descﬁfﬁéé e,

surface acoust) c wave

onventlona
tric substrate 111 made o¥ Li TaJerr],

L'NbCIerrﬁnchnouﬁﬁ 6ﬁerkgkangﬁ@&@npalr of conb-shaped electrodes 120 made

of - A or_the li ke, dlsposed opposite to each other on the
'plezoeleclfl' gldsef jthe 1Jnventiont o define an interdigital

transducer. ?gsg CQﬁQeﬁQgBﬁdr@I§¥é§K¥§ 428ubgacd acoustli¥ aydve Of.
el ectrode flngers 121 to which one of the ends of
each of tdh%vm%cthéUéngl n@dr s interndigidaled. transducer CAdigpespezO ed@ric
substr at ﬂééc - connected to the bus bar 121.

Thi s surf ce a%odggfgéagggégr&ééflIter i s accompdated in a package which

is not shown in Fig. 6. The bonding pad 113 and a pad (not shown)
provided 4n ghe. s 4y 3 onnecied via wire bonding. In
recent year 20 on- e or the |ike operating at
hi gh frequencyAhaoavba&uoadiamnﬂfauafa@pdetyc waveldevxceewullebawnnw

surface agousk) CedoVl ERSLLPL iile! foSHER, g,  SYStem satisty increasing

hi gh frequéncy Tequi surface acoustic wave device is
desi gned basedrbe conventdonall fas:unfaaceuchcausan.cel efcave)rredbunceal 130

coupllng fa .a_refl s i t f t a ese

i ori o Réi%en, 5, piRapBratEiit Map¥sdne 41T RigeRE Fimedr LimEOE"C

of - tde theeﬂ.dkgi,t alndt raarpaizceuif toomb-uahepééngﬂ.hc(;rede}s) 120 masie fafLe

acoustic ve which i Clt ri t

ratio (h/ rrﬁﬁ o%ea atlﬁ ?gﬁgt §§B§% i Ffht %AQ neé%/her on t&e

limted tpiedmelerieic obubstmaar.le pErresb tasttp plefine , an 1nterd1g1ta1
transducer. Each of the comb-shaped electrodes 120 "has a
plurality of electrode fingers 122 'and a bus-bar 121 to which
one of the ends of each of the electrode fingers are connected.

Oon the piezoelectric substrate 111, a bondlng pad 113 is
connected to the bus bar 121. This surface acoustic wave
filter is accommodated in a package which is not shown in Fig.
6. The bonding pad 113 and a pad (not shown) provided in the
package are connected via wire bonding.

In recent years, mobile communication systems or the like
operating at high frequency have been advanced more widely.
It is required that surface acoustic devices for use in such
systems satisfy increasing high frequency requirements. '

" A surface acoustic wave device is designed based on
material factors such as an electromechanical coupling factor,
a reflectivity of a reflector, and so forth. These material

factors depend.on a ratio (h/A) of the film thickness (h) of
the interdigital transducer to a wave length (A) of a surface
acoustic wave which is excited on the substrate. Ordinarily,
the ratio (h/A) of a wavelength relative to a film thickness
is lihited to the ranges of several percent to ten percent,
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2 due to the electric characteristics of the surface acoustic wave devi ce.
Accordingly, it is necessary to reduce the filmthickness h of the
I'nterdigital transducer in accordance with the shorter wave length X to
cope the requirenents for the surface acoustic wave device operating in a
short wav@iengbh tiendeleeteliy, cliaradtahidtirpicofy tleevestrfidce acouddvimver,

the surface acoustic waye devi.ce.is exposed to high t rat.yre ndi i4.0ns
during t HAYf o@%%‘l“i’%h s%ﬁﬁ?rflﬂ'@ﬂé‘gf' l%lﬁ??@ss%% ggggfgbggnﬁ}%ng#%f
It has thi€etesh SEOBEr ehedVinterd iyittdor srahsdicepr £aeaccordanicieowitthat

in such a high tenperature environnment, defects may be caused in_the
i nt er di githe shamtencoravrichength datp taop&nthe Feguigementshgfer dheto

di ff | ¢ Obpk! RANS|
D1 6206l o LS | BEBuERECTqRVd MEPice tbprafingT P Bo?t Wivelength

pi ezoel e e an e Interdiglital “transducer. Thus, suth
def ects thamti mamely, iat sa vihigh afxegqpency owave bard: nterdi git al

transducer. T | su d r C d 44 4 Use b .
particul arly, '}-?é]w%w?]exéﬁggﬂgf %ft“%e?%l?g %%é'&é@ n ?’Hgge\fieérkﬁ;[%a?s a@&g}pg&d oté%ur S

In the cdmigititemperatuve beonddtiens nglurirg t htheonprodussdon crRtenk
and the h t fq r_ang . th a Ls@gonnected m egghy :
ot her \Ahiﬁe]g%%&es réinﬂrlgﬁtg :%glet hgp%rtg'%@er:i:gﬁggégéf thiéésulfrl%%'ce acounstic
wave devidiscouededisby ntheainventbrishef nshke t ppesénts inveatjgong dhathein
frequency_band rd, ot her problens, . \ Y .
over come FRE ot oRLENs CHRReR AR A TaGHE . e teltna AR, b et tn o
i nvent i ontlpe ointlerdigitédbhcetransdater sach dm/i xesnalbhtblickhess and low
characteristics, .t hergof are preyented frombei de i o . e
exposed tOCEERIHR ¢ éﬁ}?ergf’urg M‘?ﬁﬁfb‘fﬁ .mbe%wrl% co%gf%ngé?%fg%cg{%?%%r&#ed
enbodi mrent iméar hexpatsdon | ofettionpiezoelectirice substsdte amil/cofdethee
I ncl udes |, L ezoglectric suybstrate_and conb-sh d electraod eac avi ng
a bus bh?atg ital ﬁ‘?%fﬁg?ﬁerm T?‘iuﬁgerssuc%i@%ﬁi%? gﬁngt ﬁ% oe u:.h in
pi ezoel ecd ruidevasea apertibar ofn tdle | imtsérdiwivdl t beahsdgees. That is,
such defects are often caused in a bus bar, particularly, 'in
an edge of the bus bar. 1In the event that a defect occurs in
the connection location between a finger of the comb-shaped
electrode and the bus bar, the finger and the bus bar are '
disconnected from each other which causes problems in the
characteristics of 'the surface acoustic wave device, such as
increasing of the insertion loss, changing of the frequency

band, and other problems.

SUMMARY OF THE INVENTION'
' To o_vercomé the problems described above, preferred

embodiments of the present invention provide a surface
- acoustic wave device in which the characteristics thereof are
preﬁented from being deteriorated even when exposed to a'high
temperature environment. |
According. to one preferred embodiment of the present
invention, 'a surface acoustic wave device includes a
piezoelectric substrate and comb-shaped electrodes each having
a bus bar and a plurality of fingers disposed on the

piezoelectric substrate, wherein at least one of the fingers
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3 and the bus bar are connected through at |east two different connecting
portions at two different | ocations. Fi ngers which are adjacent to
each other and connected to the sane bus bar are connected to -each other

t hrough a finger. connecting electrode. provided in the vicinity of the
connect i cand othei bus einesret benhecgeds thrdughe dusleéast two dEfifildrent t he
finger connecting electrpde and the bus.bar ar nected to each other
t hr ough CHRED n%oﬂ%%%‘?% % Y9 chlefferent':a\c ooer%, og’?é'o anot her preferred
embodi ment of phegeFreSwRichnaeet ad@facent tor ach othersand comnectee itwe

I ncludes a piezoelectric substrate a{%d conb- s%ﬁpe el egi}rodeﬁ ea‘cfl havi ng
a bus bartB®gsamg| bug| PAF e iGARRECtEd JR LAGH PhRehi ED5RRER; A Finger
substr at egonhedE€ifg at e1eetirodee NOFévide®! tie belke bakilcdndityd nefir the

connection portions connecting the bus bar_ and the é&\r,ﬁerﬁ)i s renoved so
that a rSRRREFELORsLORAtiong dreteren FRe (FNISTR A & HPUF Pakif acent to

each ot her andpgPERes) efhéO riiges2tROnbieTting HIRAFUIRS A t Bheablsobas
t hrough the remai ning bus bar at a | ocation near the connection portions

9
ext endi n@¥Rt \Gannegted,uopaeaghd Qher | fdwongh a s hdar , aAnNeIng
the bus hajed©rsdé&€d near connection portions which extend between the bus

bar and the fingers is removed so that the remaining bus bar connecting the
fingers whi ch 2eoxdingche apother auaferred) emhadimgnty ofisthsr Rﬁﬁﬁ?ég:ti ng

the remai {yydnOiisn Par at 0 gy anglcdustie Pafavé e Gewiee incrfedesdi nrgly,

even if a defect occurs in the connection |ocations between the bus bar and
t he fi ngepiezpelertrinbsubstrrte chbdt conb-shared GLPEELOARS BACH RAVEDT or

exanpl e, by gudi f£§£ensﬁabeamgmu?ﬁfﬁwef bieci #ih ek Ih&@gbs@apaw o
the piezoelectric substrate ant of the” conb-shapéd el ectrode, the |
conduct i apiereekestrie snhgtratend whereiss dar lpaspoonien| ROXHEQRgREL Hhe

ot her cor}??é;t' r%? (o]Vi g %}E’é’ Bordsbast tidy | PRECHYE I N
t he inser |onhﬁgsg'ﬂ§;1érlé C aﬁéﬁ%gl%dgﬁ}t eifdr_}gqgeﬁcy ﬁangoo_ 'gheﬁ;bur ace
‘acousti c hawecandvthe £ingers is removed so that a remaining bus barTHiss js
the repl a¢eFELqaSNERE the fingers which are adjacent to each other and

connected to the same bus bar are connected to each other:

through the remaining bus bar at a location near the
connection portions extending between the bus bar and the
fingers. _

Further, a portion of the bus bar located near connection
portions which extend between the bus bar and the fingers is
removed so that the remaining bus bar connecting the fingers
which are adjacent to each other, and a bridging bus bar
connecting the remaining bus bar to a substantial bus bar are
formeqd.

Accordingly, even if a defect occurs in the connection
locations between the bus bar and the fingers of the comb-
shaped electrode, which defect may be caused, for example, by
a difference between the coefficients of linear expansion of
“the piezoelectfic substrate and of the cbmb-shaped electrode,
the conduction between the fingers and the bus bar is possible
through the other connecting portions or routes having no
defect. Thus, an increase in the insertion loss and changing
of the frequency band of the surface acoustic wave device can
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4 be prevent ed. In addition, the line widths of the two-connecting
portion el ectrodes for connecting the finger to the bus bar, the finger
connecting el ectrode, the bus bar connecting el ectrode, the renmaining bus
bar, and the bridging bus bar are nearly equal to the Iine width of the
fingers. be preeentiedgly, it is possible to prevent the electrical

resi st ance fro bei ncr eas a to prevent t

from bei ng |nc£% 58 ﬁh?en iggga géﬁeby i%? éﬁ%mtﬁﬁﬁ%éﬁ%#gééﬁﬁi i ne
wi dt hs, rﬁéﬁﬁﬁénVétl.)écﬁrodeEOdehﬂ‘lecc:i@nmeotﬁngf tihlel lﬁﬂgﬁfn ngoéI thephamerivar,

i nvention ere is shown in the dr S sever, pr.ef erred e and
forns \/\hlthearngQEEenFPQnﬁFEFBFr e§lectrpdeqg Jﬁ’tﬁa HiHa, P35 n€ '?ﬁé?ﬁgigthe
invent i onelSctpddé) "thedrémalifieng’ bass badl, angk ehy szaittt_;ingsthsumehsaal atees
shown. BRI EF DESCRIPTICN OF. T is a parti al

schemat i CRRFLHEANIL V?eﬁpﬁflén§uVFg¥£ g?oﬁgﬁlélﬁgﬁgsfllter according to a-

preferred enb%esﬂm{u&be F e ei%ntpbasgnneonco prevent 2the aebectiital
enl arged plan vi ew of bar and fingers of a first prefZ{red

enbodi nenkesistaRcegIrem P@l@gesvé%ﬁrqafmw{aﬁ %o prevent; the b‘é?H%‘PM
enl arged pf aje¥b8tsOfrbme H&ﬁdaain@f@hééageﬁﬁleﬁ 3ss msédorw efidLfowing

enbodi ment according to _the present invention. Is a partial,
enl ar ged prdrwidening eficthasline Hh@thﬁng€P§P6Ft&VFHWrd preferred

embodi ment -accpgdi the Ogﬁfgoﬂéeﬁﬂ"t i1M48RraRAng thé! PreBent 2iRvéhtobn,
enl arged pl an vi ew of bar and fingers of _a fourth preferred

enbodi menthexe odsi rﬁ}lqvﬂlthé thes dravings: peveral puefexryed; gmbediments,e

vi ew of n ur _ ce L | ON
oF PREFEaRﬁﬁ% Eﬁ/g%m v c% dRCCpPesERtly PretederuGe it BEEHY Eﬁhmﬂ |
" however, that the invention is not 1limited to the precise

arrangements and instrumentalities shown.

BRIEF DESCRIPTION OF T RAWING
FIG. 1 is a partial schematic perspective view of a

surface acoustic wave filter according to a preferred
embodiment of the present invention.

FIG. 2 is a partial, enlarged plan view of the bus bar
and fingers of a first preferred embodiment according to the
present invention.

FIG. 3 is a partial, enlarged plan view of the bus bar
and fingers of a second preferred embodiment according to the
present invention. '

FIG. 4 is a partial, enlarged plan view of the bus bar
and fingers of a third preferred embodiment according to the
present invention.

FIG. 5 is a partial, enlarged plan view of the bus bar
and fingers of a fourth preferred embodiment according to the
present invention. _ |

FIG. 6 is a perspectlve view of a conventional surface

acoustic wave device.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS N
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5 A surface acoustic wave device accor di ng to a preferred enbodi nment
of the present invention will be now described with reference to FIG 1.

FIG 1 shows a part of a surface acoustic wave device 30. As shown
in FIG 1, the surface acoustic wave device 30 includes a piezoelectric

substrate 11 pxegarghbty mPustid- iward edelickl Nudoyding quarbz,pmfe)tlhad
suitable materjal, and mterdrgrtal transqucer s il and 32 ref erably rrettlje
of Al ancembPeRHReRE oPf  HRe pPEesent ipventige, Midd be n°’ﬂ1 SRR |“Pa1|"

transducefefdrénce Udes 18I r10f conig.shapeshewecty ogart20afand brfddeh
include a plurality of electrode fingers 22 and bus bars 2l1a and 21b,

respect i VREQUSEEC AP d@Y1¢Rc3Qt ectrode fingers 22 are connected so that

the pair of cogh-ghawfd i¥l 98¢ 0de; 2Ha FuLrHYe coudk oe dwaveard@izwé hseach
ot her. In the same manner, the Interdigital transducer 32 i ncl gdes a_pair

of conb- shepbudes cetpirreebertyin swketFate 1hcpraterably made; 9t piTao,,
el ect rOdeLirgﬂsef ﬁ%@&éﬂ BYS Mfer 24aieaB1&l dratSneC] | aﬁhy,meem@irtail

the el ectrode Yingers 22 are connected so that the pair of _ .conb-shaped

el ect r odetransducers 320mndir32i prefergbd é@ﬁ@ﬁtﬁ edelh g@qi.edlsposedr
line w dt&én§1EEgeth%rght %ngsﬁlfaﬁé‘elfl ect elﬁ't@&ﬁ&?l%&lar@réﬁlfducer

t hi cknesses o nter transducers 31 and e preferably for med

vi a phot 031t fnglages euphllrhaf- combr-shaped: glestrodess 28a andi e @Whigh
describeds Re1gde a pld 131%;,5 ¥ CLELLERoaEP I nGREL J2'Candl bEC YIS 14
ce Ts prefera

wave devi used as a transversal surface acoustic wave
filter 10and Ribyhaespectdivedyyi Ct%u‘!bll-ﬁht a@lll thenelegtpads fingers, 223c,

and 130 2o ALOANGETR0 B Lo ARILChi OobliE-BHAPHAT S12kbrotby 234

and 21d, resSpec he sur ace~acoustrc wave O 1s provided in
a packageand (2=.Ginwaren jmterdigitated) withheeachdi athends 133 the, same

d 13d d
Furt hor , PRBSEERG A pdntethigierl, PrRRRAuter? Sy OaCIdRde T e PRETE F g
pad 13c otomibreshaped defiectrodean2fuvcand32d ewhidohednedude grfomﬂ@uxaﬂ::gugh
the pads &E Sieééfogé‘c%fﬁ&eéé 22 and bus bars 21c and 21d, respectively,

to which all the electrode fingers 22 are connected so that
the pair of comb—shaped electrodes 20a and 20b are
interdigitated with each other.

The line width and the line pitches of the ‘electrode
fingers 22 and the thicknesses of the interdigital transducers
31 and 32 are preferably formed via photolithography such that
desired characteristics are achieved, as described below.

In this preferred embodiment, the surface acoustic wave
device 30 is preferably used as a transversal surface acoustic
wave filter 10. On the piezoelectric substrate 11, bonding
pads 13a, 13b, 13c, and 13d are arranged so as to be connected
to the bus bars 21la, 21b, 21lc, and 21d, respectively. The
surface acoustic wave filte_r' 10 is provided in a package 16
(shown in part in Fig. 1). <The bonding pads 13a, 13b, 13c,
and 13d are connected via wires 14 to pads 15 provided in the
package 16. Further, the bonding pad 13b of interdigital
transducer 31 and the bonding pad 13c of the interdigital
transducer 32 are connected to ground through the pads 15 of

the package 16.
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A signal is input to the bonding pad 13a of the interdigital transducer 31,
~and a surface acoustic wave is excited in the finger portion of the
i'nterdigital transducer 31. The surface acoustic wave propagates to the
interdigital transducer 32, and an output signal is output fromthe bonding

pad 13d of thei rgfz{,pg;gi tpd ty uceé 3the bon&iﬂg 2padl uiBaat ef t khe
connecti on betwee he el ectrode fingers 22 of conb-sha ed electrode

20a and tW%Q}‘é}alﬂﬁranSﬁ@ce%oﬂﬂ' i AN @ szxr aCfe BERBSEASpAMAVE

el ectr odgyci{ded NEhudpe rfifﬂq&erﬁoﬁeléﬂ b¥ aHmt ﬂﬁeéraﬂgbealewahsuuceme or
nore), and the bus bar 21la. " The kth finger (k is a natu al ,n

through Mlof The §Bﬁ§a§ﬁa|§é’6’“§[té€t MERYEe lefé’l?%gﬁﬁ%ﬁ]cﬂ%d fit c} H‘ﬁ'@i‘t i on -

portions r{(éq»]ﬂcf‘e% k#a, kihd Nad NGutbet nbi.qnai iBeofiepieCErom kheabonding
bet ween the finger’ and the bus bar a. Thus, the kth finger is

connect ead k3 afitherinterdigihah anadugery ortions at two i sol at ed
and different ggeathong 19tira@aUStié! cédhiection’ Hetdisen CVRE et tdolect

occurs in the connection portion between the bus bar 2l1a and the connection
porti on Keingers 23 ©fsciheeccombnshaprde@liesityase i 20a kandy d?hq hausyPagar

21a, ‘the jqf finggr {)wahen?uw@r 3la ehe Sohb-Shsdd aédfcﬁwe@hsd
and kept ‘i'n the conduc ate throdgh the connectlon portion kb.
it is nucindlaxies |lkefyngaas 2Re (|ms:e$taonaﬂl§§§1| Slmree%@tﬁlan@tﬁge or

fr equencxnc%a%ﬂ |§?§h?ﬂgeqms\/\mﬂn begul t spid om:gl ig_ﬁg%gct(llpnlg)eg\t/\@ﬁr&uygq bus

bar 2la an As can be apprecl at each

el ect rodemimbe;erefzz |hhrhughom sofipdhee| @@mboﬂbépeéb elegirode 220Ri 45al so
connect e d r &0 r
routes, S’eﬁsag‘e éo ?%Qo grréﬁﬁggqélaé r<'§1:'I}r‘:q}‘5(}{%htaﬁt/}'ociescr| E ]églg gee&h %ﬁeo

second pr\afcemﬂr.y embotlnerecﬂmméctm plesahionnbebween thel ktb Géﬁgﬁifbé@d
orbod; mohe L RAE 0] hiGe PUERS kb BEn8REY E5TBRANERECADEE! ThleChu

enbodi ne i'ST 0 and on 2] connec etween t he bus bar g t he
fingers dax he le=onithroheged connsatices \pdﬂtzlbmsex@tal rtmsb wiisie Ladjesy eﬁ@d to

FIG 3. diff%resxﬂ? V\foégtfér% §f %h‘éoi?%'ssW%PA?CtASQSr&QﬁgiQ?' quﬁ if

a defect occurs in the connection portion between the bus bar
2la and the connection portion ka so as to disconnect the
connection portion ka from the bus bar 2la, the kth finger and
the'bus_bar 2la are still electrically connected and kept in
the conducting state through the connection portion kb. Thus,
it is much less 1likely that the insertion loss is increased
and the frequency band is changed, which results from
disconnection between the bus bar 2la and the kth finger.
. As can be appreciated, each of the electrode fingers 22
in the comb-shaped electrodes 20b, 20c and 204 is also
connected to bus bars 21b, 21c and 22d through two connecting
portions or routes, respectively,'in a manner similar to that
described above. |

A second preferred embodiment of the present invention
will be described below. The description of like parts in the
above-described preferred embodiments is omitted, and only the
connection between the bus bar and the fingers of the comb-
shaped electrodes will be explained with reference to FIG. 3.

As shown in FIG. 3, a gomb-shaped electrode 20e includes
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7.n electrode fingers 22 (n is a natural nunber equal to two or nore), and
a bus bar 2le. The electrode fingers 22 are connected to the bus bar
21e at one end thereof. Further; the conb-shaped electrode 20e i ncl udes
a finger-connecting electrode 23 which is spaced from the bus bar
21e at mpérdetﬁéaénfdngéahame (aundsexa emaisunabngumherbequlaar toldwsn @IS to

connect between the electrod rs resul : fipge k
is a nat FEFehunfRd of 1 't’ﬁrg?% %91 and'm?%e e(ig%qqég i #g'g'#é%? t%gg drd
conb- shap@amfé@@éa odezgﬂe Bﬁedbgﬂneﬁéﬁdtt @neacdndatutmrf r:atc:h?r.ouc,x\’fmatlif'mgelrhe
connect i el ectr r ovi in.the vicinity of _the.gco clio

g eatﬁi;9£ﬁ° %ﬁ& théth %s f*?p?é}éADJECtlng

| ocat i onsCPP
confi gur agj &Pcreaen 23 erd.QﬂﬁCtJ.sl Ss?ﬁdédd ffloxhhetlwnrhns i (h:larporzueonabetaveen

the kth finger of the_copb- sha ectro bu 1e t he

kth fi ngePr¢§eT<€E§‘1‘ilﬁdl‘E‘§sEﬂﬂﬂ CFP e§f'§f‘8 ﬁS’ %We‘iﬂ }@r R i)

el ect rodec@3canfebtepethigent tR8CEIectible tffieag@:rmetzt i omsh ot trmw,etmn

the kth finger and the bus bar 2le are increased in hunber Ebaqc{]esult
i

there i s ktRr £Anger, dd%c?‘s‘ii Br dadmnal; youmber  pd |]nsg"c"‘?‘69pl 851); tR&sed

and the fgﬂi‘gﬂﬁw@ﬁ?éﬂ %fchﬁiw%mm&%ﬁspé&%hé&ttba@ Qlwm%¢m@e&a\een
the bus b and The kth finger. third preferred %%Podl igthe

present i¥@eneaeh wpthege &BgﬁﬂgbedabeméﬂgeﬂuaQRﬂR§QEiQQN1 eq;
the abovg% £868€9nP ﬁﬁg”ﬁ ar i'e dipfentise | Eofiffebte6n QW$d¥1dh§fEbtween

connect i et ween t the fingers of an conb- shaped el ectrode
will be dbb%r bugd hm h2tef andnddhe ofimgera 22. AInsidAS ﬁPﬂ@uaatJamr

conb--shap ngt 0 ti $sdic g‘%ant x; refet BB nneERioRARRSLtaldiE t BoERedRe
e co shape e

i n that t el ectro f further 1 ncludes the bus bar

connect i nghel &thr otingex ofi dheareomposhaped helRedxodec 20R)j ardnitheyi Pusy

el ectrod n 2 oRgnt h trpge er. 2 nd ct
t he f.ngg?éﬁo%§%%i|ﬁﬁﬂi|§%Pro§lﬁé§E tf&é@%s in %t% c8h8ueeiBAct fcate

connect i nghroughs the pdiinger mmtltﬂga Iﬁllecélré&q 0(33 f?ﬁ&er}:hﬁd ekher s
(Fe FabotERRHBFATS Rkt PAE EpnaliB A s Haba SRER el 12
y band Is changed
and the- bus bar 2le are 1ncrease in number. As a result,
theére is a greatly reduced probability that'the insertion loss
is increased and the frequency band is changed, which results -
from disconnection between the bus bar 2le and the kth finger.

A third preferred embodiment of the present invention
will be described below. The description of like parts in the
above-described preferred embodiments is omitted, and oniy the
connection between the bus bar and the fingers of an comb-
shaped electrode will be described withlreference to FIG. 4.

As shown in FIG. 4, a comb-shaped electrode 20f is
different from the comb-shaped electrode 20e in that the comb-
shaped electrode 20f further includes the bus bar connecting
electrodes 24 which are provided between each adjacent pair of
electrode fingers 22 along the electrode fingers 22 and are
connected to the finger connecting electrode 23 and the. bus
bar 2la. Thus, the connecting routes or portions between the
kth electrode finger and the bus bar 21f are increased in
number, which greatly reduces the possibility that the

. insertion loss is increased and the frequency band is changed
—_—
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'8 by disconnection of electrode fingers. In the preferred enbodi nents,
t he conb-shaped el ectrodes 20a, 20b, 20e, and 20f, and the bondi ng pads
13a, 13b, 13c, and 13d are preferably forned by photolithography. In the
first preferred enbodi nent, the connection portions or routes ka and kb

[ Eto mn{g%%t@ﬂ%éw tk%ﬁsof)r@:[@dﬂepbb derﬁlm@i&er a?l y fgrrred together with
the co S ape el ectrodes 20 20e, an 0 ondi n S
13a, 13b, 13clPahBe1BFSLGTE QqinRptam,t the CPHP’ Fh ?e@gr?ég"%?ﬁﬂes |
L hi rg predéL) r tedberrtzval trremm 20f¢ fanmethsoglaﬁa}ingg pad@tlwp 23band3d1,e
us bar conpecting el ectro refera or to er w

comb- shapRRA el r%ﬁ%s@@ger?g’j- g%&%ﬁ&d%f %‘afeﬁ'é%’g Flﬁg pag

13b, 13c, fa¥eh 1§Qefér2eaheh@batlhewcqprthe | onAest DOWCPEBLibhe wnrmuﬂézg
portions or routes ka and kb, the flqggr connec |ngFﬁggctrode 23,_and .t he

bus bar dehnaRdi kB dpge Mbdeh Lhe Linger ksist hxa bi AESNRRSRERARI Y of

are near'foﬁﬂé@' téeeéﬂérlwﬂeh\/\tﬁéhcainbf-ﬁﬁaglaacbneéerbaeaeszan2 204, tdoe) ine
wi dths are forned So as to have_a narrow wd as corrgare W th the finger
r

k, the elardr2@fyesand aithes berding r Pass) Hﬁ‘t hd 3Rar r 33F pordtbni3deaf&idhg
the inse h;swibi hgfg?pntrfease IAf ttlhe |1 ggcohdlt h%ﬁe fcﬁiﬂad Preferrede

| arger than a vm e finger k, the probability of def ect occurring

becones m@p@metahethpnefm%g spenpﬁ@#eas@le%mﬁ%n aar \Anqg othendus
characterpgfi Q:%n?{] é«{l%r?;%i eersa US 4C e Q’@‘fé‘iﬁbi? fénhéd rrtﬁdg[(ether

preferable that ths 0 e connection I ons ka_ and

finger conblet thg &Q!@Q-rﬁhﬂ’% el\ﬁgtl’-'ﬁée%u@%r %Q)‘Pme@@ieng andc2Pde and ar e
| h h
nearly equgal %n %?&sw!lg& P8t §3E' Ngak Had, v:.'aa?e Scrllb"%gfédﬁ]aghy.

pr ef erred enb he pfesenf invéntion w
descri ptibm bhis| peopaSSs ithet mmmxmqyeﬁ ereutiegnkadianghtkb, s

Qonb- shaiy Sfhdet FoRARREERy (G SFLIBAY 27, 3G, IPe, 1S, ba goigicrlq T

this prefelectred®odinane formed- §ha|dl:lm‘eleher ddae20iidkhs ethBlf?OifncﬁrLﬁies
Bug _“b:if gxléﬁ’ﬁiﬁf alag{iaﬁbetro eahe! 14Qe! Wi "BECkNY &0 dOGEodé ”Q‘ihae%% . a

: If the lJ.ne w:r.dths are formed so as to have a narrow width as
compared with the finger k, the electric resistances are
increased in the narrow portions, causing the insertion loss
to increase. If the line widths are formed so as to be larger
than a width of the finger k, the probability of a defect
occurring becomes high since the line areas are increased.
Accordingly, for the characteristics of the surface ‘acoustic
wave device 30, it is most preferable that the line widths of
the connection portions ka and kb, the finger connecting
electrode 23, and the bus bar connecting electrode 24 are
nearly equal to the line width of the finger k.

Last, a fourth preferred embodiment of the present
invention will be described. The description of like parts in
the above-described preferred embodiments is omitted, and only
the connection between the bus'bar and the fingers of an comb-
shaped electrode will be explained with reference to FIG. 5.

In this preferred embodiment, a comb-shaped electrode 20g
preferably includes n (n is a natural number equal to two or

more) electrode fingers 22 and a bus bar 21g. A part of the
_ ! T _
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bus bar 21g in the vicinity of the connection |ocations between the fingers
22 and the bus bar 21g is renoved. More specifically, the fi.ngers 22 which
are adjacent to each other and connected to the sane bus bar 21g are
connected to each other through a renaining bus bar 25 which is not
renoved. bitse bamai 2ilgy hns the 26iciniity st die abomctt@OIQ?lnmﬂ:nQn&

wi de are 0 u r 26
this con%‘%r SR (r)]ﬂ% g&@g#g Qze%ng[ l{lTrrEé c%%sseé |nl2§i%]eq%oﬁir'?e%$‘?%% por |on
bet ween @pediifidaedly, dchengf bngebsir 222&hdctt are adijacent ato beachaotherof
t he conb-shaped el ectrode SO_as c ec t
the fing %?%CT@% g‘ n%tq%e YTt Pan’ ?%3 %?% d%orﬁﬂec}f{h%?ﬁ ngﬁus
bar 25 ardHeye ﬁhhﬁﬁghrlajgragaigmsn@amsh%?r %cammmgg.p, hnmhemmmbeﬂ_ .?)f
connect i routes or rtiqns the fingers and, t he,substanti a
bus bar Mg’ ze,'{ ctg‘i‘s éﬁ%fz"‘éﬁam‘ﬁ ﬁ AYLN8LHA
216 sconnewtdhm .‘ﬂﬁéwetaltet i‘@or&x}é@ﬁt édt throtigh bgr?ﬁﬂr?:nﬂtyheﬁar%ﬂﬂ%@?x@ﬁubar
cause e sertio SS to increase an e ue an 0 change.
Ao hans A€r o WAEh FBIR: FoREIShEAInR S s Ak Gabech cagoRatsRg”
remai ni ng.zbtuaéaafoxﬁfeémbﬁ %ﬁi&glm‘&b@n bonie 36 thef Bi‘ﬂhginaalbﬁsabhtrae

width that_ is substantlall to that. of the fin
present 4% &nd g %‘é’:ﬂaje%‘bs ab%r??ac‘éfaEBﬁsFPgbmégéPGQVFéQCtﬁ% ch

conmb- shapayg eécecsé oﬁeScaheepmwd&ﬁxe&mp R sivden f ltlﬁ@f ﬂﬁgérgn 22
pi ezoel ectric substrate, or a(gl ezoelectric filmis forned

pi ezoel e&&S kephsin &he cordy #IRg cBhte hEREough eEP?oHGE‘aln*HS Brgsbar

i nventi ons saaapl tkeblotHex Obbsa?&agormgr badd age. acowd@rd/mng | Tcaés,
in addition to a transversal surfacé acousti¢c wave filter

expl ai ne@UARST Qff SAMACHND IR PR rBREFHRRE SPaEYeeR; Bhet Slpﬁﬁrﬁr édent

i nventi opnd '\:ﬁé‘esﬁﬁé@aﬁﬂﬂﬂfdbﬁbega@dﬁl Oist Hﬁcié&&éﬁe aofHifd | CtHB¥E is
devi ce, the connection between a er and e bus bar ‘i's achi eved tkﬁrough

at | east Magh éﬁﬁ%cﬁr@habﬁé{lﬁfon%} a rthleouflé§c°§pecf:\?o@n dbetwesn:
i ndependenibstdraliadNbus Q%Prii‘y nﬂhd tﬁlée%fﬁigﬁn@_jefkﬁfst BReE U3 6 bEuEEQ the

connecti on port, I on _between the fi nger - and

finger addserdigms 198s I ingrease and @&ﬁj@cﬁquat@nd to change.

Also in this preferred embodiment, for the above-
described reason, the rémaininé bus bar 25 and the bridging
bus bars 26 preferably have a line width that is substantially
equal to that of the fingers 22.

' The present invention is applicable to a surface acoustic
wave device in which comb-shéped' electrodeé are provided on a
piezoelectric film formed on a piezoelectric substrate, or a
piezoelectric film is formed on a piezoelectric substrate
containing comb-shaped electrodes. The present invention is
applicable to other resonator surface acoustic wave filters,
in addition to a transversal surface acoustic wave filter.

~ As is explained with reference to preferred embodiments
according to the present invention, in the comb-shaped
electrode of the surface acoustic wave device, the connection
between a finger and the bus bar is achieved through at least
two connection portions. or routes at two different,
independent locations. Accordingly, even if a defect occurs
in the connection portion between the finger and the bus bar,

i
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t hrough the other connecting portion having no defect. Thus, increasing of
the insertion | oss and changi ng of the frequency band, which are caused by
di sconnecti on between the bus bar and the finger, are reliably prevented.
As a result, a surface acoustic wave device having a high reliability can
be provi dgite f:.ngéecalmﬁ nghé obtib e bae sené kaptntimnthéncbhducmﬁ:hgsra;aazb

el ectrode .of t rfa acousti c,wave device, fingers e a

to each ctHEqU %nﬂggngCPSnFﬁ§¥§%ﬂ?Q£E}QEUh %r%ghgﬁgggked S% dbh

t hg f Ih ngein@xeéwpztg nef etet igdertr:]ibnemusshahhe changdngc efaitte nExexjeeniaypde
and t he bus L.e.connecte ug t he conngect i

el ect r odeR@ ‘gbn g&ﬁ@nﬁ’f Fause h ‘g?'s?ﬂ%n?‘ﬁét‘e?{ll %ﬁ’tlwt?fél ﬁbe E’gﬁgil@r of
thg frfequ&m:y ﬂﬁ”‘dﬁ.ﬂ@b@:hl | aageca;?;egaby¥ﬁlwt don baiswean ré?;ws keir
and a finger, are reliaply prevented w.thout req nu acturlng
steps or SMFEAGE RFPRELIE Y’gf’ﬁl ﬂ&vﬂ-f’ﬁcé&v’-% %oﬁbﬁ*‘ege&?‘?ﬁlﬁg t¥a 3t RE
conventi vided; shaped el ectrodes via photolithography. According to
preferre enbodi ments of the present invention, the ljne ngdths of

connection el AIFYKRAING sten he t proseRier LRVARELPN ng i} cEheorembrhaped s
bar CO””e&Iéé’lgr@&@CBfo%e | SOk Cacaufslt&eerwavse baéwzeepl Fiagers aipidy

substantlally equal to the line width of the finger. a result, any
i ncrease 3¥et adjaaentt ton gasds OMeﬁrﬁyqoﬁé\eé%@é‘ dio tTﬁ’éeeFéE‘?r bus bar

resist an%nd a%(ieanxohﬂe&eaae tRrddigh OGHY e&aaeef ésﬁﬁééﬁlﬁge dRddtibde.

prevente preferred enbodi nents of “the_invention have been

di scl osed‘lom‘f%tls meglugegappmeg—t@mg tﬁi'@%#‘?ﬂﬁ rd Bhecbysebatcrare
are cont eipl Al EedS ?i t hiche! NepagoPepal t heohRbeO¥h§d @Fdd¥rodes .

Therefore, 1t 1S un od that the scope of the invention is not to be
limted ecmqnqta@n@lmerm@éemng opfhthg fdmnseztipms 1oss and changing of

11 Wat igy &'ffageg _band, ghlcﬁ A d 3&&u; ausgfal%%n@%\em PURfeeH NO:

a piezoelectric a plurali { conb- shaped el ect r odes
each havithe a bnss bar and a finger, are reliably prevented without

requiring more manufacturing steps or a more difficult forming
process,- a§ compared with formation of conventional comb-
shaped electrodes via phdtolithography. _

According to preférred embodiments of the present
invention, the line widths of connection electrodes, such as
the finger connecting electrode, and the bus bar connecting
electrode, into which a finger is branched are preferably
substantially equal to the line width of the fing'er. As a
result, any increase in the insertion loss, caused by increase
of the electric resistance, and any increase in the occurrence
of defects are reliably prevented.

While preferred embodiments of the invention have been
disclosed, various modes of carrying out +the principles
disclosed herein are contemplated as being'within the scope of
the following claims. Therefore, it is understood that the
scope of the invention is not to be limited except as
otherwise set forth in the cl_ai_ms.
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bar and a plurality of fingers disposed on said piezoelectric substrate;
wher ei m““ﬂmm 'said fingers . and said bus bar are connected to each
ot her lmu two connecting routes. 2. A surface acoustic
wave deV|de dccdrdfng*to aimil, wherein said at | east two connecting
routes coymyt Sks atldimsd is0 separate connecting el ectrodes. 3. A
surface acoustic wave device according to Caiml1, wherein said at | east
two connecting routes are conpletely isolated fromeach other and are
“located at twoy diff O | 'd ingubstrate.

4. A surface acou%tﬁ%gia?/ée%‘? ce a%ﬁlﬁﬂ%?ﬁ?ﬁ% ur t her conpri sing
a finger connextpirgaelkeqtnie, S%ﬁ#@‘?ﬁhcﬁ%ent ones of said fingers which
are connected to n a t a
i nger connect nB BEaEEEY B e el A e B e
sai d flrmhaE and sapdubailerOf fingers Qisposedconcsaidi pigzpeleshric
accordln é} further conprising a bus bar connecting el ectrode,
wherein sm(f inger connectlng el ectrode and said bus bar are connected.to
each ot her vi aviserefihat bteasoronetofigsaidcfingers and sadgd hu§ubﬁ5t@re
acoustic

connect i g Q%%éjt:\sfd gfoorrp%ﬁés}?ad%%%}sr&@v@ sep\z;ir% e connla‘%:btxli,é]gé el ett rodeess°

arranged to connect the finger to the bus bar, and a Iine width of each of

said two conn tin d qﬂs; | ggt e

12 substantla y e%ughg? E?hgiF%ggliﬁagﬂh%f sél f1ng 6f@ﬂn6 €6 Eigﬁmal
wherein said at least two connecting routes comprlse at least

two separate connecting electrodes.

3. A surface acoustic wave device according to Claim 1,
wherein said at least two _COnﬂecting routes are completely
isolated from each other’ and are located at two different

locations on said piezoelectric substrate.

4. A surface acoustic wave device according to Claim 1,
further compr1s1ng a flnger connecting electrode, wherein
adjacent ones of said fingers which are connected to the same
bus bar are connected to each other via said finger connecting
electrode provided near areas of connection between said

fingers and said bus bar.

5. A surface acoustic wave device according to Claim 4,
further comprising a bus bar connecting electrode, wherein
said finger connecting electrode and said bus bar are
connected to each other via said bus bar connecting electrode.

6. A surface acoustic wave device according to Claim 4,
wherein said at least two connecting routes comprise at least
two separate connecting electrodes arranged to connect the
finger to the bus bar, and a line width of each of said two
connecting electrodes and said finger connecting electrode are
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wave devi ce conpri sing: a piezoelectric
subst l“lmmnmn)mum plurality of conb-shaped el ectrodes each having a bus
bar and a®plurdl ity 6f fingers di sposed on said piezoel ectric substrate,
said bus bar and said plurality of fingers being connected to each other at
a plural i §ybStasOPAELY | €quaCced i the, liherwiath pfrsabd Hingers.bus bar .
| ocat ed near at | east one of the connection |ocations between said bus bar
and said fingers is renoved so that a renmining bus bar is provided, and

adj acent ones pf SﬁiQuffﬂ@@rﬁcﬂﬁéﬁﬂcawsvéOdéeﬁtedcbnprhsingne bus bar are
connected to each_ other via, sal nlng gus bar near the connection
| ocati ons bet vReP1€%29P %ﬁgrﬁ%r Pers. 8. A surface

acoustic wave élepue&aaci&?r (Bﬂgcéﬂ:&ﬁaﬁé& e\n!wt@oﬂetsheeamhthamng saibudHus
bar | ocated near at | east .one of the connec¢tion |l.ocations, bef wee i d. bus
bar and sea® aRdgadr PLuraldiy QF sHiRFEYs diEPRFPAy OBuSaid %’n%lz%%&&%ﬂq al

bus bars ﬁﬁs@faﬂédeéaﬁh%ﬁ@nﬁa&l rzﬁadausabar ;i.:.eimlaw aaﬂectmgeb:lsatbémg
renalnlng bus bar connects a éacent ones of gers to ot her and

sai d bri cepmeestedpte easheetResal ?eﬂ%\lﬁ%@%ugfbs nPSC&&PB i%é?&ﬂ{l?m

bus bars.yherein & érg%ﬁasf 8a2HSbus waye 1HRELER HeHY Ut A ddbtl onen SF
wherei n at ?east ong said fingers and said bus bar are connected to each

ot her thrtlghcerneehient hecabinnst PREWeEH: 63idohns haty and 13aid fipgers
separate me}.gn;dwf%els%Ct £REeS a  remdPnidySWdHACHaACOYS! ﬁr&@i&edﬁ‘w&ﬁi
Im

according to wherein a line wdth of each of said two connecting
eIectrode%dlﬁﬂﬂébtpngstﬁé'ﬁaﬂﬁyfkﬂgQ#ﬁaY%%cbaﬁresﬁpénﬁFﬁﬁgr?ﬂnﬁﬂﬁnﬁﬁﬁF

el ectrodey,sapdy by ebéanﬁeeegat tagesbp Ut v G4 th e had  pand
said bridglng us ar are substantially equal to the line width of said
fingers. near the connection locations between said bus bar and said

fingers.

8. A surface acoustic wave device according to Claim 7,
wherein .the portion of said bus bar located near at least one
of the connection locations between said bus bar and said
fingers is removed so that a bridging bus bar and substantial
bus bars are provided, the remaining bus bar béing arranged so
that the remaining bus bar connects adjacent ones of said
fingers to each other and said bridging bus bar connects said-
remaining bus bar to said substantial bus bars.

9. A surface acoustic wave device according to Claim 8,
wherein at least one of said fingérs and said bus bar are
connected to each other through at least two‘connecting routes
comprising at least two separate connecting electrodes.

10. A surface acoustic wave device according to Claim 9,
wherein a line.width of each of said two connecting electrodes
connecting the’ finger to the bus bar, said finger connecting
electrode, said bus bar connecting electrode, said remaining
bus bar; and said bridging bus bar are substantially equal to

the line width of said fingers.

This Sheet '-Ias Been Reﬂ

- IIIIlI i



