- - 10 March- 2006, PCT/JP02/09924 1 DESCRI PTI ON SURFACE ACOUSTI C WAVE
DEVI CE AND ELECTRONI C COVPONENT COWPRI SI NG | T 5 TECHNI CHLMBELAD0Ehe

pr esent pPOTVEPGd/Oibdsel ates to a surface acoustic wave device and an

el ectronic unit including the surface acoustic wave device and used in a
comuni cation apparatus or the like. 10 BACKGROUND ART A conventi onal

nmet hod-for reducing | oss of a surface acoustic wave (SAW device is known

in which el ectrode groups each p@siBIPTEONOf an interdigital electrode
and a conmon portion are spaced by nl/4 of a 15 wavel ength (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
| oss. This met ACOUSTET WAME QEVIEEANIEEERGTROMI(DY preventing
bi -directional excitatign of the surface acoustic wave, but increases a

loss as 20 a result ofQ@MEPPNENELOMPRISINEIBr opagation at some portions

since interdigitating portions functioning as excitation sources of the
intérdigital electrodes are not necessarily arranged on the sane

propagation path. To solve this problem a space between a finger of the
interdigital electrode and ft E@%&Lﬁaﬁmﬁn adj acent to the finger is

determned .25 within 1/8 of tTe wavel engt h, and the finger of the
i nterdigi tal |RFepsRveRtionKalakes 42 ﬁuafa@pmn.stmwwg, evigeland ana cor ner

of a co n‘RPrtion.of &Pe interdigital electrode or a reflector electrode
i s cut PFftromc umt including the surface acoustic wave device and used in a

| communication apparatus or the like.
10
| BACKGROUND ART
A conventional method for redlicing loss of a surface acoustic wave
(SAW) device is known in which electrode gfbups each consistling:"” of an
interdigital electrode and a common portion are spaced by n+l/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 interdigifal
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.




10 March 2006 2 These inventions are disclosed in Japanese Patent Laid-Open
Publ i cati on. Nos. 07-263994 and 09-186543. FI Gs. 6A and 6BiGivarch 200@n vi ew
and an enlarged partial view of a conventional SAWdevice, respectively.
The device includes piezoelectric substrate 1, interdigital electrodes 2,
reflector electrodes 3, common portion 4 of each interdigital electrode 2,
and common portions 5 of each reflector electrode 3. In the conventional

i nterdigi ta'Fhe*t&ach‘mmémnsi rarer dligclaseidngnpdrapiansse aPatetftorlhaid-Openhe same

propagation path to allow a rface acoustic wave to propagate in a single
di r ecth@Hicating Q%iﬁ%ﬁ%hﬁﬁ%%@&ﬁon |l oss resulting from different

i | i ons. it ial . dif b h
P oot C ottes EftcOA: S0E CTRAC A et [viErbauE B Spldiged TRATRAr WY 6F & ho-
| ect rodedng | i I d. i o ian, which
oo i Bmiondle SARE! fotife ® BGIARAVEN]ATHE . WEHE] iBIANEs ' Bieofbipbaty, N ©

i ncr eas%%trafeop,aﬁ@érasgitdl%@éc,trod@stmeﬂe?tfbﬁ%l&éu%bégsi%nﬁﬂaﬁ Porties A ive

corners of the commnh portions cut o can be prevented froma short.

ci r cuigacheihvedipitah eletederderl cdmendn paeionsts bf ehels réfectorcelecaddehape in
section, and therefore, the energy of the surface acoustic wave |eaks out,

t hus ithcleatiengonnvenfionphdgatardigitals sldotvrdeas datergdigitatRyg QportiaBs| &¢ENTI ON | n
accordance with a first aspect of the present invention, there is provided
a sur ffgwedc%s@ﬁcsam@em@ag@@%mﬂi 9 ﬂgow,a apSBHAY ACORFUC SHBYE (18t e; an
interdigital el ect.roFIe igr_c%vi d on%cfai.d gli}‘gz‘oel ectri]g)gsubst{.at . and a
r ef | edBPAEUPLRA YRS HiteA Ul RS Lefuripg B6 epRvarsion s iequting d

£l _ c . : : Cian.
o c el S AR BFLhRg FoBTER IO RbEAo PR aEALE bR 40T,
el ect regalqrdiry %d%&%ﬁ?fd e¥ch IStHer iﬂﬁfeg%éﬁgl% ﬁfeeﬂ}m{iﬁﬁﬁﬁ' fhe! &lbsirdlgd,t al

el ectrode fornmed therein. I'n accor h a second aspect of the

i nventtheresiltiepeeliestrpde \liates carvedishap® i 'sestion, whidlpsgused dlergaed acoustic
wave device di sposed on.said base, |
the surface acoustic wave to leak out. This leakage increases propagation loss.

Althbugh the electrodes having réépective corners of the common portioias cut
off can be prevented from a 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.

SUMMARY OF THE INVENTION

In accordance with a first aspect of the present invention, there is
provided a surface acoustic wave device comprising: a piezoelectric substrate; an
interdigital electrode provided on said piezoelectric substrate; and a reflector

. electrode provided on said piezoeleciric substrate, said reflector electrode
including a2 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 electrode formed therein.

In accordance with a second aspect of the invention, there is provided a

unit comprising: a base; a surface acoustic wave device disposed on’ said base,




1 0 March 2006 2a said surface acoustic wave device including a

pi ezoel ectric substrate, an_. interdigital electrode provigRdrohrecsai d

pi ezoel ectric substrate, and a reflector electrode provided on said

pi ezoel ectric substrate, said reflegfor electrode including a conmon
portion and a strip portion, said comon portion and said strip portion
havi ng respective cut portions adjacent to said interdigital electrode;

one 0fgqaq DR, ANdcBudid ewlagée _ &%ﬁg& rﬁ%ﬁidjﬁgceuaiézme%?ﬁé ag)%gr&gaggi d

surface acoustic wave dev ; a cover~for-sealing sal acoustic

wave jpexidigital Blereledgingdull o sriliedosierast sobstriiR, aadentdfRgtort here is
provided a “nmethod of manufacturing a surface acoustic wave devi ce,

conpr idectgodeeprovedes] afni safdrpiengelectplcusabstratepfsaidt mflbictnrt @lecttodet r odes on
a piezoelectric substrate wafer; formng a plurality of reflectaor
el ect ringhxiing atopmisionzpertiontandca sty perian, wafkeommor portipn|and said
reflector el ectrodes, each incLudiqﬂéa Connnnﬁgprtion and, a sttiﬁéportion
havi ngtFiPs peEtiPPe haying JiesPeFive oFHedorHensi Adiagrnic it said mierdigiialer di git al
el ectrgde: and di vi.di t he piezoelgectric . stra fe btai,n a
ol ur a1 5ee0E e, BE L By nd G R8 B By obMndTE b BORRN0,E o
t he t . Qi tal, . .al Qoes : lurality
of reﬁdgf:at%% ra%og%té%'ﬁag(r?cehs&lé ea'rn gieﬁ‘c\g{g arrm?%?ﬁlnog %?irﬁlzﬁgg%&g% r0 '?l ?%él %Vea surface
acoustdesimmve device of the pluralty of surface acoustic wave devices that
is located at a central portion of the piezoelectric substrate wafer is
smal | er- t hda accwdinee wide authiid aspact ofethecmvehtiohe thkrer 8l provededs ar f ace
acoustic wave devices that is located in an outer portion of the wafer.
The SAwethediafemandfagmrisger sudariecagnstic wave davigg, compaisinge thenstgps Blis have 10
Nhrch:3006 PCT/JPqZIOQ 24 3. . . . '
: orming a plurality of interdigital electrodes on a piezoelectric substrate wafer;
forming a plurality of reflector electrodes on the piezoelectric substrate wafer,
A ~ the plurality of reflector electrodes each including a common portion and
a strip portion having respective cut portions formed therein adjacent to the
interdigital electrode; and dividing the piezoelectric substrate wafer to obtain a
pluralty of surface acoustic wave devices each including at least one of the
pluralty of interdigital electrodes and at least one of the plurality of reflector
electrodes, wherein an amount of the cut portion of a surface acoustic wave
device of the pluralty of surface acoustic wave devices that is located at a
central portion of the piezoelectric substrate wafer is smaller than a surface
acoustic wave device of the pluralty of surface acoustic wave devices that is
- located in an outer portion of the wafer,
The SAW device and an electronic unit including the device may thus

have




smal | propagation | oss. BRI EF DESCRI PTION OF THE DRAWNGS FIG A is a plan
view of a surface acoustic wave (SAW device in 5 accor ¢ianMaech2ads
exenpl-ary embodi nent | of the. present invention. FIG IB is an enlarged
partial HEWIBN20R8246AW devi ce in accordance with embodiment 1. FIG 2Ais
an enlarged partial view of a conventidnal SAWdevice.. FIG 2Bis a
sectional view of the device at a line 2B-2Bin FIG 2A 10 FIG 2Cis an
enl ar ged partll al view of the SAWdevice in accordance wth enbodi ment 1.
FIG 2D ismallpzepagHan lessw of the device at a line 2D-2Din FIG 2C. FIG
3 is a sectional view of an.electronic unit in accordance with enbodi nment
1. 15 FIG 4 is an enlarged partial view of a SAWdevice in accordance with

of A SAW dEL’?SS‘ ?ﬁ“éc%@ﬁégﬁﬁﬁswmﬁmmm&g? of the | view
i nvention. 6% is a B an vi e off Sthg conventt onal ?Vav vhge 20 FI G
B s g% enl o if3d 5‘;}% PaPlaft Kot A N*g A REPBRAT SR G mB%mFI =
_| S ﬁ BI art ?/I g%’ I%gltgﬁ?‘ggﬁggggggﬁad% n‘?él é%@(?g\%{%g%%{o% accordance
enl ar 323”5. ZCVF‘ GBI oo BB of BHE AR dq06 1h Meppd s, C0
i-ncl udes dift pubstrate 1, interdigital electrode 2, reflector 10
Mar ch 2006 PCT/ J&gl%éﬁQM 4 el ectrodes 3, conmon portions 4. of

interdigital PIGCIAEEn2nI#APEAPMRRIViORf a conventional SAW device.
FIG. 2B is a sectional view of the device at a line 2B-2B in FIG. 2A.
10 FIG. 2C is an enlarged partial\ view of the SAW device in accordance
with embodiment 1.
FIG. 2D is a sectional view of the device at a line 2D-2D in FIG. 2C.
FIG. 3 is a sectional ‘_vie“;ﬁéf. an electronic unit in accordance with
embodiment 1.
15 FIG. 4 is an enlarged partial view of .a SAW -device in accordance with
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.

.\'l\»-/‘

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 Embodin_lent- 1)
FIG. 1A ié 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




. propagation

5 of each reflector electrode. 3, input term nal electrode 6 and out put
termnal electrode 7. The reflector el ectrodes have cut poMaren2008 f or ned
therein, respectively. 5 1n FIG 1B, a space HO is provided between
i nt er di giPCAJROZPCI92ade 2 and reflector el ectrode 3 before the el ectrode 3
I's cut, and a maxi num space HlL between interdigital electrode 2 and
reflector electrode 3 after the electrode 3 1is cut. The common portion has
width DOin a longitudinal direction of a strip portion before the
el ect r odele®ticsles s, commdon peridomndrofotardogitalselectrody 21 comeximpeortians wi dt h
D1. The strip portion is cut bg maxi mum cut wdth D2 neasured from an end
- of the sbriop gasht ireflectporrjectirads ohginpiah rfarminale eldcorpdea fd andd oHtRMY bef or e
~the electrode 3 is cut. FIG 1A schematically illustrates the SAWdevi ce of
embodi neferminalieleetrode 7actliw reflegtonelasteodes| kavey euy ppeiionh Solormesh
respective lengths of 15 the electrodes and a relative relation between
the el ecthexpanpsppelavelsde spaces. According to the enbodi nent, each

conmop por i g gehui el cclogy Ebectiols 2. hes o P ScHt ol Jpear v
5 22 LOhONS: Shat A bR e et ] R0 [BES ShetR et ongho
R L I T
gener o e b, 2T LRUGRGE Rl 0BT BT Bh B Aot S,
o o, S5 P it U ts KA Ept ol pIESE,
t he P es iHxiHhdYRGE Rvid 0 © 1IPCTHRPA21 P88 on iPeut by maximum cut width D2

measured from an end of the strip portion along its longitudihal direction

and width dO before the electrode 3 is cut. )

| FIG. 1A schematically i]lust;étes the SAW device of embodimeng .‘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
electi'ode 3 has a portion cut off linearly at a corﬁer facing interdigitall
‘electrode 2, and each reflector electrode 3 has portions cut off linearly at its

20 Qutermost 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 iJattern of the electrode, thereby allowing th_e SAW deirice to have a reduced
propagation loss. |

A method of manufacturing the device in accordance with the present




enbodi nent will be described. Afilmof netal, such as Ti, having a 10nm
thekness is formed on piezoelectric substrate 1 shaped noMasadhe2008f Li TaO3
by sputtering or the like. Next, a filmof netal, such as Al, having a
100nm t hi RKREE82/089846r med 5. on the Ti film by sputtering or the like. The
above process is repeated twice to stagk the Ti and Al filns, and provides
net al f,iIm22 I ncl udi ng the AI filmat its topnost |ayer. The netal film
22 has a 22 t hi ckr]fré oq[der_of the stacking of the Al and Ti filns
and t he t‘-‘r’ﬂCl 1 ?élleﬁ?réb? I m 22 may be nodified according to 10

thiough o s pgeﬁﬁeﬁem%%bf%@ia%‘y J,'f@?wﬁ%a% Gy kg{ﬂféﬁﬁgﬂ Lo 08
e b iy R
Phe. v er Wﬁﬁt,t%bﬁaﬁ e R AL Mg B lﬁnﬁn{hﬁ%ﬁ%scr%tfé?@&
devi c s ojlgtﬁ)é'Tﬂgja}PCbgf %ﬂggdﬁiﬁﬁe I{éhs met hod reduces an influence of the

potentlal and ring e etching of at the pi ezoel ectric
substrate a”drhﬁ%gge 63‘}98&5% 165, %Ext&{‘ id& EdJéeéfc %nid“AP nfif the
el ectrodes on 't ezoel ect ICc su trat e wa nsequen ural

SAW devi Ex%vﬂ@s%@&d filkd 92‘1ﬁ5ﬁd¥‘ﬂ% €he AR YRS Qﬂitﬁ%gpﬁf%fst ﬁy&nsm@ ﬂé@aﬂagat ion
| osses. shown in the pattern of FIG 1A each common "portion 5 of

ref 1 ect orfilneRechdPE 2oRraflithaditess.0 THE rdbfbl the 8tL&MiNSE tReliSaid Fr ti on

partially cut,. so that each. of four common portions 5 has a cut corner

facing t Milnghaddily thickasselotahsndie fac [220fn dyh e emodifict @scdiding to
thickness of 220 nm and ratio S/L of electrode-to-el ectrode space Sto .7

t hi ckoessehuifenidieg. el ectrode is 2.7. El ectrode-to-el ectrode space S
corresponds to a space between 10 March 2006 PCT/ JP02/ 09924
Next, resist 21 is applied on metal film 22, is exposed through a
specified photo-mask by, for example, a stepper, and have unnecessary
’ portions developed away to leave a épeciﬁed patterh. )
Subsequently, metal film 22 is, for example, dry-etched to form the
15 pattern shown in FIG. 1A. Thereafter, the remaining resist is.removed, and
the wafer having the pattern formed thereon is cut into discrete SAW devices
‘12 by a dicer or the like. This method reduces an influence of the potential
and heat generated during the etching of at the piezbelectric substrate and
hence reduce variations in curved shapes in section of the electrodes on the
20 piezoelectric substrate wafer. 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 'électrodé is 2.7.

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




interdigital electrode 2 and reflector electrode 3 adjacent to the

el ectrode 2 before the electrode is cut. Each of the cutlOpdarth 2006
-satisfies the following conditions: H/HO=1.7; 5 D /DO=0.75; and :
D2/ dO- | . PCIWRIR/09824condi ti ons being satisfied, the el ectrode does not have
the curved shape in section. During tdhe etching of netal film 22, the

el ectrode is having the curved 10 shape in section in the follow ng
manner. FIGs. 2A to 2D are. conceptual @views illustrating shapes of the

el ect r odasteadigited edectirpde 2 PndseflegtonrededtBodd Bl adjacentetoatlooalestrodertal SAW
devi ce having no cut portion between electrodes adjacent to each_ other.
When drybefarnithg ¢leciyede a3 gutl fBack of thagut morpans sptisErsdheifpllevme 15 24
resist 21 is charged in negative since ion beam 23 consists of ion charged
posi ti veP?ﬂdlﬂ@SFret al film22 and piezoelectric substrate’l is charged

positively. E’Eﬂil iop beam 23 flows in straight at an initial stage of the
et ching, and. -Zgl y etches netal film 22 substantially in accordance

“with the sha f resist 21. However, as the etching proceeds, the anount
20 of®char gei?]cfﬁ](]r?&'iﬁ%’ 3% m 22 and the amount of charges on piezoel ectric

substrate 1 ﬁgﬁagi% I ncrease. Since piezoelectric substrate 1, netallic
filmz22, and b 23 are charged positively, the positive charges of

122, a n: ) P e
char ges PEbAhEcRRaBAERRES FGhAsy WRELIRkSa: AEBGog TR Rved ng 1 on

beam 23 Eﬂa}ﬁéjiﬁ’ﬁe alfway and strike a side of metal film 22, whi ch results
in side etching. Accordingly, atons.are ejected fromthe side of netal

Fiim22 by | 9ulhaThé3eciing THELA L1226 tHO e MREOA A0 Hviitd AHECREAP 24

10 shape in section in the following manner. FIGs. 2A to 2D are conceptual
views illustrating shapes of the electrodes at the etching. FIGs. 2A and 2B
illustrate a conventional SAW device having mno cut portion between .
_electrodes adjacent to each other. . | B

When dry etching ié 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 substrafe 1 1s charged
prositively. 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 bf metallic film 22 and pieioelect:_:ic
substrate 1 repel ion beam 23. The charges prevents ion beam 23 from

25 ﬂowing in stfaight, 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




7 atonms re-adhere on edges of netal film 22 and piezoelectric substrate 1.
Such a phenonenon continui ng causes conponents of netal {0 Mard2006

accurrul ate on the sides of netal film22 and the piezoel ectric substrate,
t hus nmakPRY/dPR/@A9%dt r ode have the apparently-curved shape in section. As
the 5 dry etching further proceeds, a portion of resist 21 is ejected by
I on beam 23 and is carbonized to adhere on the surface of the curved
portion 24 in section of the el ectrode. Under the situation for the

el ect r ode at@Rsgyadhers on eslggatafnmedal fidme 22 z0d quproalesisic sukgrata 1f r om
curved portipn 24 in section of the electrode.. 10 . Accordi ngI% t he
propagat i SMCRodsPheperagaen coRbNUIRE SR seTe cRmbarens of apatalr 48s 23dfUcent

Ooc, et et 4ot e AN h a0 B GRS 1Bl
oot SRR 858 ST BAL R ST B S ML P, ™
o o, B SR e S B B MR R bl
et veeh, | 58l BFLTRAS, B0 L R LB AR B 2o,

20 el ectr ﬂ%eze Bdohef | ector electrode 3 to be larger than a space between
el ectrodes of the conventional SAWdevice, thus reducing f the influence of

el ectrical chyffferOheGtdatibh fR e RICktFGRY CLiBaR of U 1%?3‘# tidle s@fagEam 23.

Consequently, the side etching can be avol ded, So that. cormmon portion

and the shédustROWhiveledkS ot BNANIRAvEA PBrbiRY 24 ihhRchivhVeditehaResrods.
section. 25 In particular, the increase of the space between respective

corneis OAcédrdit@fMahe Pprdpapasiodf léde inbrekegdagdpigvettirémieh@asaymie
portions from being short-circuited with each other. The i.ncrease of the
space bet gleetrofits Maljadern20d6each other are short-circuited, thus deteriorating a :
property of the SAW device considerably.
To prevent the phenomenon, according to the present embodiment,
_ ‘each common portion 5 of reflector electrode 3 has the portion cut off linearly
15 at a corner facing interdigital electrode 2, and each reflector electrode 8 has-
the portions cut off linearly at its outermost strip portion adjacent to
intérdigital electrode 2. The space between interdigital electrode 2 and
reflector electrode 3 thus increases partially. |
.Such shape described above allows the space between interdigital
20 electrode. 2 and reflector electrode 3 to be larger than a space between
electrodes of th;e 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 etchingcah-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




PCT/ JP02/ 09924 8 strip portion 10 of reflector electrode 3 and
interdigitating portion 9 of interdigital electrode 2 rddn=esh bemkage of
the energy of the propagating surface acoustic wave, thereby reducing the
pr opagat iIRGT/IBe& 09924 egi on between interdigital electrode 2 and reflector
el ectrodes 3 is 5 small, while a large region which is contiguous to the
small region and has no electrode is provided. Wien the etching is
performed for formng the small region and the |arge region

si mul t ansbupl portidre liloof neflecios elsstiogde dsaud tinterdigitatingegoxtion anf becones
the large region, and a region that becones the small region is provided
with t he Intayapsbeh elegtiedag? inedutesideakape pé therednergegofothe propagaieded
sufficiently for becom ng the small. region, particularly in an area where
t he smal BUkifgeagpyetic Bgventhareby cofduripgdihe nrepagabinndester . Since the area

which is not etched sufficiently extends fromthe onmon_portjon to a
portion of t%rgwnpﬁeﬁ&fqepomteﬁ&taﬁ wéeqtmdeeas@cbrefﬁwor plecipdes Hag ween

t he respective mmop portions of the el ectrodes prevents the short-circuit
bet webn ERALLEEHE Gulheee sarionaRith i emiAgueYRote tha smalbredis andibasy of

‘bt veon: EREEPRPRE portiosna WHeR 1 siRaPra PRTaerdder QNG DR o0,
his facilJ - th I ' the . ' hat. b
e smal P FEfioh fnd B Thrfe ropfod SyutdpliRll Pl 3% abRRLA0 dflana  chus
I | ACK] | £ f
or opagat 1 he S PstRSoaf B Heookldh hERIRE Pl CafCE Helln B

propagat peihrh8s$ the BB kdgion 1% rEwWARR! With Bledlon! Bdath 322805 it.ezg'ﬁ'tugﬁ ric

substrate 1 have 25 the sane anmpunt of charges, the incredse of e space
bet veen the sed ATtrbpiRSis et a46hdd LARABAIY B8 becbRfihg! the LRI digbhal

electrode 2 and reflector electrode 3 reduces a relative interactions
- between phgtitlapBCin ¥ @LLGVESR fHREMAY & large regions are contiguous to
each other.
Sihce the area which is. not etched éﬁfﬁciently extends from the
éommon portion to a portion of the strip portion, just the increase of the
| 15 space between the respective common portions of the electrodes prevents the -
short-circuit between the electrodes, but cannot prevent the leakage of the
energy of the propagating surface acoustic wave.’ |
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
, Ieakage of the energy of the propagating surféce acoustic wave can thus be
reduced fqr smaller propagation loss. |
Even if, for example, metal film 22 and piezoelectric substrate 1 have
25 fhe 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 March 2006 PCT/JP02/09924 9 netal filns 22. This reduces the curvature
of ion beam 23, thus preventing the el ectrode from havi ngManch/2abeporti on
24 in section. The dry etching provides netal film22 and piezoelectric
subst r at @AT/JRO2/099%e el ectrical charge. not snall as a whole. The
direction of ion beam 5 23 is affected not only by the anount of the
charges itself but also by a partial unbal ance of the anpbunt of respective
charges. In other words amounts of respective charges on interdigitating
por t i ons meted filmse?2i gFhisi redarces thogarvatine phiprebeamcihdhua peeyenting vel y
bal anced because of a smal] difference between the anobunts of respective
charges &Reelretrodechamyhewinggyryod pertipsd o sestignf f er ence bet ween t he

anount of charges on copmon pQrtio nd t he amgunt _of char,ges on
i nterdi gi t ati e MY 9tehing p@Vdﬂ%%ﬁﬂ@j@héﬁa% &d a%@@aml%c&wbﬁmtpoh 4 and.

interdigit t h diff h oth Simlarl
e L N g
h t t 0 th t 5
R T e
I I | ar l.y, th th b .
o b il &gi%ﬁegezmto e,
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curved pe I n sect rence between t anount of char ges on

conmon pﬁifféx‘éﬂcé‘ Héftweéﬂttﬁb‘iirﬁb&ﬁds @ﬂl%@,Pé&@\ee &afgést&@tm&dﬁgha& ges on.
common portion 5 of 25 reflector electrode 3 1's often generated, us '

causiimg pbetieh£9! r ad@iffe@e e/ Be v tida SRARE of Chafsds @ eorEvfh p@rtﬁﬁﬁ es that
t he space between the

4 and the amount of charges on interdigitating portion 9 is often generated

because common portion 4 and interdigitating portmn 9 have areas d1£ferent
from each other. |
Similarly to above for reflector electrode 3, a difference between the
15 amount of charges on strip portion 10 and the amount of charges on common
portion 5 of reflector electrode 3 is often gemerated. Since the electric
charges are all positive similarly to the charge carried by the ion beam, the
unbalance between the amounts of charges causes thé beam to be strongly
repelled by the portion having the larger amount of charges. " The ion beam
20  is thus forced to curve in a direction opposite to the portion, thus proceeding
the side etching. Consequently, the electrode hés -a noticeably curved
shape in section. |
The difference between the amount of charges on common portion 4 of
interdigital electrode 2 énd the amount of charges on common portion 5 of
25 feﬂector el_ecfrode 3 is often generated, thus causing the electrode to have a -
curved shape in sectioﬁ. Even in cases thaf the space between the

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




el ectrodes are the sane, the el ectrode often has the curved shape in
section 10 March 2006 PCT/JP02/ 09924 10 between the respestareh 2a0HoN

- portions of the el ectrodes, thereby causing - the short circuit between the
el ect r odBET/HU2/G%924above reason, a part of the commpn portions adjacent to
each other is cut off to provide thelg@pace between the el ectrodes. The

I ncrease of 5 the space between the el ectrodes reduces the influence of the
unbal ance between the anounts of charges, and reduces the curvature of the
i on beanbetwears the gespastivef cosmmopnpertiangpf the plectrpdeshthaebrtoagdingan be
inhibiteq%fron1 having the curved shape in section. Common portion 4 of

i nt er di g eaﬁh%ﬂté‘élf%*éjgetﬁ%ﬂt%@epﬁpéﬁ- anount of 10 charges than common
portion 5 of Qg%hgctor el ectrode. 3 since having a | arger_ . area, and thus,

portion 4 of ahgye regpoRda fxbofi the commgp parkionsradiaseniote ea

bot h of St et 9l ERrorit tiarrAsee @ therelefeodSs. Tt BaRss of t he.
cont & °r e, SBAES PR ihe e Reroli Tediient Lo RIRBSR A% WbAIER ect o
cutt i ng. SroasH BB Rnk 65 BAPRER dpirsitptre MRS De o BREAIART o ¢ he
et oct of PR HHEBLah A48 bELGRM, Bb hal fe Mrode DR OGRS "

el ect r 0dg,¢inHNWMANed SRSpotNHEbsE My have one or nore cut portions to
reduce the E)lropagatign Po)s)s. ‘IS'he propagation |loss i's reduced nost by

CaLing, o, ConBemnairs of g g Rey ot i sl ssgack o o7
a se@t i aftalrges ehaffcolifioR lpoetivars 6f rafldctbneledtlions 534Yits Qlﬁlvﬁ@g 4darger
area, and thus, portion 4 often has the curved shape in section. '
Common portion 4 of interdigital electrqde 2, common portion 5 of
reflector electrode 3, or both of them may be cut to obtain the same effects.
In particular, the cutting of common portion 4 of interdigital electrode 2 may
15 = change a center frequency, and thus, the cutting of common portion 5 of
reflector electrode 3 influences the property of the SAW device less than the
- cutting of common portion 4 of interdigital electrode 2. |
According to the present embodiment iHusﬁrafed by FIG. 1A, four
common portions b of reflector electrodes 3 haﬁe 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 electrddes 15, terminal electrodes 16,




The el ectronic unit |ncI udes base 11, SAWdevice 12, bunps 13, pad

el ectrodes 14 of SAWdevice 12, |ead el ectrodes 15, ternﬂ@&darc&imﬂsrodes 16,
10 March 2006 PCT/JP02/09924 11 cover 17, and adhesive 18. Pad el ectrodes
14 | ocat @A ERWIPvi ce 12 are provided with bunps 13 nade of gold or the
i ke attached on the el ectrodes 14. SAWdevice 12 having bunps 13 is then.
pl aced -f acedown. towards base 11 previously 5 provided with | ead el ectrodes
" 15 and termnal el ectrodes 16, and bunps 13 contact |ead el ectrodes 15,
respect i ¢8Y§t 1%&&% adbesive 18oupl ed to base 11 by, for exanple, ul trasoni c
wave. Base 11 V] ng AW devi ce 12 gﬁ&ﬁw ded with CO‘&E 17. havin

adhesi ve 18, p dék locatrd en 9@10@281% akeproyEsed Fyith Pﬁen is

the. el ectPom a@e%?éjol Yo et attae 5315}'& ‘?ﬁ%%‘?%yeil%ﬂof’égvt#ﬁ%gﬁwsg;g
\Z/‘\%;Vj“”: bondtﬂmqp@af%ﬁ e A oA E e o PO ﬁéﬁ%ﬁ&fﬁ%ﬁ : 7 °
o orar BESaRHRREdeRd dradey 15 Huf a@ﬂ@@@f%ﬁ%@ (SRE bRt Iﬁ?ot
et ween ENACESs iR d3a0eE TRl AiPeo PN myhEs ThOGRIRREIR, %&i%f}’a
charges pgr, élﬁlﬁ@ﬂé&%ﬁu@%ﬁh”%e{ ?ﬁgﬁigﬁﬂg SCAW"&é I‘Qf id gﬂwﬁ&

t hereby reducin e etchin trodes I'S reduces

propagat Lah l8ver 97 #ins Wiheadydlay %‘é‘\ch sélﬁbf kﬁhﬂe“ﬁdl‘?&ﬁ% 1@dfced he

| arger the region which tnder goes the e etching the electrode is

suscept i Bhge 19, 441 théslGsHeabbd go BB%ehRed ‘tvml SRRE AFDPEedlites Eq@paRht] ONs Or-.
particles. ZHowever, the increase of the space between the el ectrodes .
adj ag@ent thas ﬁ?@sﬁdﬁié"ﬁ{e leetiease hhft. amount  of
SAW device 12 may be mounted by another method, such as wiring
_Bonding, according to requirement. Adhesi_ye 18 may be made of goid,
brazing filler metal including gold, or plating including gold.
While the elecirodes 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 2?;, 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 ﬁo each other reduces the amount of
25 éharges per unit length, and thus reduces the curvature of ion beam 23,

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

prop.agation loss of the SAW device. -




25 charges per unit length, and thus reduces the curvature of ion beam 23,

t hereby reducing the side etching of the el ectrodes. Thi $0 Matthc2006t he

. propagation | oss of the SAWdevice. 10 March 2006 PCT/JP02/ 09924 12

Accor di nfPCTIR020992dsent enbodi nent, the thickness of the electrode is 220
nm and the cut portion of the electrogles satisfies the foll ow ng
conditions: H1/HO=1.7; 5 D1/D0=0..75; and D2/d0C=1.5. The thicker the

el ectrode, the larger ratios H1/HO and D ./DO need to be. The el ectrode
havi ng a t hi desesdingdesherpresespamhiodiment, thesthapknesseofithetdlectredeles
etching. 10 Even in cases that the el ectrodes have the same thickness, the
nar r ower 22fenspagndpshoeeit mestioncof ride eleatrdasp satisfies bdwmfpHowin@ct ed by
the electrical charge of the charged el ectrodes, thus often causing the
side et EPMEGOBE- t he el ectrode, and increasing t he propagation | oss. For
this reason :ng space between the el ectrodes should be determ ned

accordi ng tofi QRQ*’hlckness of the el ectrodes. According to the present
enbodj nent, 020 ro has a 220nmt hi ckness, and-ratio S/L of the

spac S bet é\ trodes to the thlckness L of the electrode is
2.7. The Iargﬁé éaL 0 S/L reduces the side etching nore, thus reducing the
propagati on g r the electrode having a 150nm or nore thickness,

bropagat £55 ek I BIRaRs GBS el SaRbSTHPER sB0 PIYR JRAE Y the
et ohi 10, 11306 RS NG biARRRAIELI Bl 95BnnfSs IRSCHIDEFHAROMSEm e

conditions for e rtion ectro
side etchmg.
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 prbpagation loss. For this

_ feason, the space between tﬁe electrodes should be determined according to

15  the thickness of the electrodes. According to the present embodiment, the

electrode has a 220hm 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 prop'agation 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 Ibss.

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 fhe thickness of the electrodes.
25 o Moreover, the electrodes made of matei_'ial 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




adj acent to each other and the space between the el ectrodes should be
determ ned according to the thickness of the el ectrodes. 12baMv20®8er, the
el ectrodes made of material |ess susceptible to etching is etched |ess
even whel(ThéP@d/e¥2dodes are attacked by the charged ions or the charged
particles. The increasing of the spac&3between the el ectrodes 10 March 2006
PCT/ JP02/ 09924 13 adj acent to each other prevents the el ectrode from bei ng

. affected hy the side et ching.. Thus, the SAWdevice has a_reduced
pr opagat PEIRess 4o eaﬁhpﬁberdpye‘r@péﬁ the eleptrade frppnbeing affegted by thy side

el ectri cal cha mjrradi ated thereto inclyding the ions
striking® Chiting. | Mhweetie SAE7 devige b redyoadpropagniign O%?ger mass |
| eason " the. dBtthe I B f”aﬁbxe%ai Rilwed? if el brdbrrgemicalfuiangsd (or ©
resistin e side rradla |on e el.gect rode of
a Saw hodh B8 ?glhi%ﬁwiﬁ@ﬁﬁa%e igf “Aﬁngiha ipfip et h ﬁﬁ%te?#% 7 ihe

Vi ce .o e odi nen be made 0 suc as..Ti c as
Caraer  nifeta] Ane 28 WAL R REd f%ﬂ%e%?%ﬁeﬁge%w ; eéff%?}%“’@fa%
However , of I
provides Pﬂﬁ %k&ﬁdﬁgﬁggﬁ%??% afggn QH%ﬂmﬁg%ﬁ%§€4 @ﬁﬁhﬂ%kﬁﬁﬂ
frequenc | f I s and
15 '?he Iéfga-eg&rer%slslwl?ﬁl stggiykrg%* s aé[)lf?)%qlggﬁg% E?‘% \%1&? agig?h ggjdustl ng the
center L&ggﬁ&@gxoﬁmgaﬁ§5|stlng the side etching. The conditions for the
cut portion were as follows: H1/HO=1.7; D 1/D0=0.75; and 20 D2/dC=1.5.

The larger t i e¥dtfoddlota SAW devidl OtipicallytRaderdfaAEradd'ehapatke bet veen

10  electrode of the SAW device of the embodiment may be made of metal, such

as Ti, which has larger mass than Al, for reducing the side etching of the
electrode. However, the electrode made of only such material having large
mass providéls; the SAW device with a center frequency limited within a low
frequency. Thus, the combination of the materials having a small mass and
15 . the large mass in stacked relation is effective for both adjusting the center
frequency and resisting the side etching. |
The conditions for the cut portion were as follows:
HUHO=L7; | |
D1/D0=0.75; and
20 - D2/d0=1.5. -
The larger the ratio H1/HO and/or D1/DO0 (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 fhe electrodes was effective under the following condition:
H1/HO0=1.2; and/or
1/4sD1/D0=1 and 1/2sD2/d0<6.




the el ectrodes adjacent to each other), the nore the electrode is prevented
from havi ng the curved shape in section, and thus, the pl@®phget2a06 | oss of
the SAWdevice can be reduced. However, the increase of the space between
25 t he eP€dyiPai¥goofds ef fective under the follow ng condition: Hl/HOz1. 2;
and/or . 1/4SD1/DGCsl1 and 1/2sD2/dos61410 March 2006 PCT/JP02/ 09924 14 In
the case that common portion 5 of reflector electrode 3 is cut, the
propagati on | oss of the SAWdevice can be reduced even for a |arge val ue of
the rati o Hl/AIBGhef egseethatptamnien portion § af réfdeatar elachendet Bds reaxti dhedl/ HO i s
“not larger than 1.2, that the ratio 5 D 1/DOis smaller than 1/4, or that
the rati sHowpgaton lossef|therSAWadewice canrhe rqshusgd gvenofer laokagge wadue ef
reduced renarkati_lﬁl. | f the raaio dQ is larger than 6, the cut portion
ext ends the sanathl/HG dopexanp %r@%%@rﬂ%g the surface acoustic wave, and

t hus, the prqpagation _of the surface acoustjc wave bec s inbal ance. As a
result, the (h}dgﬁﬁr‘éﬂf’ﬁg%‘lait e o L1560t iRt ERT Sﬁ?“} ]ofzena'tﬁt ttrﬁ%er%té?ios-

1 CHIo A GRS S el BRI,
bal anced. Cutting pf stri ortion 10 q flector electrode 3 in
parti cul BFOIE}%’\%&{ 88 T?St‘ﬁ%tpreeﬁ%'rcﬁg rgl*nqr 3{’ ropagating surface acoustic wave
[ om ) ok, 00 DI PLRRRRIAAGT 9 8 gl BN B8 MR
LB Bl 5 GBS ORGS0, il e, od rflifed 7o
. ef‘t irel yotingdRr dheiceaiRoGoRdi (o080 Deesmes fhbflance. 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 prépagation 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, whileion beam 23 is applied to an outer portion of the wafer at an
angle different ﬁom thé direction perpendicular to the wafer from the
25 beginning of the etching.
For the above reason, the electrode in the oﬁter portion of the wafer is

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




. probl em associated with equipnment. In other words, ion beam 23 is applied
to a central portion of the wafer in a direction substant® Margh 2006
perpendicular to the wafer, while ion beam 23 is applied to an outer
porti on oPCTH®OR@OB24at an angle different fromthe direction

per pendi cul ar to the wafer fromthe 2B beginning of the etching. For the
above reason, the electrode in the outer portion of the wafer is

irradi ated diagonally with incident ion beam 23, thus often accepting the
10 March sideat roRl eoEmpamtyrelgise ohithg waled accelewptasathe etehing. of t he
waf er accel erates the etching. . Therefore, the electrode tends to easily
have t he Ehetederes bhpeldciragdectends topasgy hasiertheriurvpd shareapsectior space
bet ween the el ectrodes_adj acent to each other of the SAWdevice that are
| ocated in t h&o prewantibis phangmengp, the spagedetveendhersledsedesadiacent; ger

Lhan the Spacs, Huean LhE, ) SoLIeUis,  eodhed i e Coplr ol portj gn of (ne
' d th id tchi f ot | ectrod in th tfer ] [ f th f
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23 SLnCe RSy S EATCAERORO MO bond HAOLY LS, LEE SO Acprdino Lo
simlar %%Ht&%eéf i%ﬁ%é)a‘inai%[‘ Qh&ﬂ%n%%.‘f@dh% Y1 PILELHGE oF §h§ Weothef OF M a -
St ep or to cu I'n curve or Stepw se. hié ér ectrode may e Cu |nto, any.
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shane ot b abyb Rseuliecs LIECahovs A 0 (5, GSLECH et

portion E’tiiﬁg&lnalﬁ h"v@i@h RAEICAR 140 vank ﬁzfé §i5c0"the! HRbHALST %géf{eespﬁ% {érﬁicfl y cut

off to increase the space between the common portion an I gital
el ectjphodgeapth @ duzp@ce between the strip.portion and theinterdigital
el ectrode. The increase - .

According to the present embodiment, the electrode adjacent is cut

3

]inearly. The similar advantages can be obtained even if the eléctrode is cut

to form a step or to cut in curve or stepwise. The electrode may be cut into

cany. 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 of the spaces reduces the influence of the anmount of charges on the

el ectrodes adjacent to each other and reduces the infl uthMaraf2008e

unbal ance between the anmounts of charges during formng the pattern of the
el ect r od@®CTYyPoBOEIRang of the nmetal film thereby preventing the el ectrodes
from having the curved shape in sectiign. Consequently, the SAW devi ce has

a reduced = 25 propagation |oss. (Exenplary Enbodi nent 2) 10 March 2006

PCT/ JP02/ 09924 16 FIG 4 is an enlarged partial view of a surface acoustic

wave (SAW  d8i.ce is mmevbimgad qential lvieweop hasyrfacd adowstit wavef (3AW) pr esent
invention. In FIG 4, elenents simlar to those in FIG 1B illustrating the
devi ce ofdeviaetindi ancegvdhdanoiary gmhediment 2 offtheanesenfuimyentionand is
not 5 descrilbed in detail. FIG 4 schematically illustrates a pattern of

el ectrodes bdf Fsr 4. |elements sinylar jocthese e fﬁﬁwdryﬂsﬂbwéraﬁi@g the davisefieen t he
el ectrodes., The SAWdevice according to enbqodinent 2 is simlar to that of.
enbodi mefimbodameah 1 rarg dapaied §ae§h%cﬁamme%zl@n§acw@@ﬁ&s apdswAngbyi ce of

Eﬁ‘szg‘ﬁmﬁéﬁr &%H%r% fﬁ@%ﬁh%@ﬁ?ﬁgﬁ?e@m‘ 3 '%%§Ef%93@°§%%ﬂ§?r§ﬁ§;porl tion
10 . ' ' ,

por t1 on' Pt ueFafgeareianee haRe Al shiatamPrveds it 9opaO e m o ot ep.
oot rodes 215 B IaRERTRRlrathe R8T RS iBR R, 2 08 B0t 4R e 30C ©

opt al ned cBibaiibhPd SREY: (ONCcREubS: SHERLEPUSSacttobES: SeAfBUALe OF

charges per unit € e curvature o
he L agRigbafy nkekafch pbsReT Dyl aoalyel g uni Gedced
el ecig odgmlademBhevent ed from havi ng
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 s'tep. According to this
érrangement, a space between common portions 4 and 5 of electrodes 2, 3
15 é.djacent to each other increases more than a space obta'ined‘by cutting only -
one of the electrodes. Since the amount of charges per unit length can be
reduéed, 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'(.ather than those described

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




20 a curved shape, in section, thus allow ng the SAWdevice to have reduced
propagation | oss. According to enbodi nent 2, common port 1@Mabco2006ef | ect or
electrode 3 is partially cut off linearly, and strip portion 10 is
partial | PCUMPFE9924 form a step. The sinilar advantages can be obtained-
even if the common portion 5 and 25 sflFip portion 10 are partially cut off
I n curve or stepwi se. Conmon portion 5 and strip portion 10 may be cut

ove as |long as, conmon_portion

into h h h h d i bed. ab
| %n;ﬁdagtyr ?pag’fﬁscﬁf%ﬁgi‘ﬁf s?r@mba%%%a ‘4‘es eébggéflfﬁ)of@’ IPREHRCR OuEtiseaT P )12 109924
17 Ac dj nmbogdi .2 d ib , m ti 5 t
et ChRg: boE ol o r e gh oSleotiogen d Brd PorRAy e ot dipeapy. S P
Addi ti onal J y.. tion.4 i.nterdiaital. el ectrode 2. tiall t
o oM At oR T DRl MituionCh of S Al Al Thled ot Ez“]@?p@eﬁailaﬁé&raéfacénf”
h h i . The i f .t . bet t .
ety ol TBEEGeFr S PP L, 00y bPRRSER SR oA G BaR el T Rat®
i nfl t a , ti
the. of oo Ptk iieaby Ber o i, VEGRaL SRt Rbde® bebBLY T Hihroent v
the SAW r(gcﬁYde%e’fﬂ@Z.%%uéﬁ&uB?CthBr%%g?&' &%ﬁ%}?s %;Qd( e{Hﬁl?ér%e(E@ig‘ﬁé ment 3)

FIG 5.is an enlar partial view of a sur cousti c wave devi ce

i N accor gapaE et BetrRiPLAd YnfdliAd! s ardesf tlslfﬂglpgéﬁ%ﬁ%% tBYedbiQBde | N

FIG 5, elements simlar to those shown in FIG rating 15

enbodi mefford bk %&%F?Qh@%&%ds 8HRpé GhesERsth. NUBAR gheRBE, 3he 98w
-described in detail. G 5 schematically illustrates a pattern of

el ect r oddévice diag dpakudeatprobhpsticalosg a rel ative dinensional relation
bet ween the el ectrodes.
10 '
(Exemplary Embodiment 3).
| FIG. 5 is an enlarged partial view of a surface acoustic wave (SAW)
device in accordance with exemplary embodiment 3 of the_ present invention.
In FIG. 5, elements similar to those shown in FIG. 1B illustrating
15 = embodiment 1 are denoted by the same. reference numerals and are not
described in detail. FIG. 5 schematically llustrates a pattern of electrodes,

and does mnot illustrating a relative dimensional relation between the

electrodes,

5 i
N

The SAW device of embodiment 3 is similar to that of embodiment 1

20 except that the electrodes adjacent to each other of the SAW device of this

embodiment are cut at portions different in shape and location from those of

‘embodiment 1. According to embodiment 3, common portion 5 is partially éut

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




The SAW device of enbodinent 3 is simlar to that of enbodinent 1 20
except that the el ectrodes adjacent to each other of thel®Mafche2(06e of this
enbodiment are cut at portions different in shape and | ocation fromthose
of enbodiGMEM0210998dcor di ng to enbodi nent 3, common portion 5 is partially
cut off to forma step and linearly, 1&nd strip portion 10 is partially cut
off linearly. Moreover, common portion 4 of interdigital electrode 2 is
partially cut off to 25 forma step and in curved, thus enploying a

combi nat teterdigipluelectiode Shamds rellyeios electipdee Shdnoreases cpvset conmon
portions 4 and 5 of 10 March 2006 PCT/JP02/09924 1s interdigital electrode.
2 and r eflestrosies ephtaineshbys chre%a@ggr o oft Hin elegteedasod S Wgbeni Bl by
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e
partiall y cut off to formthe step.and in curve. The simla advant ages

can be ohkai neduRY ¢he idlediP6d& @6s REGhRICHon hdhE R H@P&d hkbip@Nin 15 of
pl ural shapes |nclud|ng a step, a’'linear shape, a curved shape and a

' st epyd sesedipe thiballekess the SAWR v totaveicl ey prbppgaibidssst han t he
shapes descri bed above as long as the el ectrodes adjacent to each other are
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 éurve. 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
shapés 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
_ inteidigital 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




partially cut off. According to enbodi nent 3 descri bed above, common
portion 5 of 20 reflector electrode 3 is partially cut 0 KMateh Z066m t he
step and partially cut off linearly, strip portion 10 is partially cutoff

- linearl| y PCAMPG08824 portion 4 of interdigital electrode 2 is partially
cut off to formthe step and partially9cut off in curve. The conbi nation
of the plural cut shapes increases the space between the el ectrodes

adj acent to each other even in the case that the space 25 is tight for the
| ayout ofPa¢sebgiatacsy theptleetyodes ean bedaereasedevhn indbe gase thaifhei spacet hus
reduci ng_the i nfluence, of the appunt of charges. and.the influence of the
unbal anc#s tighiteder the layewst of dhe cpattgan ofThbe efleslaode Haomo thar designoe

PCT/ JP02/ 09924 19 space between the el ectrodes can be jncreased even in the
case t hat9ReBhathe plectiodes qiany patiexpran be Riexeptad Gom dpving theect r ode
fromthe design, viewoint, the electrodes of any pattern can be pyevented
from havFHﬁvetdhéhaBﬁr\?lr\&?%‘r?é‘pe ﬁﬁgé%‘i‘i‘%ﬁ ’ﬁh%egﬁé{]t ]Y1C{ HENs (?e\‘;fl%e can
have { he reduced ﬁgogﬂgation | oss. | NDUSTRI AL APPL}-CABI LI TY According to
t he p_esE-‘“?ﬁJEWP?g L1084 B8fmon portion and a strip ‘portion of a reflector
el ectrode that are adjacent to an interdigital electrode 10 are partially
cut off to increase a space between the el ectrodes. The increase of the

space between the el ectrquﬁ)ﬁ?mif ﬂI@Awof the anount of
ntluée

charges on the el ectrodes and the i nce Of an ‘unbal ance between the

amount s of Clﬁ%ﬁ}&%ﬁ%xﬁg“{d @Hef@fe@bﬂﬂ iAvBAtiba" h Q:Bn:{dggn?écgﬁoglo%ﬁ abXntlrEISChi ng

of a netal fI reby preventing the electro aving a curved

shape i np§RE B a (SRREAUSRE e BhaY W8 GRIAGAHSHY £n WAME AHEVAICA.A354& e

reduced propagation |oss. 10 March 2006 S

10 are partially cut off to increase a space between the electrodes. The
_i.nérease 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 ﬁlni, thereby preventing the electrodes from having a

15 = curvedshape in section. Consequently, a surface acoustic wave device has a

reduced propagation loss.

. . -
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PCT/ JP02/ 09924 20 CLAIMS 1. A surface acoustic wave. device conprising: a
pi ezoel ectric substrate; an interdigital el ectrode provi detasch 3@i6d
pi ezoel ectric substrate; and a reflector el ectrode provided on said
pi ezoel e®CV/ QN Aat e, said reflector el ectrode including a comon
portion and a strip portion, wherein 3&i d cormon portion and said strip
portion of said reflector electrode have respective cut portions adjacent
to said interdigital 10 el ectrode {orned therein. 2. The surface acoustic
- wave devi ce of clain11 wher ei n sai n portion and said strip portion
~of said reflector electrode having said cut. portions have potentials
gener at ed thg & fudageraqoustic myaye deier eHRPEISING'S generated in said
interdigital electrode .adjacent to said conmon portion and said strip
portion. 3. The §h?¥%8 %’ qﬁﬁnﬁﬁve devi ce of claim 1, mhereln sai d

interdigital elect d,s flect [ el ect.rode hav rners
+ adj acent to each ad"[ %%atl:ﬁfecg]f WOV ed on, aid p1 %%083%“?’( ‘W@!{\?gr afevi ce of
cl ai rgl erein sai d pi ezoel ectric substrate is split froma piezoelectric
substTat & Wafer, and 25 wherein an amount of said cut portion in a central

gglrg' ot OLOff‘: gn atloihe%%%ﬁ&%ﬂr(&dé h&?&%d%&eon"@il r%?oeﬁg&ﬂfe%ﬂrégﬁz&fgg “”t of

of sai

The sur f ao AGPUBLLSMANEuARY & oflmbh Boftibn M0EX Stitp pRkGoh Nt er di gi t a
wherein said common portion and said strip portion of said
reflector electrode have respective éut portions adjacent to said interdigital

10 electrode formed therein.

2. The surface acoustic wave device of cigim 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 aniount of said cut portion in

an outer portion of said wafer.




el ectrode and said reflector electrode are forned by dry etching. 5 6. The
surface acoustic wave device of claim 1, wherein said i nt®&mMdichiZoab

- electrode and said reflector el ectrode inE ude material |ess susceptible to
etching-than Al. 7. The surface acoustic Wave device of claim®6, wherein
said material 10 |ess. susceptible to etching than Al has |arger nmass than
Al . 8. The surface acoustic wave device of claim1l, wherein said
interdigital electrode and said reflector el ectrode have thicknesses of
150nm or nore. ¥ The Tufasuatadicwous tevicemd eladev 1 cehefeinlsaiditterdaingi n a
ratio (S/L) of a space (S) between said interdigital electrode and said
refl ector eleiﬁﬁt?f&@e%ﬂd@ahi raflictmnelestrodp aoé feaced by drgiatckinect rodes is 2.5
or nore. 10. The surface acoustic wave device of claim1l, 20 wherein a out
wi dth of said cut portion of said common portion in a |ongitudinal
direction of said strip portion of said reflector electrode is 1/4 to 1
times of®a widt I dhessiifacasmstisovavodevte obrlaimet, vehexsin ehitintertigitahd
wherein a cug¥¥hgkﬁ ia a.. Jo ,tudinal dire-etio-u of said cut portion of
said strip BHEEWle padigaid; seflectongleckrode inddude anatexial lassisnseeptiblento 25
11. The surface acpustj.c wave device of -claim-1, wherein said
interdigita?agPﬂgig * ncl udes a conmon portion having a cut portion
formed 22 partially therein. 10 March 2006 12. The surface acoustic wave
device of claim-11, wherein a cut width of said cut portion. of said

common portion of id.interdigital electrodg jn.ope qf a wdth direcjion
and a | ongi t udi gmﬁlcaﬁ &é%t{#%%ﬁ‘g%ﬁ%té%i‘”&v&t Fygee Bgf’iral’%‘nai whergin gayl ’F‘iaﬁ%‘ga-t)f a
w dt h ofpn sajfl: 0L f i.dyq i qit | ectyode. 13. The
surf:;lceioaco}?%tS %g %vém%etbiege or C%%@%@%ﬁgﬁt@%t m ‘

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

’ thicknéss (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 1/4l :
to 1 times of a width. of said common portion of said reflector electrode, and
. wherein a cut width in a Jongitudinal direction 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 but portion formed




10 space between said cut portion of said strip portion and said
interdigital electrode in a direction of a width of sai di@Margh J006ti on is

- 1.2 or nore tines of a space between a pomtion of said strip portion other
than said cut portion of said strip portion and said interdigital

el ectrode. 15 354' T@]e surface acoustic wave device of claim 1, wherein
sai d cut po‘ﬁ]ﬁ ’c?rlnlyl F8thed in a step shape.' 15. The surface acoustic wave

device of claiml1l, wherein said cut portionis cut linearly. 20 16. The
surface acoustic wave device of claim1, wherein said cut portion is

formed in curve.][ 7. The su%@:g Ouzlt@é&%_t\éc\a%/‘l%ﬂge i'&gedgéclggghﬁt %@q\/\xg,er ein
said cut 25 portTon is for : " 1St Yea
devi ce ' of i i id t i i h dipto. a, j nati
of st 1 east oMt L EREL Yt horis' of B5Ud SR Siorbonoobenid rsromE) 23
: desh j 19, it G i.Si.ng: . ase;, 9 a’
Surface Soo kot B SAERIR SR M Rckbg it A do IR o et o
devi j i e J L at i nt i qi.tal t rod
brovi ded on PORRGHL 10 & EiARELPE WHufh BY S Bt bardionid Btttz

provi ded ongpaishdel €zoel ectric substrate, said reflector electrode
i ncluding a common portion and a strip portion, said common portion and

said strip portion having respective cut portions

18. The surface acoustic wave devic_:e of claim 1, wherein a maximum

10 ._‘sp.ace between said cut po‘rtioh of said strip portion and said interdigital
electrode in a direction of a width of said strip portion is 1.2 or more times of

a space between a portion of said strip portion other fhan said cut portion of

said strip portion and said interdigital electrode.

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

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

25  portion is formed stepwise.

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

portion, 1s shaped into,a_combination of at least two of a step, a linear shape, .




adj acent to said interdigital electrode; one of a bunp and a wire for
electrically coupling said base to said 15 surface acoustinMarste@@edevi ce;
and a cover for sealing said surface acoustic wave device. 20. A nethod of
manuf act ¢ HJPa2H8PE4ce acoustic wave device, conprising the steps of: 20
formng a plurality of interdigital elZctrodes on a piezoelectric
substrate wafer; formng a plurality of reflector electrodes on the

pi ezoel ectric sybstrate wafer, the plurality of reflector electrodes each
i ncl udi ngt g, Wf?@ﬁe@ﬂﬁea‘i ip portion having respective cut
portions formed 25 therein adjacent to the interdigital electrode; and

di viding the piezoelectric substrate wafer to obtain a plurality of
surface acoug%c wave devi.ces each including at |east one of the plurality
of 10 March 6L BBYY oBBBYISdE54 24 interdigital electrodes and at |east one
of the plurality of reflector electrodes, wherein an anount of the cut
portion of a surfﬁ@@sgtousti c wave device of the plurality of surface

o esofl ectric sandepapsdmbftis fitedte HaRod I bt i tre
devi ce ofac[)gr iglv}g‘pel a(%‘ﬁ%é){%?]g‘?i%%ce acoustic wave devices that is located in

an outer p I on of 21. The nmethod of claim 20, wherein said

step of formng the aogié% ebriCdutidtbSedi gital 10 el ectrodes includes the
sub-step of formng the p urafity of 1hterdigital electrodes by dry

etching, and wherei nySajftepdigRall el EFIdNI AP’ Bhi (94i@ pigideBSdti
el ectrodes includes the sub-step of formng the plurality of reflector
el ect r odewmbbbrads yand | |

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 haying 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 écoustic 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 pprtion 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




et chi ng. ABSTRACT In a surface acoustic wave device, a conmon portion
and a strip portion of a reflector electrode are parti al Hg Mzsth 2606 t o
i'ncrease a space between the electrodes. The increase of the space between
t he el ecth(uéB03/@dhdes t he influence of the anpbunt of charges and the

I nfl uence of an unbal ance between the@4anounts of charges in etching of a
nmetallic film thereby preventing the electrodes from having a curved
shape in sectian. Conseq uentli/ t he surface acoustic wave device has a
reduced yfi@[yd@ta}l@{ectr@g@ and at least one of the plurality of reflector electrodes,

‘wherein an amount of the cut portion of a surface acoustic wave device of the
plurality of surface acoustic wave devices that is located at a central portion
of the piezoelectric substrate wafer is smaller than a surface acoustic wave
5  device of the plurality of surface acoustic wave deviceé t}i;f 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 p‘lgrality of reflector electrodes
includes the sub-step of forming the plurality of reflector elecfrodes by dry

etching.






