h&t}iut%? 1toh08f Ltﬁifwé dovdh %vl%éf@hﬁ?%‘?@ctr&?e id riﬁra:'ih!{a =

acoustic wave devi c | al m ereln said cut portion is cut [inearly.
diagonally with 1nc1dent ion beam 23 since the amount of charges per unit

10 length is reduced.

According to the present embodiment, the electrode adjacent is cut
linearly. The similar advantages can be obtained even if the electrode is cut
to form a step or to cut in curve or stepwise. The electrode may be cut into
any shape other than those described above as long as the electrode is

15  partially cut off.

According to embodiment 1 described above, common portion 5 and
strip portion 10 of reflector electrode 3 are partially cut off to increase the
space between the common portion and the interdigital electrode and the
space between the strip portion and the interdigital electrode. The increase

20 of the spaces reduces the influence of the amount of charges on the electrodes
adjacent to each other and reduces the influence of the unbalance between
the amounts of charges during forming the pattern of the electrodes by
etching of the metal film, thereby preventing the electrodes from having the
curved shape in section. Consequently, the SAW device has a reduced

25 propagation loss.

(Exemplary Embodiment 2)



20 16. The surface acoustic wave device of claim1l, wherein said cut
portion is formed in curve. 17. The surface acoustic wave device of claim
1, wherein said cut portion is formed stepwi se. 25 18. The surface acoustic
wave devi BE€T@EPocI®od 1, wherein said cut portion is shaped into a

conbi nation of at least two of a step,1a |inear shape, PCT/ JP02/ 09924 23
a curved shape and a stepw se shape. 19. A unit conprising: a base; 5 a
surface acoustic wave devi ce di sposed on said base, said surface acoustic
wave device i HtGudi rgan ¢lergml partiak view nfratsurfags dcouetidi wavel(SAMECt r ode
provi ded on said piezoelectric substrate, and 10 a reflector electrode
provi ded @evigeinageardanresith exemplanyambodiment 20f the presens dnyventéon.

i ncluding a conmpn portion and a strip portion, said common_portion and
said strip potetdf. Haolementssiymilara tﬁe%e BoF1GohB iHupreting the deyiep of
interdigital e|lectrode; one of bu and a wire for electrically coupling
sai d base® Oglaﬂlﬁntlé a4 f tﬁé?@étﬁ% fame yelerence RYANerady f1®rnefeal i ng

R T E RN G A I T R
Interdigi Eu? ng’cI ﬁﬁ}srtlc')a ?r?g %nre?at%ifee (leonglar?&(;’l%{liafreslg 1%}1rb%tt\%e\é\%ftﬁ(ra ‘electrodes.

The SAW device according to embodiment 2 is similar to that of
embodiment 1 except that electrodes adjacent to each other of SAW device of
embodiment 2 are cut at portions in shape and location from those of

10 embodiment 1.

According to embodiment 2, common portion 5 and strip portion 10 of
reflector electrode 3 are partially cut off linearly, and common portion 4 of
interdigital electrode 2 is partially cut off to form a step. According to this
arrangement, a space between common portions 4 and 5 of electrodes 2, 3

15 adjacent to each other increases more than a space obtained by cutting only
one of the electrodes. Since the amount of charges per unit length can be
reduced, the curvature of ion beam 23 and the influence of an unbalance
between the amounts of charges are reduced, and thus side etching of the
electrode reduces. Consequently, the electrodes are prevented from having

20 a curved shape in section, thus allowing the SAW device to have reduced
propagation loss.

According to embodiment 2, common portion 5 of reflector electrode 3 is
partially cut off linearly, and strip portion 10 is partially cut off to form a step.
The similar advantages can be obtained even if the common portion 5 and

25  strip portion 10 are partially cut off in curve or stepwise. Common portion 5
and strip portion 10 may be cut into any shapes other than those described

above as long as common portion 5 and strip portion 10 are partially cut off.



formng a plurality of reflector electrodes on the piezoelectric substrate
wafer; the plurality of reflector el ectrodes each including a common
portion and a strip portion having respective cut portions forned 25

t herei n aPiC@ag®ok/00024 he interdigital electrode; and dividing the

pi ezoel ectric substrate wafer to obtaixy a plurality of surface acoustic
wave devi ces each including at |east one of the plurality of

PCT/ JP02/ 09924 24 interdigital electrodes and at |east one of the plurality
of reflector Ateurtlingide, emhedimentall dessuitedofibovs eummosr ppxtnowd andur f ace
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W&! 10% & {hhodiment are cut at portions different in shape and location from those of
embodiment 1. According to embodiment 3, common portion 5 is partially cut
off to form a step and linearly, and strip portion 10 is partially cut off linearly.
Moreover, common portion 4 of interdigital electrode 2 is partially cut off to
25 form a step and in curved, thus employing a combination of plural cut
shapes.

Thus, a space between respective common portions 4 and 5 of
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1 3109& ()eleatyodes can be cut into various shapes formed by combining plural cut
shapes, for example, even if the space is tight for the layout of the pattern of
5 the electrode from a design viewpoint. For such layout of the pattern, the
amount of charges per unit length can be reduced. Accordingly, the
curvature of ion beam 23 and the influence of an unbalance between the
amounts of charges are reduced, thus side etching of the electrode is reduced.
As a result, the electrodes are prevented from having a curved shape in
10  section, thus allowing the SAW device to have reduced propagation loss.
According to embodiment 3, one of the common portions is partially cut
off to form the step and partially cut off linearly, and the other common
portion is partially cut off to form the step and in curve. The similar
advantages can be obtained even if the electrode is cut to form a combination
15  of plural shapes including a step, a linear shape, a curved shape and a
stepwise shape. The electrodes may be cut into any shape other than the
shapes described above as long as the electrodes adjacent to each other are
partially cut off.
According to embodiment 3 described above, common portion 5 of
20 reflector electrode 3 is partially cut off to form the step and partially cut off
linearly, strip portion 10 is partially cut off linearly, and common portion 4 of
interdigital electrode 2 is partially cut off to form the step and partially cut
off in curve. The combination of the plural cut shapes increases the space
between the electrodes adjacent to each other even in the case that the space
25 is tight for the layout of the pattern of the electrodes from the design

viewpoint, thus reducing the influence of the amount of charges and the

influence of the unbalance between the amounts of charges. Therefore, the
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5 reduced propagation loss.

INDUSTRIAL APPLICABILITY

According to the present invention, a common portion and a strip

portion of a reflector electrode that are adjacent to an interdigital electrode

10 are partially cut off to increase a space between the electrodes. The
increase of the space between the electrodes reduces the influence of the
amount of charges on the electrodes and the influence of an unbalance
between the amounts of charges during forming a pattern of the electrodes

by etching of a metal film, thereby preventing the electrodes from having a

15 curved shape in section. Consequently, a surface acoustic wave device has a

reduced propagation loss.
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O agl)mterdlgltal el(e)ctrodgprog ed on said piezoelectric substrate;
5 and
a reflector electrode provided on said piezoelectric substrate, said
reflector electrode including a common portion and a strip portion,
wherein said common portion and said strip portion of said
reflector electrode have respective cut portions adjacent to said interdigital

10 electrode formed therein.

2. The surface acoustic wave device of claim 1, wherein said common
portion and said strip portion of said reflector electrode having said cut
portions have potentials generated therein different from a potential

15 generated in said interdigital electrode adjacent to said common portion and

said strip portion.

3. The surface acoustic wave device of claim 1, wherein said interdigital
electrode and said reflector electrode have all corners adjacent to each other

20 cut off.

4. The surface acoustic wave device of claim 1,
wherein said piezoelectric substrate is split from a piezoelectric
substrate wafer, and
25 wherein an amount of said cut portion in a central portion of said
piezoelectric substrate wafer is smaller than an amount of said cut portion in

an outer portion of said wafer.
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etching than Al.

7. The surface acoustic wave device of claim 6, wherein said material

10  less susceptible to etching than Al has larger mass than Al.

8. The surface acoustic wave device of claim 1, wherein said interdigital

electrode and said reflector electrode have thicknesses of 150nm or more.

15 9. The surface acoustic wave device of claim 1, wherein a ratio (S/L) of a
space (S) between said interdigital electrode and said reflector electrodes to a

thickness (L) of each of said electrodes is 2.5 or more.

10. The surface acoustic wave device of claim 1,

20 wherein a cut width of said cut portion of said common portion in
a longitudinal direction of said strip portion of said reflector electrode is 1/4
to 1 times of a width of said common portion of said reflector electrode, and

wherein a cut width of said cut portion of said strip portion is 1/2
to 6 times of a width of said strip portion.

25

11. The surface acoustic wave device of claim 1, wherein said

interdigital electrode includes a common portion having a cut portion formed
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said strip portion and said interdigital electrode.

14. The surface acoustic wave device of claim 1, wherein said cut

15 portion is formed in a step shape.

15. The surface acoustic wave device of claim 1, wherein said cut

portion is cut linearly.

20 16. The surface acoustic wave device of claim 1, wherein said cut

portion is formed in curve.

17. The surface acoustic wave device of claim 1, wherein said cut
portion is formed stepwise.
25
18. The surface acoustic wave device of claim 1, wherein said cut

portion is shaped into a combination of at least two of a step, a linear shape,
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a piezoelectric substrate,
an interdigital electrode provided on said piezoelectric
substrate, and
10 a reflector electrode provided on said piezoelectric substrate,
said reflector electrode including a common portion and a strip portion, said
common portion and said strip portion having respective cut portions
adjacent to said interdigital electrode;
one of a bump and a wire for electrically coupling said base to said

15  surface acoustic wave device; and

a cover for sealing said surface acoustic wave device.

20. A method of manufacturing a surface acoustic wave device,
comprising the steps of:
20 forming a plurality of interdigital electrodes on a piezoelectric
substrate wafer;
forming a plurality of reflector electrodes on the piezoelectric
substrate wafer, the plurality of reflector electrodes each including a
common portion and a strip portion having respective cut portions formed
25  therein adjacent to the interdigital electrode; and
dividing the piezoelectric substrate wafer to obtain a plurality of

surface acoustic wave devices each including at least one of the plurality of
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of the piezoelectric substrate wafer is smaller than a surface acoustic wave
5 device of the plurality of surface acoustic wave devices that is located in an

outer portion of the wafer.

21. The method of claim 20,
wherein said step of forming the plurality of interdigital
10  electrodes includes the sub-step of forming the plurality of interdigital
electrodes by dry etching, and
wherein said step of forming the plurality of reflector electrodes
includes the sub-step of forming the plurality of reflector electrodes by dry

etching.



