3 Decenber 2004 1 SAW DEVI CE AND COMVUNI CATI ON DEVI CE USI NG SAW DEVI CE
Technical Field of the Invention: The present invention relates to a
surface acoustic wave (SAW device for use in radio frédlsesmaher 200dcuits and
the like of a wireless conmmunications device. Background of the

Technol ogy: In an application where the pags band is relatively w de and
the flatness of the phase characteristics within the pass band is
important- as in filters for use in the IF stage in CDVA devices which are
drawing attention in recent years, a surface acoustic wave device is
suitable as the anplitude characteristics and the phase characteristics
can be independently designed. Also, with the progress of downsizing and
wei ght reduction of nobile termnals, mniaturization of surface acoustic

wave devices feawlbEwicRIgnD TodlERcARebR DERTRNEE ég‘gcgﬂq;gggl y, inproved
Vi'e

versions of transversal type surface acoustic wave are being
devel oped. 'In a conventional surface acoustic wave device, as shown in
Fig. 14, input TapehigatlpBielidpeér thagihabnticansducer el ectrodes (hereinafter
| DT el ectrodes)-101 gnd, 102 are provided in parallel on. a piezoelectric
substrate 100, .fiyst. reflector- ef‘g%:/(%nrg SEoF03 APETEIRRRTMSE LB aeWe dFAY he
end on the out BB fRF BFe LRI fireppAn eirquddie andnthealilends afwiigess

pi ezoel ectri c substrigheidf30deansk.second refl ector el ectrodes 104 are

provi ded between the end on the input side of the output IDT electrode 102
and an end of the piezoelectric substrate 100. Also, the first and second

reflector el eckFBEEeMMdPE the Pachnodedy:quel y provided relative to the

di recti on perpendi culnaan tappl beat idn @0 Ofha Rk | f

acoustic wavesy,NpgD. Al eheclrdcal signal i % i n%t%?tggfcf ?gl%)%iev%:i p“ﬂjtcd%t i nal
of this surface acoustic wave dEUTEe TSOPYHFd~hiTh sitbindhespags hongdate

t hrough the i nPtRCTERRT 8p @t fbiersofor ved indhediF $tmyef in sbMa MefLesd Ghich

el ectrodes 103repiopagatartentidieisecodt &8 Mirealb el w194 uab £l ect

at the second gef Leat.gh el getrod e%.mgiquﬁude characteris.ti‘cs and the phase
characteristics can he indepex_*xdently designed. Also, with the
progress of downsizing and weight reduction of mobile termir;als,.
miniatu:;ization of surface acoustic wave devices for IF stage is alsé
being demanded. Acéordingly, improved versioné of transversal type
_surface acoustic wave devices are being daeveloped. ‘ A

‘In a conventional surface acoustic ﬁave device, as shown in
Fig. 14, input and output interdigital transducer electrodes
{hereinafter IDT electrodes) 101 and 102 are provided in parallel
on a plezoelectric substrate 100, first reflector electrodes 103 are
provided between the end on the output side of the input IDT elet'::trode
and an end of the piezoelectric substrate 100, and. second reflector
electrodes 104 are provided between the end on the input side of the
output IDT electrode 102 and an end of the piezoelectric substrate
100. Also, the first and second reflector electrodes 103, 104 are
obliquely provided relative to the direction perpendicular to the
direction of propagati?_n of surface acoustic waves. )

When an electrical signal is inputted to the input terminal
of this surface acoustic wave device, surface acoustic waves
propagate through the input IDT electrode 101, refiect at the first
reflector electrodes 103, propagate to the second reflector
electrodes 104, reflect at the second reflector electrodes 104,



2 3 Decenber 2004 propagate to the output |IDT el ectrode 102, and are put
out fromthe output ternminal. Accordi®ly, when conpared with a
transversal type surface acoustic wave device, the sizé lesemlpes20fide
smal l er by the anbunt of overlap of the input and output |IDT el ectrodes

surt ace. aRoReDRie (&6 20pL IRTORRBRONPCI & B e B et W Sthpul ” @

refl ecti oferoinaur f ace acoustic waves differs depending on the angle of
inclination of the first and second reflector el ectrodes 103, 104 rel ative
to the input anBcordinghtwhenTcameaiedoMitls a trpnsversal tynesUAGeREQUSHC Ve

| - passbaggliEARCSS bahitPmad daldBPHRL SnRiloPr Skag) of e BIRRSMY. |

i nvention to provi surface acoustit wave can

transmt cuipbibtel atsctrotdes 18dy 462 fin dme divectiomplipropBfatibre of sadacé acdobstioout put
| DT el ectrode and hence has a superior in- passband characteristic.

Di scl osur®@¥¥St he I nvention: According to one aspect of the present

invention, thepea SuRAEY siflisic ﬁwéad‘&ia@mmgcémvar Mhe etHeOIRItL SHNY @
pi ezoel ectric substrate, input and output interdigital transducer (IDT)

el ect r odeteflgetion gégudace acougticwaves diffars depebdingatie the anglesohiaclisatiom t hat

the directy pr.o ' surface aco i waves i,s parall el
first reféfe@{éoﬁﬁsél%&qogggé:ﬁcg:}gﬁécagﬁ ej)q{:%gqqasoj[ﬁ%ufotgm@%w tga' '@Hffdi@
acousti c yapesIDE eRcRodeeton M OB chds Sffabfy tHeoM-FeRisdahl Rhbradib@stdisgi t al
transducer el ectrode, and a second reflector electrode provided at a

pr edet er mi ned diigttageciore @m ohiegt At thet Prasest dnyention o amevideea suréagsr ode

. gl o, e T ode.
o hect or COyTE eV o b i dipitaherfis SBMERe FEDUSE i rafl e ' " °
i nt er di gi inplit {DTnsldcicede telthetouipet IRTklacteadd @nduhesde tiasoa esuplerioh in-

electrically, . connects and. grounds said first and second reflector
el ect rode@a%‘il?@nﬂ§ FRPBUE bet ween said input and output interdigital
transducer el ectrodes, wherein Equation 1 is satisfied: 2(0-5):5 tan-'(D'L)
< 2(0+45) (1) where O0: angle of inclination (in degrees excluding zero
degr ee) dbPisclosurd pEthednvemiorsecond refl ector el ectrode relative to a plane
per pendi cul ar t%c%:cr)]t%ing to one aspect of the present invention, there is provided a
surface acoustic wave device cbmprising a piezoelectric substrate, input and
output interdigital transducer (IDT) electrodes provided on said piezoelectric
substrate in a manner such that the direction of propagation of surface acoustic
waves is parallel, a first reflector electrode provided on the output side of said
surface acoustic waves at a predetermined distance from said input interdigital
transducer electrode, and a second reflector electrode provided at a
predetermined distance from said output interdigital transducer electrode in a
manner such that said surface acoustic waves reflected by said first reflector
electrode can be reflected and propagated to said output interdigital transducer
electrode, and a cable run electrode which electrically connects and grounds said
first and second reflector electrodes and is disposed between said input and
output interdigital transducer electrodes, wherein Equation 1 is satisfied:
2(6-5) < tan(D/L) < 2(6+5) (1)
where
0: angle of inclination (in degrees excluding zero degree) of the first or the

second reflector electrode relative to a plane perpendicular to the



3 3 Decenber 2004 direction of propagation of surface acoustic waves of the
i nput and output |DT electrodes; D. cehter-to-center distance in mof the
wi dths of the input. and output IDT electrodes in the dilPesembaya004

perpendi cular to the direction of propagation of surface acoustic waves;

secand ref | ect o SBn charaion Gk Pe; ddatite PIES iRl 2REiPg: g

el ectrode and pdbdveletBoded;ect romagneti c coupling between the input and
out put |1DT el ectrodes thereby increasi naét he quantity of out-of-passband

att enuat i on. H:rreqdefi-toreantendistangegini g afitbewdrins o the inpubaneé guinutt!BTor
e pacsband chagafcies fie Hretfio BB ol toife. JHRREhY: SrPesédian of,

coefficients ofsurfaeefaoosistiamdvegcond reflector el ectrodes to be

approximately equal to unity, insertion loss of the device nay be | owered.
Yet furt her nﬁfie%ntﬁyt%@%mtghi%@aase|léagm ghdhetfirshaellegiorn elemirasiet pod ther

el ectrodes to }%C@nyr}{eﬁéé’cﬁ%f&ﬂgheel ectrode, insertion |oss of the device
. Ye ur ,

may be |owere er nor by dividing the first and second

reflector el ecThodeblefrunt blectiedt croikat as @rshiéling estrodiet and herequart ity
of out-of-EBassband attenuation nay be further increased. Yet furthernore,

by maki nlERECPIENE!G GRURNRG Debueerh thw daput: anth oufrutYLY elssiredes thaeehynput
and out ; t hea [ ' ILng effect may be further
enhanceg%%étgg%@rl?%eﬁ%ﬁg vax?'{jthrﬁtFﬂal%\ébggg/ia?ng%@éﬁ;rovi ding on at |east one

of the ends dn aduition,dBsdedighing themﬂue&oﬂewmﬁl qd@ﬁoﬂr@rﬁdil@dﬁﬁar@?&,hﬁ
first or the,second reflector electrodes _an electrode finger having the
sane pit dR'S 4@\iedMayrke Biagledugher syRenardn ﬂtéﬂn-&@sw@deqzwﬁp%@éms-ngers of

t he above- nentgqassh I : n?cl‘n ; thQ F gl 2 at?:,%% t he
above-rrentioneF(t:I el eg{cf‘%agﬂjlgﬁlaglr , %qgﬁé%t@ué%\aveééfr%ané %lsﬁgé}?}oﬁaaérecgangl e
may be re@flegted elegiodeartt berappreximately dduias talenity; énsdriop tapsi afithg davicehe end
on the 1DT ﬂ‘j’ ctrode side of the reflector electrodes provided with a

r

short el dCEY §&OVF

Yet furthermore, by designing at least one of the input and output IDT
electrodes to be a unidirectional electrode, insertion loss of the device may be
lowered.

Yet furthermore, by dividing the first and second reflector electrodes of
the device into more thah one unit, the quantity of out-of-passband attenuation
may be further increased.

Yet furthermore, by making the cable run electrode broader than the bus
bars of the input and output IDT electrodes of the device, shielding effect may be
further enhanced.

Yet furthermore, with this device, by providing on at least one of the ends
on the sides of the input and output IDT electrodes of the first or the second
reflector electrodes an electrode finger having the same pitch, width, and angle of
inclination as the electrode fingers of the above-mentioned reflector electrodes
but shorter in length than the above-mentioned electrode fingers, a filter
waveform close to a rectangle may be realized.

Yet furthermore, with this device, by providing at the end on the IDT
electrode side of the reflector electrodes provided with a short electrode finger
and in parallel with the electrode fingers



and in parallel with the electrode fingers 3 Decenber 2004 of the |DT

el ectrodes an electrode finger, having a wwdth approxinmately equal to 1/8

of the wavel ength of surface acoustic waves, for conneéiiepgmbend¥dof

el ectrode fingers, unwanted reflection may be prevented. Yet furthernore,

with this device, by meking the reflection characteristics of the first

reflector electrodes and the second reflector electrodes different, the

quantity of out--of-passband attenuation may be increased. Yet

furthernore, with this device, by nmaking the netalization ratios of the

first and second reflector electrodes to be in the range - 0.45 to 0.75,

reflection ef fi%i ebty PRT eflectrwids famgeleofrotbe fimgbkechavimy eat nades may

be enhanced t hugpesaitdtedy shdg1 E684YUs b}, wQ@e)}é}%tB%‘%'s%%%%e %ég%ttég%gﬁ-ﬁﬁY.et

furthernore, vvifth this device, the quantity of-out-of- passban Ut tion

may be | ncreaséd by HERI-HYT tRES WP UG EsnBingsrsy hanveanded reafd ebt baye meyof

the refl-ector. &eeprevadsdgreater than the vm'bdt h of 3; her e![ ﬁpt (rjodtraef ector
ingers. Yet furtherg ' IS Vi . proyi di a ir

fe: ggt rode on the si dgpﬁg“é‘\s@?‘%ﬁ“ﬁé véllqgleltﬁﬁserd 8¥%‘%e', }é?"r"ée{}g“?e?’}eeﬁ?aec“°“

el ectrode of tﬁg‘aF?ﬁﬁﬁﬂF’ pogcthediinss refleatdedelactacder eddt eheristednd

di stance from trhéléatput el BTt RIGeet HQOLereaR( Eﬁ@vch_dﬁ,@gty Aof cwtt_lgfz J86h9"
e

el ectrode on t ' ' e sid mhere_t second refl ec or
el ectrode of t%gt%%igtﬁgﬁ@ tg?e%%fr(?&esaﬁ’s provi ded at a predeterm ned

di stance fromthe o urihyprapeet votle this deviceschy vaking tmdé age;xim@ﬂsbﬁc
waves propagat catidsheOund £hhet E{i@%bcbﬁ-rréﬁllet%‘i%fQgﬁcf@ﬁﬁgq:o\?é{ %E;tﬁlg‘ié,:'aé ® ce
ropagated to jh u | DI..el ectro et furthernore, th- ,
Ey Eogfiguri ngbé{?5 ﬁ}ebtagt'tlghepefolfecfe' & | &FI%.I}IW SEEpEteq5Pds) Etagesies wheh a
split el ectrodEeHRALRF elavtepdes mauebs ienhanced dhhs Fppbbiigrati et yrafidalion O
X8 (X wavel eogtthe péfEdbthaceran@dabsc waves), internal reflection within

the i nput and out p%t! gll_rtq'le%%g:g,d ew%.ﬁﬂai\{hfse d%{rfc\:/ee.ntttelg C%Pacrlltgt:\./rm éjfe- 0?1290; -l at
pass band ITaypggédngvgtézgﬁation nay be ingréasea by'makihg the width of some
‘ of the electrode fingers of the reflector electrodes greater than
the width of other electrode fingers. .

Yet furthermore, with this device, by providing a third
reflector electrode on the side opposite the side where the first
reflector .electrode of the input IDT electrode is'provided:at a
predetermined distance from the.ipput-IDT eléctrode, and providing
a fourth reflector electrode on the side opposite the side x;r'h:e:'i:'e the
second reflector electrode of the output IDT electrode is ﬁfoVided
at_a predetermined distance from the output IDT electrdde. bi-
directional surface acoustic waves propagating thrpugh the input IDT
electrode may be efficiently propagated to the output. IDT electrode.

Yot furthermore, with this device, by configuring at least one
of the input and dutput IDT electrodes with a split electrode hgving
an electrode finger width approximately equal to A/8 (A: waveléngth
of surface acoustic waves}, intefnal.reflection.within.the input and
output IDT electrodes may be prevented and a wide and flat pass band
may be provided.

‘Yet furthermore, with this device, when the input and output
terminals of the surface acoustic wave device are of unbalanced type,
by grounding the input and output terminals on the side of opposing

input and output IDT electrodes, 'electromagnetic coupling between



Yet furthernore, with this device, when the input and output termnals of
the surface acoustic wave device are of unbal anced type, by grounding the
i nput and output terminals on the side of opposing inpdtDeserdbeod®igut | DT
el ectrodes, el ectromagnetic coupling between 3 Decenber 2004 5 the input
and output |DT el ectrodes may be prevented gnd a large quantity of

out - of - passband attenuati on nay be obtained. Yet furthernore, with this
device, by providing an acoustic absorber between the first and second
reflector electrodes and the end in the direction of propagation of

surface acoustigzhwaves of the piezoelectric substrate, unwanted refl ected
waves at the end of *PHE P ePPRMEIRT eleahetdes: Barde PEeueindbedd andaagkl at
pass band may bemuaobigi eédoutielf -pardtaedndtnuatidh WhlyShébteenady Provi di ng

a sound- absorbing ma [ et n,..ithe first and second reflectaor

el ectrodes and the en%&! g?l gﬁée“ﬁ'%tr git%ﬁdﬁlescts Ton st b%rpdﬁ?éﬁgf‘?%ﬁno?qm‘fﬁﬁ’ace
acoustic waves GPSPRRETPeLHRaNcEhe Farstsadreacond wakdatter eleftacieodavbivhs at
the end of the phazoetwctiiractSvhds ptdpadayidieor fSurkhed a@%gil&e‘gla@gd?gt&gat
passs band nmay- ?gegpél%ic@ggc sébg,gzgaq:réd snurfgc(_g aggust i.c wave device of the
present inventi6n  conprises a piezoel &€CLFPE Tehb S vesnputhasgdnit she

| DT el ectrodes DPpreRslgsticis sphetndtel manbe ebsprexbehéct Elat pabs thaatiayayf best

to fourth refl ept@rnedd.ectrodes provided on both sides of the input and

output |IDT electrod dafifth reflector electrode provided between
the. Input and out pﬁfdtl %%rgﬁ%ﬂorr(?deg’:th vﬁ%ﬁedﬁﬁ‘é\cq"i Rt PEGViRY GusoHnd-

reflector eléctrbeePiagempiesialedlby petngehy thiiefmate amdglseson®| pdfiteetot0 a
pl ane per pendi celégtriotes hadthe ehitPurah 181 ARagal id_QPe@rfio%Uf:E %&‘Spa?é;él%%t ég
waves, thus pr 0¥{19éar<':%. acgltljrgi%c%aacsous ¢ aye devi ce snal In"sTze and "
superior in the quantity of outTdre pisshEnBt &t IRGEFT O P ubAERES oEMEpEedi t h
this device, byrekacdtdivryeBqaht tenen@2f  theupiemelactuixt istbeera MAY be
be-efficiently pispRgabeshrbdlbari a5f1§@'p1a(;g bdnds mg§65"65)ob@glnw.er e
A second surface acoustic wave device of the present invention
comprises a plezoelectric .substragte, input and output IDF eléctrqdes
provided in parallel on the piezoelectric substrate, first to fourth -
reflecto;r electrodes provided bn both sides of the input and output
IDT electrodes, and a £ifth reflector electrode provided bétween’ the .
_input and output IDT electrodés, where the first to the fourth
Teflector electrodes are incliﬁed by roughly 'the, same angles i:élative
to a plane perpendicular to the.t'ii_.rection of propagation of-éurface
acoustic waves, thus providing a surface acoustic wave devibe small
in size and superior in the quantity of out-of-passband attenuation.
Additionally, with this device, by satisfying Equation. (2),
surface acoustic waves may be .efficiently propaéated.
2(6-5) s tan™(D/L) = 2(6+5) (2)
- where '

@: angle of inclination (in _degrees excluding zero degree) of
one or more of the first to the fourth reflector electrodes
relative to a plane perpendicular to the direction of.
propagation of surface acoustic waves of the input and output
IDT electrodes;

D: center-to-center distance in pm of the widths of the input
and output IDT electrodes in the direction perpendicular to

the direction of propagation of surface acoustic waves;



0: angle of inclination (in degrees excluding zero degree) of one or nore
of the first to the fourth reflector electrodes. relative to a plane
perpendicular to the direction of. propagation of surfdd&camtsugildic waves
of the input and output |DT electrodes; D: center-to-center distance in
E, tni of the widths of the input and outpgt IDT electrodes in the
direction perpendicular to the direction of propagation of surface .
acoustic waves; ter; 3 Decenber 2004 6 L: center-to-center distance in pin
of the first reflector electrode and the second reflector electrode. In
addition, by designing the value of 0 to be equal to or snmaller than 25,
this device may be et CEPE heg- aguper i Grstance ts wmnepatisbaidst reflector

characteristics. Furtkeroorele hyades gad;(ngi &Eglgﬁokegié&?gﬁgegahg: e{lgs of
the first to fifth reflector electrodes to be approxina
unity, insertion Iofss % {;T’%"d &Yi %Sﬁ?&ﬁn%etr}eoﬁg‘éﬁ OfYRttq et petatorte, omi t h

this device, by "ebH4 §hap iF° at thiendeviemeapfbe made nputchan dupepst ihDits

el ectrodes W t Anapsg¥baha abifehbege sthayi ng an el ectrode finger width

approxi mat el y equal wavel ength of the surface acoustic -wave),-
i I?\Itoer nal reflection i nsﬁﬁjémo’géheb? r‘i‘ﬁﬁigw Bie petlagbion|ceetftrientamt ble

prevented and &l%#tiec &htkh fdfiecpaseldnnddenyobe appovitiadelyebuded BEldipr e,

h this devi h [ r I t ctrode work as a
\émhlt el di Ing el ecfﬂr;:sopéllkemOimi%@gCJE ead dfewce "%%t r%rr%éqr?g%‘?c coupl i ng between the

i nput and out put fbeyti g{f’(f) u%flé‘g nﬂ?tﬁet&%@@m—‘éﬂr PyugopHevr ha gtaledast ce

T | Sy ot o psmerramstony i i g

the i mput and vy “prstedtedle Blbd bERRL qubtEelioali Siiny & MOHI But o

el ect rﬁgdes an e Jé’é °fi Hﬁé’?"r REYPAGUSHE wwviee - - frtemakirefliectionlinmiglee of

i nclination astltehénput and output IDT electrodes may be prevented and a w:.de and
flat pass band may be prov:.ded.

Yet furthermore, with this device, by making the F£ifth
reflector electrode work as a shielding electrode by groundiug it,
electromagnetic coupling between the input and cutput IDT electrodes
may be prevented thus providing a device having a large quantity
out-of-passband attenuation. . -

Yet furthemore, with this device, by providing on at least -
one of the ends on the side of the input and output IDT electrodes
of the first to the fourth reflector electrodes an electrode'finger
having the same pitch, width, ~and angle of inclination as ‘the
electrode fingers of the reflector electrodes but shorter in Iength
than the electrode fingers, a filter waveform close to a. rectangle
may be obtained.

Yet furthermore, with this device, by providing at the end
on the IDT electrodes side of the reflector electrode provided with
a short electrode finger and in parallel with the electrode fingers
of the IDT electrodes an electrode finger havingawidth approicimately
equal to 1/8 of the wavelength of surface acoustic wave'e for
connecting ends of electrode fingers, unwanted reflection may be
prevented.

Yet furthermore, with this device, by making the reflection
characteristics of the first and second reflector electrodes
different from thliose of the third and fourth reflector electrodes,



el ectrode fingers of the reflector electrodes but shorter in length than
the el ectrode fingers, a filter waveformclose to a. rectangle may be
obtai ned. Yet furthernore, with this device, by providi #desembend0®nd on.
the I DT electrodes side of the reflector electrode provided- with a short

el ectrodeyfd (?}Qag{tit@Bﬂo&tfbfp@és%g%ﬁ{jl awbhgaﬁ&gm IRfAgddgngers  of the |DT

el ectrodes a ectrode fin aving a h approxi mately equal to 1/8
of the wavel enyehfuwthesomofe crittathis stavicepdyenakingrthecastatigtiion rativdsobthe

i . i d. Yet furthg ,
W th ¢t sk goabe i R pRelrBERs dB RS e aRage S ot Tor el or
and secongfficRhks HedlelEbtRidd md T EBRANnddOH h&%lﬁpiétig@(;%&hét%n%p

fourth reflector el ectrodes, 3 Decenber 2004 the gquan _ _
out - of - pathspgfiectar elastradedn nay be increased. Yet furthernmore, with this

devi ce, by mak{ |izatiqp. ratios of, the first _to the fifth
reflector el ecyggd Etﬁfeﬂ%éﬁe,i a"t{hhgn"san%eé"(&%%h? odugnity OfePHESBFP%Sband
effici encw@matehema?od@ ihCirRgEd NBY miﬁghhecwth hafss@Rabbi e Sld@rode
reduction of the reflector electrodes. Yet furthernore, with this device,

the quantfingersiof aldeast-gnesebtivdirshia teuliith oeflenigr elecirades gratentharettieng t he
w dt h of \ﬁrﬁ‘ﬂﬁo%t %éer%é@’(a rff?fg)%r%f' ngers of at |east one of the first to the

fifth reflector elec 6s greater than the w dth of other electrode

fingers. Yet fVethetheomere,wyithh thibideviss)iieen e inglearidputpua iernsidaiUsT
term nal s, of he surfﬁce acouystic wave device are of unbal anced type, by
gr oundi ngtMERUMaGSRCOUSHR WAYeRRVIER AR A P@b%lﬁlnﬁ el bygIroypgisgi the 'Fﬂlﬁgt and
out put | I ; (o} t o t '
out put 1| O oo RRinal UCHEORBEN Sop AP Ihld, iRt SRERIT Lpetbadt
out - of - paglebpmagneticcaupling awden the dpedandreutduirDieeleniredesvinhdly biei s

r ovi di sound- bet ween t first to the

firtn rerigbeRedaie BuBR ianibiet ot e brad prtesalionay & dipbiedar e i n
the direction vt ﬂ@h@n@ﬁﬁ@ﬁé,@ﬂti’pfhiéHéf{i@é?bg%’@ﬁéﬂn@ ARYBAd-aBRYAIKEG thateREl ect ed
waves at the end of the piezoelectric substrate nay be absorbed and a flat
pass bandoshpepdhedirsi teethe firth reflector electrodes and the end of the piezoelectric
substrate in the direction of propagation of surface acoustic waves, unwanted
reflected waves at the end of the piezoelectric substrate may be absorbed and a
flat pass band may be obtained.

Yet furthermore, with this device, by providing a sound-absorbing material
also between the first to the fourth reflector electrodes and the end of the
piezoelectric substrate in the direction parallel to the direction of propagation of
surface acoustic waves, unwanted reflected waves at the end of the piezoelectric
substrate may be further absorbed and a flat pass band may be obtained.

According to another aspect of the present invention, there is provided a
communications device comprising a mixer, a surface acoustic wave device the
input side of which being connected to the output side of said mixer, and an
amplifier the input side of which being connected to the output side of said
surface acoustic wave device, said surface acoustic wave device further
comprising a piezoelectric substrate, input and output interdigital transducer
electrodes provided on said piezoelectric substrate in a manner such that the
directions of propagation of surface acoustic waves are parallel, a first reflector
electrode provided at a predetermined distance from said input interdigital

transducer electrode foward said output side of said surface acoustic waves, a



Yet furthernore, with this device, by providing a sound-absorbing nmateri al
al so between the first to the fourth ré@lector el ectrodes and the end of
the piezoelectric substrate in the direction parallel Bde«tmbad2d®cti on of
propagation of surface acoustic waves, unwanted reflected waves at the end

band may BEong 51 Regr eRERHE VRN 5 hdelemiAed st Bt anb YT on,

there is ipterdigitet tensdocevuelectivdenis deniaffer GURhi hiahdt feffickethe asifddeace
acoustic wave, device ‘t:ﬁ?e i nput  sj ('J!e of whi ch being connected to the out put
side of sAFAUSHEERvesatrdlested Byseia fiest reflector slactredaanst Pignagrteseingaid
connect edy iyt hﬁté?Hr‘yHHF t?éﬁjs%lu?far Sﬁb@troéé‘,r T PCUBIE | FuVBUECHEYE Chhich?! d
surface acoustic wave device turther conprising a piezoelecifric substrate,
i nput andeleatrically conreds gntdajrounds sdiddest ared setcorabiesleptoy\slelsrbdes sad i3

pi ezoel ect.ric substrate in a.manner such that the djrections of
propagati%ﬁp%?ecga?qtyggnaéﬁﬁst"i'@ﬂ Pds OHP%JtpHP%'Tq?@aJ apgquUGer  elecliedss:
el ect r odeyRe@i Bedafdn &1)A5QEAsMIJT ned di stance fromsaid input interdigital
transducer el ectrode toward said output side of said surface acoustic
waves, a 7a 3 December 2204 Sectand (DAS)Ie2(Por 5kl ect r ode(1pr ovi ded at a
pr edet er m ned d'hst ance fromsaid output interdigital transducer el ectrode
in a manner sufi®®hat it reflects the surface acoustic waves reflected by
said first rgf i : 3 i teid igi tal
Cransducer o cartoc, AREUERTE CRORE RIPHERE2b® ddfe) B A nrsCbF Sau
connects and gsenomdsreflacthr elacitodenglativedad pleheesrpenditwat tothesdisestioins
di sposed bet ween sai d iinEUtf and out gut interdigital, tr an{sducer el ?g [I_odes,
wher ei n Equat i 9nPCPRGAL0E f; syiface abppstic uavesof,saidgnpyit and,pyipy é (1)
where 0: angl geefrodige! i nation in degrees (excluding zero degree) of said
first or said second reflector electrode relative to a plane perpendi cul ar
to the di red?ieantenio-penipngistanse of pawuof theewidtiouef saidviapetsannd ostpud IDTput
and output I1DT, electrodes; D. center-tq-center, distapce in mof the w dths
of said input %Jﬁﬁéf%ﬁ?%m ﬁ]qﬁlrecgo&??rgggalcp%rttﬂéhgi rection Of popagaticd®far o
the direction Qirfddeconafirticavel; surface acoustic waves; L:
center-to-center distance in mof said first and second reflector

L: center-to-center distance in pum of said first and second reflector

electrodes.
This may enable a reduction in the number of factors related to amplifier
elements, or a reduction in the amplifier power dissipation thus providing superior
cost performance.



el ectrodes. This may enable a reduction in the nunber of factors related to
anplifier elenents, or a reduction in the anplifier power dissipation thus
provi di ng superior cost performance. 3 Decenber 2004 83Biecenpbepeddri pti on
of the Drawings: Fig. 1 is a top view of-a surface acoustic wave device in
a first exenplary embodiment of the presentginvention. Fig. 2 is a top
view of a surface acoustic wave-device in a second exenplary enbodi nent of
the present invention. Fig. 3(a) is a top view of a surface acoustic wave
device in a third exenplary enbodi ment of-the present invention. Fig. 3(b)
Is a top view of a surface acoustic wave device in the third exenplary
enmbodi ment of the present invention. Fig. 4 is a top view of a surface
acoustic wave device in .a fourth exenplary enbodinent of the present

i nvention. Fig. f -a surface acoustic wave device in a
fifth exenplary Bg:(n%%)db C%J‘EQPO? ﬁlg © FFEEERNYS i nvention. Fig. 5(b)-is.a top
view of .a surface acB&gt |Jciwa¥/é:°®em@'e ofha suir€adé fachuekisnphes \evice in a

enbodi ment - of tmrateémtplhﬂy%tuoemend:bﬁ ifs 'pi»eéeﬁ@ﬁn%’r%&é’!h%f a surface

acoustic wave- device %D a. Sixt QQP dinent o pr esent
invention. Fig. 7 is- a%t i %\/5°8f “sﬁFfaa(,sé‘rf%t‘éeoﬁé’PP%tWaVéV‘ﬂ@\Wé@e|Jﬁl a
seventh exenpl aspcend cdempherpfenbhéingmesentthenpeatémnintértioll.i S a top view

of a surface acousti cFy\@vg(ggviscg £dp 8lew %%@%ﬁr?%@ﬂbgﬁé’ti%@%% ge‘rrl{ccfgéfzge

present invention a view of a surface acoustlc wav
in the eighth é’xﬁwéa%? @?fjﬁﬁ' $ digrent nef FheseRsenky Emangaonrig. 10 is a
top view of a surfaceFtgodsbi clsnavimpleissw efi &) suBfadeNbBoaEPhard asvndiigent
of the present tﬂMefﬁiﬁnexerEﬁ %nﬂo%lﬁeﬁé)%f‘”t%"&fes@?é urface, acoustic wave

device in a tenth exengé)1 i he priesen i HVERETShH. Fi g. 12
is atop view of a suff FULPP g% BE Fe FPERRGe acoustic wave device in a
fourth exemplary embodiment of the present invention.

Fig. 5(a) is a top view of -a surface acoustic wave dev1ce in
- a fifth exemplary embodiment of the present invention. .
Fig. 5(b) is a top view of .a surface acoustic wave device in
the fifth exemplary embodiment -of the present invention.
Fig. 6-is a top view of a surface acoustic wave device in a
51xth exemplary embodiment of . the present inventlon. .
Fig. 7 is a top view of a surface acoustic wave deﬁice in a
seventh exemp;ary-embodiment of the present invention. .
Fig. 8 ig a top view of a surface acoustic wave dévice in an
eighth exemplary embodiment of.fhe present invention.
Fig. 9 is.a top view of a surface acoustic wave device in the
eighth exemplary embodiment of the preasent invention
Fig. 10 is a top view of a surface acoustic wave device in
a ninth exemplary embodiment of the present invention.
Fig. 11 is a top view of a surface acoustic wave device in
a tenth exemplary embodiment of the present invention.
Fig. 12 is a top view of a surface acoustic wave device in
an elgventh exemplary embodiment of. the present invention.
Fig. 13 1s a top view of a surface acoustic wave device in
a twelfth exemplary embodiment of the present invention.
Fig. 14 is a top view of a conventional surface acoustic wave
device.



an el eventh exenplary enbodi ment . of. the present invention. Fig. 13 is a
top view of a surface acoustic wave device in a twelfth exenplary

enbodi nent of the present invention. Fig. 14 is a top vB&kcufben2004

conventional surface acoustic. wave device. 3 Decenber 2004 9 Description
of the Preferred Enbodi nents: Referring to-dyaw ngs, a description will be
gi ven bel ow on exenplary enbodi nents of the present invention. Exenplary
Enbodinment 1: Fig. 1 is a top view of a surface acoustic wave device in a

first exenplary enbodi nent of the present invention. In this surface
acoustic wave deyigGe.: input. I DT electrode .11 and an output |DT

el ectrode 12 are provII‘)gg‘%f1 g% 'E’ahepi Efg‘éfréec‘{ %f“%oéjé‘l?ﬁ*s't*'rate 10 parallel to the
mai n di rection of prof&efarriny 66 dnaviinge =adoustipticnavesl (hegeiaaibebyw on

referred to as dixephhdy dboBiRAGabE e BLeé#{;cf gﬁgm@tci%#st ic waves. ) in a
ap.

manner such that one of their ends overl e 1nput I'DT el ectrode 11 is
so structured that a plurality of electrode fingers lib on the positive
el ectrode side cixempiéeyd Embodimdntsbar: 11a on the positive el ectrode side
and a plurality of elggtr bngers .lid on the negative el ectrode side
connected to a. busbargilgqgnét ‘rrlfe‘%watolgvfés 28?‘? c?%@“ﬂ’cfé"’é?’% device in a
interdi gitated tHFst egupdasnambetimento ofnphe presemndingedtimn.15b t hr ough

the busbars 1la, iicInTiisOsiHake! d2buBtes a8 QekdchS a80 i ubtH L8040, a
positive el ectrode si §a°°

plurality of elgc e fi r 2b on_the

connected to a ]leaiusggganl%&g% ?Ri %&?FF?@% 1&) 8%¢ PFA¥Ldsdionan Pigzpplectivicy
of electrode fiS¥§eFs2tERto paratieliwgeitd neiiedbrictdde ofigdepagativht @lsiFac
busbar 12c on t h@ousgad kdRLtRGLI A ASradEg itB}]a;%r g&i@&ﬂ&-ﬁg% Q%E?%a%i%ﬁe

connected to outogu%ut r.m nal Sﬁ%%?v’gvmb—t'hr ough t usbars

structure of thé electrode P F P ipiym " SYoRy that one of their ends
overlap. : ‘ .

The input IDT electrodellll is so structured that a plurality
of electrode fingers 11b on the positive electrode side comnnected
to a busbar 1lla on the positivg_ _electroc_:le side and a pluial_'ity of
electrode fingers 1l1d on the n‘e’ga}tive electrode side conné'cted to
@ busbar 11c on the negative electrode side are interdigitétec; thus
being connected to input terminals 15a, 15‘0 through the bushars 11a,
llec, - o ' <o
- ~ The ocutpiit IDT electrode".l.zl is so structured that a plurality
of electrode fingers 12b on the,p'ositive electrode side connected
to a bushar 12a on the positive electrode side and a plurality of
electrode fingers 12d on the negative electrode side conneéted to
& busbar 12c on fhe negative electrode side are interdigitaﬁed thus
being connected to output termin:za:_i.s i6a, 16b throu;;h the bﬁsba_rs 12a,
12¢. | -

The structure of the ele?ctrode fingers 11b, 114, 12b, 12d is
such that they are of approximately the same length with a width
approximately equal to 1/8 of the wavelength of the surface acoustic
waves and disposed at the same pitch, and l_)oth'th'e input IDT eiectrode
11 and the cutput IDT electrodé 1"2 are of split electrode structure
to prevent internal reflection. -

Also, first reflector electrodes 13 are provided at the end
of the input IDT electrode 11 on the side of the output IDT electrode
12 at a predetermined distance from the input IDT electrode 11, while ‘



such that they are of approximately the same length with a wdth
approxi mately equal to 1/8 of the wavel ength of the surface acoustic waves
and di sposed at the same pitch, and both the input |DT @Decimedz00411 and
the output IDT electrode 12 are of split electrode structure to prevent
internal reflection: Also, first reflector g ectrodes 13 are provi ded at
the end of the input IDT electrode 11 on the side of the output |IDT
el ectrode 12 at a predeterm ned distance fromthe input |IDT el ectrode 11,
whil e 3 Decenber 2004 10 second reflector electrodes 14 are provided at the
end of the output g ]kectrode 12 on the side of the input IDT el ectrode
11 at a predet & H Ee SRR SOOI e G RICVERSY eF dberandecd the output
Furthernore, el dofir etlectfriongels dnl3he asnibicl48 e inpati ned ei@ctfb’ﬁe tﬂlleat aggl e
bet ween a pl ane pendi; ar ctpon of op ti

PREE PRI Tl phoY, Sl HAC, SuiBafP I | 8leooge 12

surface acoustiC waves an fihgers
smal | er. The fi FEFthgrmorephelestntte fmqe@@tb?ra em@dtlﬂ@d?esum,med&oaﬂmumﬂe by

respectivel y .di apgsé hetaberd helaa%e&baﬁﬁﬁllsftﬁooaﬁe di#‘{e&%ﬁ o3 egfl% achayi ng

approxi mat el y thg ‘fi’f dt h and , have re tron crent
of approxi mat el y unt% ?“;:,%?ﬁs%‘ﬁﬂ‘?ﬁf‘? Vet padetiteep g troan iigaprat 18n. giat e
first and seconéSr afd emebirer. el Bhet £ockds add ‘thédsdcontotyfleytar mea’:ﬂﬁe@gi:&m
Furt hernore, the | ecto trodés

_ 4 H!éjhgée Yy EQ%J&t&%&l}f‘r&isg aE%! 6L o8 gﬁ e&ﬁcgfo%e.' 5.

14 in the dlre%i "(Fé‘p enlc ar to tion of roa
surface acousti & U el ihigving %@I@éfa‘a@tﬁld e g@'@aﬁs‘iﬂt mlemth A hs
in the same dirbate onfdéctiba ccmflﬂncmiﬂ: oﬂtappfo:ﬁlih'ﬁteiﬁerhﬁ.eﬁescéﬁse qléntly,
Furthermore, ¢ hend NBytoAnd. QUERNLAOT CheCtiodes.dd ad? oand,s the,LLrst

a S|“f1| 1885 e

and second refle-ﬁtor -electro are forned
pi ezoel ectric sBHBYTTREES 103 ¢ Ht @aF?%ﬂWYE&uaﬂﬁﬂrielew)‘amrn ﬁustlrefra:oeeacmmt ic
wave devi ce havwihdtishef atiey €isdt alUsesondWheileabofleaebtidacy 482114 8n the

inputted from t§g-ddiRyh @fﬂ@nﬁ@:&lajé%o thaPal Qddi8n' BP uprcl)p[g.-lg;a .llgzs téé) d% 1L,

surface acoustic waves ar
surface acoustic waves are made to be equal to or greater than the

widths in the same direction of the input and output IDT electrodes
11, 1z2. .

Furtherm_ore. ‘the input and output IDT electrodes 11 .-. 12, and
the first and second reflector: electrodes 13, 14 are formed at

. .‘positzl.ons on the piezoelectrlc substrate 10 that satisfy Equation
(1). R |
In a surface acoustic wave device having the above st:_fucture,
when an electric signal is iuputted from the input terminals 15a,
15b to the input IDT electro_de 11, surface acoustic waves are
propagated to the first reflector electrodes 13, reflected by the
first reflector electrodes 132, and propagated to the second reflector
electrodes 14. Subsequently, the surface acoustic waves reflected
for the second time by the second reflector electrodes 14 are
propagated to the output IDT electrode 12 and taken out at the output
terminals 16a, 16b as an electric signal. In other words, though
-the surface acoustic waves take a %Z- -shaped propagation route, as the
first and second reflector electrodes 13, 14 can efficiently reflect |
the surface acoustic waves that have propagated through the input
IDT electrode 11 and propagate to the output IDT electrode 12, a
surface acoustic wave device having a low insertion loss and a flat
pass band characteristic may be provided.



propagated to the first reflector electrodes 13, reflected by the first
reflector electrodes 13, and propagated to the second reflector el ectrodes
14. ' Subsequently, the surface acoustic waves refl ect edDetanbet P#4second
time by the second reflector electrodes 14 are propagated to the output

| DT el ectrode 12 and taken out at the outpuf terminals 16a, 16b as an
electric signal. In other words, though the surface acoustic waves take a
Z- shaped propagation route, as the first and second reflector electrodes
13, 14 can efficiently reflect the surface acoustic waves that have
propagated through the input |DT electrode 11 and propagate to the output

| DT el ectrode 12, a surface acoustic wave device having a low insertion
loss and a fl at Expeglargaiubaciacatt eri:stic may be provided. 3 Decenber 2004

L1 Exenpl ary Enbodi meptq 2, fg % cfp Saf SR ¥ﬁ1§é’¥c@fa@ox§ﬁ 163G BN En VRV E

device in a second exe sent 1 nvent
Structural el efiBfitRd §?‘ﬁW]§FYt %‘“"1’9136@@“? rPfFitBe Pfeﬁ%t dé’érﬁgﬁmled Wuf:ﬁé’-‘%-hrre
ref erence nuner alensntd desildrptioorhwéd |irbeigni Lt &6k désdgﬁsfédatwyomnw Ldmdow

Pe g} ven on 1 herBelise Sufl-bIE1 S0P Besl LAMLRS I BL Sie3ABLATY embodinEnt ..

I'n this second exenpl ar absor bi'ng nater als 17a, 17b
are formed respecti Vel Sﬁ’é’f%@ﬁ wHLY ApYitbel gives eet?ll?déolllts af sEdsatence

refl ector el ecframechkd rangt aexanﬂ.aﬁir anpanest Cti Q:tﬁub%?&lds e?x%m fa‘%-
bet an out | ec ir ect rode an
et ween . u % chJBlnE Su?x ?gszdfagn% tergall. Hl $ 'Zb abqsr& b ﬂ

end of the piez ectric su or m ng
material s 17a, IYEPeChhvRlE batweet pacnpyh W elﬁrqteeée a?douetae@oné\mﬁéée@tont he

ends in the direnddtande afs &r@aﬁ@aﬁlma @&e&&&e@t@i@%ﬁﬁﬁ%i&& $0IPgA BEEwedeh MaY

be prevented ther¢ E%@ ge;i qi ﬁ¥%the%gQ%ea géeﬁﬁéode

fingers 13a, 14a of ?He ir ec or o THhe

reflector el ect‘P’%ﬂjQflﬁh%lriéezeﬂe?ﬂﬁﬂl@aﬂ%ﬂtré’éﬁrPé’et ed with busbars 13b, 13c,

14b, 14c; the.busbar ®yl8srmikdbtié @ound-absotbing materials 17a, 17b, unwanted
reflection of surface acoust_ic.' waves at the ends in the direction
of propagation of the piezoelectric substrate 10 may be prevented
thereby realizing a flat pass band. '

Furthermoere, electrode fingers 13a, 14a of the first reflector

electrode 13 and the second reflector electrode 14 are electrically
connected with busbars 13b, 13c, 14b, l4c; the busbars 13¢c, 14b are
electrically connected with a cablée run electrode 18; ahd the busbars
13b, l4c are connected to ground:i.ng terminals 13f . 14F, The cable
run electrode 18 is provided on the piezoelectric substrate 10 be_tween
the input IDT electrode 11 and the output IDT electrode 12 ina manner
such that it has a width greater than the widest portion of the input
and output IDT electrodes 11, 12. that is, the width of the busbhars.
1ia, 11lc, 12a, 12c, thereby further enhancing shielding effect and
preventing electromagnetic coupling between the input and output IDT
electrodes 11, 12 thus achievi‘ng an increase in the quantity of
out-of-passband attenuation.

Exemplary Embodiment 3:

Fig. 3{(a) and (b) are top views of a surface acoustic wave
device in a third exemplary embodiment of the prevent invention.
Structural elements similar to those in Fig. 2 are designated by the
game reference numerals and description will be omitted.



electrically connected with a cable run el ectrode 18, and the busbars 13b,
1l4c are connected to grounding termnals 13f, 14f. The cable run el ectrode
18 is provided on the piezoelectric substrate 10 bet ween Detdneber B4t | DT

el ectrode 11 and the output IDT electrode-12 in a manner such that it has
a width greater than the widest portion of;4he input and output |DT

el ectrodes 11, 12, -that is, the wwdth of the busbars. 1l1a, 1l1lc, 12a, 12c,
t hereby further enhancing. shielding effect and preventing el ectronagnetic
coupling between the input and output IDT electrodes 11, 12 thus achieving
an increase in the quantity of out-of-passband attenuatlon Exenpl ary
Enbodi ment 3: Fig. 3(&p rMdt(e§ ddféerusevpindeofurfasardaustic oast i aavwiaee

device in a thigs tﬁl@n@i@ﬂ%}@ﬁ@@ﬂtﬁ%ﬂ&)o@im&@efﬁnﬁ‘éﬁ@tsdr@é@@té ﬂst have
are desi gnate sanme

Structural ele thsé s:}gnhar to ose1_ '%b

ref erence numeral $°&nd & %c,sre’lcﬁf‘ SRRP T 8 i eRY 11gs éﬁﬁeﬁrtrﬂewelszhe
poi nt of differtdcelaftrohe fiogéerdlibcaldt ilebiaed Cd:'eﬂlhéiﬁnp@ff ahdmlo&tbm ngT
exenpl ary. embodiRREo44OTLL Ny SUAIGE, SRS WRHC1L AR 68 G L crtgogond

exenplary enmbodinent l1esin the structure o
11d, . 12b, 1ZdgRTE Hdbi bt é’f’kjr d4e frive rsen ehetsetdoelesthﬂ tr@zinmmwds

t Ee Wi gt h anﬂ latput INT ehectalodes rnude 12 hdigme Sudiddrebi thnal2b 1By18rﬁblhﬁ\.{ﬁgbeen '
t t
changed so a %@%Mp%rea%seﬁyi&}‘}foé@% J(el!: egeéucegsnyoﬁéqugégg ﬁ’gﬁe%vf"@ﬁu ced

uni di rectional . y enp I'S™S rnserti
by reduci ng di Hese 3 F%‘%‘t’: R t HEPuE ptRT &AactﬁﬂdpatllD'ﬂZel ectrodes 11,

12. While inserti on t-ms:se TRYebELdne JUEE thawhBa 1@&&’5@& Q-dle\ﬁﬂ &&nﬂa&%d u$i»trhf hE

acoustic wave e nd exe l,a I'ng '
ei ther one of t k&&‘e %tc’bus dirL w%? %e fgpth[ ro%‘:eé1 ‘i’iempﬂfrﬂ%ﬁbagf Y Bhal
insertion | oss W§H%§WFh@Fe r@d@bediltgutrrakq‘l meptpothID®| dectoeds 11, 12

uni di rect i onal unByifbotisdhay, thcertiibstlogBhayIRCORENEelle@GLo ve BkiASHEEN 13;

14 into plural nd_cann ing themw th a respective cable run
el ectrode 18 aselgﬁ&éde% gil—l re%%’tb agﬁd at. the same tinme connecting

By lelding‘ the first en'd second reflector electrodes 13, 14
'into pluiral units and conneeting_ them with a respective cable run
electrode 18 as shown in Fig. 3(b) and at the same time connecting
the busbars 13b, 140 to respective grounding terminals 13f, 14F, the
quantity of ocut-of-band attenuation is expected to be further
increasable than before division However, it is not desirable
because as the ntmber of division increases, the width of the cable
run electrode 18 has to be made smaller thus resulting in an increase
_ in resistance loss. Consequently, in order to increase the quantity
of out- of-passband attenuation without increasing the resistance
loss, it is preferable that each of the reflectors divided into two
be of approximately the same size. .

Exemplary Embodiment 4: .

Fig. 4 1s a top view of a surface acoustic wave device in a
fourth exexnplary embodiment of the present invention., Structural
elements that are the same as those in Fig. 3 are designated by the

 same reference numerals and desoription will be omitted.

The point of difference of the surface acoustic wave device
of this fourth exemplary embodiment from that of the third exemplary
embodiment lies in the structure of the electrode fingers 13a, l4a
of the first and the second reflector electrodes 13, 14. While the



the busbars 13b, 14c to respective grounding termnals 13f, 14f, the
quantity of out-of-band attenuation is expected to be further increasable
than before division. However, it is not desirable becdd¥eemias2@iHe nunber
of division increases, the width of the cable run electrode 18 has to be
made smaller thus resulting in an increase 13 n resistance | oss.
Consequently, in order to increase the quantity of out-of-passband
attenuation without increasing the resistance loss, it is preferable that
each of the reflectors divided into two be of approximately the sane size.

I Enbodi a.top view of a. surface acoustic wave
(Iié\eirrgeair% a 19 O:.I EIO%Snng‘%‘r?Sejn:’c?odﬁﬁ%ﬁ"terBfO% fBe piaFeefhanendofisal in the
Structural el efbhtéexdimtlagy embbdineane tas fihosend Sedding r&l@&@oﬂ@ﬁc&@@&fﬂ ]E)y

oint o
the same refergpge fuATBLALK, af%r@ﬁsgﬁen%&eg?cmdodﬁgg%t ane b Pffﬁegiépnﬁ%‘?%/

difference of the surface acoustic wave
enbodi ment  f r onPERAAEECSE HiRgerhilea. déempiving didfbrelitmeidtis teeriehytdbenging

structure of ‘t hehelweghi ot bEngarisctden (i%ﬁle&fiohhéz‘ooéééf&%mg{‘gg%?g)dgﬁgﬁnégjer 3
c
reflector electipdes 13. .8 semﬁ& %:gtfge?%hon fe%téc odEf 13y é)?errpl ary - .

13a, 1l4a were of the sane shape an
enmbodi ment, the fi rstBihﬁ’EFjéi@éﬁﬁd’eﬁ-eht%@P@hem#éecbmgchmmiﬁ&ﬂca dfhehe

fourth exenpl ar it eidneebord eréﬂl@&eér by1déstirBfes eiﬁchré)ckff‘n ?.Pg%? 13g,, 14a

h diff thereb n e magni tude o

(?\e:‘ Ingct : one(r:gg{’ ¥id eH%SSbatng ¥ 1r?§| ag“ e%ﬁécip‘?rfcé’t g‘érﬁfdélg‘é@rﬁi‘“ﬁe?fllaé’éﬂ%rﬁn
el ectrodes 13, &mcreeyeagsltgm aganditghe$ aud-ofrepasebhmt tattvnadi@ioact eri sti cs
of the first and se(@ndhéQialyeCE,prgﬁd@gu}oQgén&ﬁ‘% Mol i d |st%y,chgg -

out - of - passband, e n eff|C| ey, Jsre hus enabl i ng _ITiCrease
in the guant ity o0 ﬂ?eé%eucﬁtrgg bEAH ]t4§‘m§’§f3f’gﬁe welohtino fay bewdgrpaaﬁ%nliey
changi ng the vm’EP:‘%‘FSPm%#ﬁiéﬁaﬁﬁ?ir‘!‘garrh%eiié-leetiqm@eamtzi@e:ristiéa 14a, precise
wei ghting may be nadeupersinohe, fnhtise QBQﬂ&tﬂéﬂ&nﬂra%ténﬁroﬁiﬁé{é eﬁ} ggnging '

characteristi C tl‘l: Eie}ﬁ'rrgg efinger pr.:ﬁc;x &Q k%)é%irgl)g hx_ wirgi):?x clvfrr?:lrxle electrode

changi n
g ng fingers 13a, 14a the same, similar effect may be obtained by changing

the phase of the reflected waves. 1In this case too, it is preferable
to gradually cliange the electrode finger pitch.

Exemplary Embediment 5:

Fig,. 5(a} and (b) are top views of a surface acoustlc wave
device -in a fifth exemplary embodiment of the present invent:.on
Structural elements that are the same as those in Fig. 3 are designate_d'
by the same reference numerals and description will be omitted.

In Fig. 5, electrode fingers 13d, 144 having the sa:ile _;vidth
and pitch as electrode fingers 13a, l4a are provided next to the comb
electrodes 13a, 1l4a on the side of input and output IDT eleqtf:jodes
11, 12 with one end being connected to busbaﬁs 13c, 14b. fl‘he comb
electrodes 13d, 14d are made to a length such that. the 'shqrtest
distance between the other ends of the comb electrodes 134, 14d and
the input and ocutput IDT electrodes 11, 12 is not shorter than the
shortest distance between the first and second reflector eleotrodes
13, 14 and the input and output IDT electrodes- 11, 12 in Fig. 3.

By employing this structure, reflector electrodes having
higher reflection efficiency may be formed in a limited space thus
providing a surface acoustic wave device having a filter waveform



the el ectrode finger pitch while keeping the width of the el ectrode
fingers 13a, 14a the sane, simlar effect may be obtained by changing the
phase of the reflected wave's. In this case too, it is plefameb2tdsd to
gradual |y change the el ectrode finger pitch. Exenplary Enbodi nent 5: Fig.
5(a) and (b) are top views of a surface acoustic wave device-in a fifth
exenpl ary enbodi nent of the present invention. Structural elenents that
are the sanme as those in Fig. 3 are designated by the sane
reference-nuneral s and description will be,omtted. In Fig. 5, electrode
fingers 13d, 14 Q iq& the sane wwdth and pitch as electrode fingers 13a,
14a are provi ded next 1o thé&cCoMf %l Raeddes A 34eviem bavite stthnuetionput

and out put | DT ehggaetstdstid WhitR i sheemameandtlbeipagscsdirect ed to busbars
13c, 14b. The conb ekgclyodescind. ~L4dyare nade t l ength such that, the
shortest distance between the ot her enﬁ%ﬁoﬁ[{?}ﬂ%"cg@'elggc??od’&géni:?&, thad
and the input SRS Gl S35 ef dder oY #ad omrpps Mt edpottagiest Han 12hef

shortest di standbebtreeendiseeond k6flebtar e2e00ebdedl 1 £CH PLngliRHLAYES) wich 14
; :

and the input agg.o . e 1, 12 in_Fig: 3. By enploying this
structure, refl ggte‘o‘%ﬂegll%%#rjc%gég&%é\si)fghalﬁihi%%egrtrf’g?I*%BFFB’F\ S0 ing‘ﬁ’e yingy
be forned in a Bi'WMY8rEBade LML theowavdilapoth sfirfuztecacousstic waes aeyi ce
having a filter toausichrends3oene diRet 2804 £ idgdils08%a | 938, 196! ANY Sre RETELY.
a devi ce havi nggii&nuat | QR Shalk geg.i stic vg[};ch i s steep near the pass
band. In the neantine, as shown in Fro BB W PEPEAEIng at the ends on
the side of the input and output 1DT el ectrodes 11, 12 of the first and

second ref | ect oExehsiaiy oglebalmentl4 and in parallel with the electrode
fingers 11d, 12d, elegtrege fingers,13g,. 14g havin a wdth equal to 1/8
of the wavel ength of e@t?rﬁ%aicies gc%ﬁ’sf’ ?%W%ﬁvgsggﬁﬂcet RFFLR Egsdeyricehtn a
el ectrode' fing®t%th gxemnlxgy embpdimant oofe the beesemtneéntad:iodDWaradtural

reflection may b&m&yme%ﬂm%ékﬁﬂm PBHigC: 5 are designated by the
same reference numerals and description will be omitted.
) The p_oint of difference of the sixth exemplary embodiment from
the fifth exemplary embodiment-lies in that eiectrodé fingers.: 13e,
14e are provided in the first and second reflector electréd&s 13,
" 14, , ’

The eléctrode f;‘.ngers 13e, 14e have the same width and bitch
as the electrode fingers 134, 14a and are provided next to the cv':)mb
electrodes 13a, 14a toward the ends of a piezoelectric subst;c'é:i:e 10
with one end being connected to busbars 13b, ldc. Also, the comb
‘electrodes 13e, 1l4e are made to a length such that the sho'r;est
distance between the other end of the comb electrodes 13e, 1lde and
an end of the plezoelectric substrate 10 is not shérter than the
shortest distance between the first and second reflector e.:l.e;ctrodes
13, 14 and an end of the piezoelectric substrate 10 in Fig. 5.

By employing this structure, reflector electrodes having
reflection efficiency higher than that of the first and second
reflector electrodes 13, 14 as shown in Fig. 5 may be formed thus
providing a surface acoustic wave device having a filter wévefom
closer to a rectangle.

In this sixth exemplary embodiment, too, as in the fifth
exemplary embodiment, by providing at the ends of the first and second
reflector electrodes 13, 14 in parallel with the electrode fingers



Fig. 6 is a top view of a surface acoustic wave device in a sixth

exenpl ary enbodi nent of the present invention. Structural elenents that are
the sane as those in Fig.. 5 are designated by the sand leednadreed®d nuneral s
and description will be omtted. The point of difference of the sixth
exenpl ary enbodi nent from the fifth exenplldary enbodinment lies in that

el ectrode fingers. 13e, 1l4e are provided in the first and second refl ector
el ectrodes 13, 14. The electrode fingers 13e, l1l4e have the same wi dth and
pitch as the electrode fingers 13a,' 14a and are provided next to the conb

el ectrodes 13a, ;{4a e i ezoel ectric sybstrate 1Q with
one end bei ng connéé?g\éﬁe{lgcgﬁi%ea?géﬁ%, ﬁléfcﬂ%ﬁg&n% ﬁew%ﬂ:gbeq‘@leﬁcf géﬁe‘?
13e, 14e are nadBe BVaLlPRAG: RE stfachaacoulbis vereesind Ho sthelsbeedizt neethd he

other end of thelssirbael figeesemal3esn,* 19€, 1389 1420 &4 9half9e are to be
pi ezoel ectric substr%t orter than the shortest distance

S eg 10 is n(?t SR i
between the fir S TG e CBWERFRY IREH-EF T BRY JfeBreveRted4 and an end' of
t he piezoelectric substrate 10 in Fig. S. By enploying this structure,

reflector el ectgdes pavidi@aih&ld ecyion efficiency higher than that of the
first and second refl|ector electrodes 13, 14 as shown in Fig. 5 may be
forned thus providi fg% 3udr dckPRr¥das 9% aviird age \Acoashbw iwaye ad¢vilorein a
wav ef Qr'Ln ]E:l ]95 esetemta Tm@aﬂiﬁ embbd]intelinitgos,itxé bx@&@ﬁmhﬁ%’%ﬁ@ﬂggiﬁ]@&tuﬁtﬁoy
as in the fift r ' , providi.n t t ends_of -the -
first and secorr}-ed1 éﬁ?r%?? e‘%ta)cérﬂggg% ;%E%saslglfg Bﬁ?%liﬁgrglaﬁ‘%ldeﬁgﬁﬁaﬁ‘i’eby the
el ectrode fingef¥e3rpgexanser nyggRlss d) degoriptaprotidddee famigéed. 139, 14g
having a width equal mhe pbitQie aifersavelrenstthe QurBbisd ae@u@tqw&ecda@fﬁ
a )

and to which e f the | ectrode fi s 13a, 13b, 13d, 13e, 14a,

14d, 14e are tgg%et%ecgﬁﬁ%%‘feed‘,emﬁgﬁ%teé@’%ﬁi%”&cﬁi"Bﬁ HhytH5e §hRRG ePf etpund-
Exenpl ary Embodiufeabig . mytegialsi 474, t dpbvi eWhidle anshieaccanausikénplaaye
device in a samdbinéxeBb@d- B50AM I ALt O ol BewdH L H2BY 14 0L Ok both

Structural . X
ends in the direction of prope_tgation of surface acoustic waves of

a piézoelectric substrate 10,. sound-abgsorbing materials 17a, 1'ib are
formed in the seventh ‘exemplary embodiment also at the ends -pa'rallel
to the direction of propagation of surface acous-tic waves- of the
piezoelectric substrate 10, that is, between busbars 13b, 146 and
the piezoelectric substrate 10. _ o
By employing this structu:i:e, unwanted reflection at the end
faces of the piezoelectric substrate 10 may be further pfévénted.

Exemplary Embodiment 8:

Fig. 8 and Fig. 9 are top views of a surface acoust,ic wave
device in an eighth exemplary en;bodiment of the pqresent. invention.
While a balanced-balanced type surface acoustic wave device was used
i_n the first to seventh exemplary embodiments, the surface acoustic
wave device in the eighth exemi).].ary embodiment 1s of unbalanced-
balanced type or unbalanced-unbalanced type, where one of busbars
lla, 1lc, 12a, 12c on either the input side or the output éide, or
on the input and output sides are connected to grounding terminals
15¢, léc.

In the case of an unbalanced type, by connécting busbars 1llc,
12a on the opposing sides of the input and output IDT electrodes 11,
12 to the grounding terminals 15c¢, 16c in this way, shielding effect



el ements that are the sane as those in Fig. 2 are designated by the sane
reference nunerals, and description will be omtted. The point of
difference fromthe surface acoustic wave device of thézeadrd2@denpl ary
enbodinent lies in the shape of. sound- absorbing materials 17a, 17b. Wiile
in the second exenpl ary enbodi nent sound- alésor bi ng materials were provided
only at both ends in the direction of propagation of surface acoustic
waves of a piezoelectric substrate 10,. sound-absorbing materials 17a, 17b
are fornmed in the seventh exenplary enbodi nent al so at the ends parallm

to the directio agat i surface a OUStIC waves-of th

pi ezoel ectric Serb%Fr at & QCR npu aefan QULRty g%']é BobRdes dsn 121may Bﬁ&“hﬁﬁé“—d
pi ezoel ectric s@psdt g @IQG)trOBytgema)you@Imbi ise tsdeed Cthy dnput et em;put IDT
reflection at t r("3@.@@{?')530tiie,fs"’lfleS15.Dfmalgrm‘:'e Bf&zeg%legcfj_;hhg pé:ggi%{r%t § 1109 uapgﬁty

further prevented. Exe ry Enbodi
views of a surf&e%kt P?‘%“'Rﬁ&@eﬁtWP*&@q ‘n an ei ghth exerrpl ary enbodl ment

of the present. invenaieimoughWiet estwhal ameeduﬁabaagg ids/ R HHef 86ge agoUSti C
ar

wave device was ,ysethad.- gnﬁﬁe‘;m |e&s Yto seventh exenplary enbodi ments, the
surface acoustic wave device rn the ei ghth exenpl ary enbodi nent is. of
unbal anced- bal anced type or unbal anced-unbal anced type, where one of

busbars |1la, 1kgemdiZay ﬁrasbme@ithgr the i nput side or the output side, or

on the input and outpuf g es ar caonnect.ed to round| n% termnals 150,
16c. In the case of af lnbal¥ °r[’ yper B §6C5Hﬁ 399 AGOBTEIFavave devics Jin on

t he opposing si 8edingh ?Wpﬂﬁﬁmemaﬁ@ﬂr@mtmﬁ th@brelbent dogestikh. 2 ubeutdre
groundi ng term eadmentECthakbard ALt NHameWaY thoss Rhetid.ng £f @&éignﬁt@%?na?é

2004 16 bet ween &pg :'e@BHé cae”du:(.?éjxt gt?\%‘g ghg ﬁﬁﬁ%ﬁf@%b@umﬁg be enhanc”ed

and the el ectromagnetlc coup
el ectrodes 11, 12 mayigde priévé?hpe(fecPh@lsemmlmngmammege eplspane«vtt:gon ad£

out - of - passbandoppdsAngatis®drs 1la, 12c with the input and output terminals 15b,
1l6a was performed with a single.cable run electrode, in the ninth
éxemplary embodiment, both ends ;;f the busbars 1la, 12c and the input
and output terminals 15, 16 are ‘cbnnected with 4 respec{:ive -caﬁle ’
m eieptrode. .

By connecting the busbars 1la, 1_25 and the input and output
terminals 15b, 16a with plural paths in this way, the 'resistance ‘loss’
in the busbars 1la, 12c may be reduced, and the insertion’ loss may
be reduced. ) .

Also, by using plural ceib;i.e run electrodes in connectiﬁg the
busbars 1llc, 12a to the input and output terminals 15a, 1éb; too,
the resistance loss in the busﬁa;r:s llc, 12a may be reduced, and the
insertion loss may be reduced. ‘ |

Exemplary Embodiment 10:

Fig. 11 is a top view of a surface acoustic wave device in
a tenth exemplary embodiment of the present invention.

In this surface acoustic vr;fave device, input and output IDT
-electrodes 21, 22 are formed on a piezoelectric substrafe 20 in
parallel with the direction of propagation of surface acoustic waves
in a manner such that they overlap on one of their ends.

The input IDT electrode 21 is made by interdigitating a
plurality of positive electrode side electrode £ingers 21b connected



Al t hough not shown, same thing applies to the case of a _ _

bal anced- unbal anced type. Exenplary Enbodinent 9: Fig. 10 is a. top view of
a surface acoustic wave device in a ninth exenplary enBd¥censrt2¢f t he
present invention. Structural elements that are the sane as those in Fig.
2 are designated by the sane reference nun¥rals and description will be
omtted. Wiile in the second exenpl ary enbodi nent connection of opposing
busbars Ila, 12c with the input and output termnals 15b, 16a was
performed with a single cable run electrode, in the-ninth exenplary

enbodi nent, both_e t S ool nd.t he i npu and qut put
termnals 15, 120ai?go%csgéﬁeig%egﬂw%ﬁligﬂréigﬁeé%c\%goga ge g‘b‘#} “ePetiA'dds. OBy
connecting the BaSHeVe plactrede sidd alketrefeufingedsotitdponneceeditoad Sudbdr

16a with plural 2patés tme thigatdRy, eidibasi si@Nbenkoss c?férghucf:tgg. % Q@L?%y

lla, 12c may be duced, ,and e, insertjon_| oss na be SO,
us?ng pl uraly cal%%é“.lrnl?ﬁsefg%t ?%g‘e NYORIR Hife PFRY R ﬁia' isbars |1c, 12a to
the input and output The utaht 1BR elet6bode ¢4, ist hade dyi ShascEidiessidd 4 he
busbars | e, 12p1i 188 egrbiaedve aldotifte d1RSSNLELIAOEMIIY N6 Jaduced, |

Enbodpnent 10: Fig. 11 is a top viewo sur e acous
dEéifr‘éLaf% gb LRt é’%@ﬁ?ﬁ%@ SN RRFHEISP ¢hRetprde dride sndent Poraliby tdf s
surface acoustigeg@bizedeieictepds spae edndtmdeptingebd 22a| @ine6tes tdh bashar €
formed on a pi ezmel &LtuHeC nSyREIVAlS 02Prddd sRALAI L W %QPﬁé‘c{%eg' égc%)\'}%‘qtgf
propagati on of Eurfacg acoustic waves In a manner such at” they OV p
on one of their SRdRMEFHEAngEP T5PUEh fder Baebars 23angde- by | nterdi‘gitating
a plurality of positHagh elfectheodelsittedel ethgarde figens, 2apgonnactnd 3

iy o et iR e SREELLANGD il e,
Bug[):rl y o oig%ke wavelength of surface acoustic waves, and disposed at the
_same pitch. Both the input and the output IDT electrodes 21, 22 are
gplit electrodes having a str_uc1_:u1_:e to pi:'event ihternal reflection.
Furthermore, first and third.reflector electrodes 23, 25 are
provided on both sides of the input IDT electrode 21 in the diréction
of propagation of surface acoustic waves at a predetermined diéi:ance
from the input IDT electrode Zi, and second and fourth reflector
electrodes‘24, 26 are provided on both sides of the output IDT
eléctrode 22 in the direction of propagation of surface acoustic waves
at a predétermined distance frdm the output IDT electrode 22.
Furthermore, electrode fingers 23a, 24a, 25a, 26a of the-
reflector electrodes are inclined in a manner such that_the angle
formed by a plane perpendicular to the direction of propagation of
surface acoustic waves of the input and cutput fDT electrodes 21,
22 and the electrode fingers 23a, 24a, 25a, 26a is equal to or smallerA
than 25 . The first to the fourth reflector electrodes 23, 24, 25,
26 are made by respectively disposing the electrode fingers 23a, 24a,
25a, 26a having approximately the same width and length at the same
pitch, and the reflection coefficient is approximately unity.
Consequently, the external configuration of the first to the fourth
reflectorélectrodesz3,24,25,26areroughlya;mrallelogrmn“ Also
the widths of the first to the fourth reflector electrodes 23, 24,
25, 26 in the direction perpendicular to the direction of propagation

r

of surface acoustic waves are equal to or greater than the widths



21c on the negative electrode side, and is connected to input termnals
28a, 28b-through the busbars 21a, 21c. The output |DT el ectrode 22 is nade
by interdigitating a plurality of positive el ectrode sPdEcarhes2tde
fingers 22b connected to a busbar 22a on t@e positive el ectrode side and a
plurality of negative el ectrode side electrode fingers 22d connected to.a
busbar 22c on the negative electrode side, and is connected to out put
termnals 29a, 29b through the busbars 22a, 22c. Each of the el ectrode
fingers 21.b, 21d, 22b, 22d has approximtely the sanme length,- a width
approxi mat el y eﬁﬁaﬁhet-'@lpll/‘:@ndoﬁuitm I/lm/el@tgbheefzmmj aﬁ&hacﬁrt@tdicre%y%,
and di sposed at the saMBuPitetRor8othe ;Ltﬂ%u{:%ldtm?@ g%) o 22,

s ctufe® PEJ@nt

el ectrodes 21, 22 e it el ectrode avin
internal refl ecf“f‘%%ﬁ‘ F’Eﬁlfgﬁe?%}l‘é fOPFF%treﬁh%P‘t% Pheqfebﬂeet%r. H,eesr Qdeard3,

25 are provi dedomedbohha gideseDictirie switrat&RElRCHHOAG 041 Tkt @%‘Ltl%fy

direction of p;: of surface acoustic waves at a predeterm ne
distance fromt I'DT el ectrode- 21, and second and fourth reflector
el ectrodes 24, 26 ar éﬁﬁﬂoﬁﬂ Gé@@icmaélwe@mﬁeﬂhm obi¢ fupud DDT edleeetsdsie

22 in the di I‘ECtl oF af s;&ﬁﬁ@:@?ﬁéét@%ﬁ@f ?%D?aglf%%?%ﬁhbc é Zsf’tr;r'%cture,
d d ce fromthe outpu
Pl eotrote {1 ngor EBNE SRS NE R BE nlopaGaced sol B A Ses thina

Inclined in a nesfilectenctiecheddeshas ara;l ereflected By thepiane ped peedisular -d
to the di rectnc&a@w&ema&msmis Szlsrfé'&@p%ggy§ e £8v aSéio}*aeaggp Yo 20

out put | DT el eciro and the electro | ngers

is equal to or SHHI eFeg}??a?ﬁnglecEﬁ?éieF i 74t 2% t HubEggReHtLyef thet surface
el ectrodes 23; ZWuspHc waRés areElouatisl lfyr riﬂmpﬁ@ddn\dEi:.’ymdilb§pﬂ'§d Becérmeaﬁheiﬁief ode

fingers 23a. 2dgureRiRr1808:a) éeoaegrz%'{efagﬁé rbBad A ek ?;t{ﬁ?” th

at the sane itch, and the reflection coe ICI
Consequent | y, p HEERP % 2 ﬁl’ Tshirkenr Lutors én Ph%"?lliﬁsﬁiwlt fizor chhrat éntput

reflector el ectmesa&azsaA 2925, WBataie, ruhegblbfa@fapaé&lét&boﬁe[ﬁéﬁ takeb"t%% 26
the widths of t ? urt 0 e 0 .

in the directi ()Ilr?%téé e d’%c&%gr@lérg f[lhzg ggé | oJf;]e SF '1538 %‘?ﬂ’ﬁ" A 21of fs‘d’FFace
acoustic waves SFEeERRaplerofe Weat%POPﬁaﬁf%%qm gi¢ntrode 24  output IDT

electrode 22, and a reversed %- ~shaped route of input IDT electro_de
21 third reflector electrode‘_zs fourt_h reflector elec_tfode 26
. output IDT electrode 22. Conséciuently, as bi-~directional surface
acoustic waves that propagate in the input IDT eleéctrode 21 can be
efficiently propagated to the output IDT electrode 22, insertion loss
may be further reduced when compared with the surface acoustic wave
device described in the first exemplary embodiment
Yet furthermore, the busbar 23c of the first reflector
electrode 23 and the busbar 25¢ of the third reflector electrode 25,
and the busbar 24b of the second reflector electrode 24 and the busbar
26b of the fourth reflector electrode 26 are electrically connected
wilth respective cable run electrodes 30a, 30b, and the busbars 23b,
24¢, 25b, 26¢ are grounded to grounding terminals 234, 244, 25d, 26d.
These cable run electrodes 30a, 30b are provided between the input
" and output IDT electrodes 21, 22 on the piezoelectric substrate 20.
Additionally, the cable run electrodes 30a, 30b are formed in a manner
such that they have a width greater than the widest portion, i.e.,
the busbars 21a, 21c, 22a, 22c¢ of the input and output IDT electrodes
21, 22, thereby further enhancing shielding effect hence preventing



3 Decenber 2004 18 of the input and output |IDT electrodes 21, 22 in the
sane direction. Yet furthernore, the input and output |IDT electrodes ' 21
, 22, and the first to the fourth reflector el ectrodes 2Becédber ZB4 26 are
formed on a piezoelectric substrate 20 at positions that satisfy Equation
(2). When an electric signal is applied to tshe input IDT electrode 21 of a
surface acoustic wave device having the above structure, surface acoustic
waves ‘are propagated to the first and the third reflector electrodes 23,
25, reflected by the first and the third reflector electrodes 23, 25, and

propagated to t cond and the . fourth reflector el ectrodes 24, 26.
Subsequent |y, t%geéﬁrf ETo/ %cco%%‘{ql&ng\aé%%wereélf I%g‘ﬁt &8P or IiThernde o9hEUE | ARThy

the second and thectiwigst Alr 62 eofioinwmicesinndbs @dantdGyase curoppgrisedaha
the output |IDT ekegidiqdg. 22, and taken out as".an electric signal fromthe
output termnals 29a, 29b. That is, the surface acoustic waves take two
routes of propagati ontRePIR ERe st (i ithe FourET TeFdesiardelodtodest23. 24,
refl ector el ect R6d@s2Bmyseconthaceblaotttie @loastiimnieeddnaus pilth hFinges eablraede
22, and a rever rqQut ' ' T el.ect 21 third. .
reflector el ect ?gge%%%?gﬁgf hﬂfggﬁg%t%é]%é}tg% raoglei%%GE%%%'ﬁ)i&f‘gl eé’l%efffr?)ﬁe
22. Consequent | Prefgrabile dio eennesiaihestirsdcref lgebem i ectingde 23t 4nd the ¢haydt e

in the input | Dfeﬁiﬁﬁi)ﬁ:‘wlﬁéc&i’coﬁQQSb@m veth is&h&ﬂ'folfyttw Qﬁ)@gﬁtﬁﬂ eli8ct 0t put ]
| DT el ectrode 2 [ I s Q33 fL redu en.co red wt
the surface acoég‘tii gr?%/a_!\;'/ﬁei%dew cgcgpg'?s/céril%ﬁgég‘g%en%iheﬂgﬁ r%g‘f’ g%'é’?rw dr H65tor
enmbodi nent . Yet e1eF%I98LnBF eon thedhhaidry of3&hefoutmutf IPBtelecttedst @2, with

el ectrode 23 andespe:thuehedpazabe ddaviBerimhicldctRidbeciny, b Gls @escrdPea AR

t he busbar 24b t e reflectar electrode 24 and the busbar 26b of
the fourth refl g{é? o%ﬁgﬁe%’?%&g%ﬁ@rogug __rétdt.ri cally connected with .

respective cabl e run ¥l etddgden. 384, 180prefarablne thusbaaentedy, ground b,
26c are groundegréundghgundinigaleesanaba, 2ad, thidgroutating 28eninalikesan,Cak

run electrodes 30a, 34h ape DL ded-ReLUEEn, LSLIRYULA with the input ana
the cutput IDT electrodes 21, 22 in between are of the same structure.
- Namely, the first reflector electrode 23 and the third réfl'ector
electrode 25 are of the same structure, and the second réfl,ector
electrode 24 and the fourth reflector electrode 26 are of the same
’ strudture. Also, as shown in the fourth exemplary embodimenf, by -
making .the first reflector ele_aéti:ode 23 and lthe'second r,éflector
electrode 24 different in structure such as by changing width of at
least some of the electrode fingers 23a, 24a as shown in the fourth
exemplary embodiment, it is possible to assign weighting to the
reflection characteristic of t_fm reflector electrodes a.s shown in
the fourth exemplary embodiment, make the out-of -p'assband reflection
efficiency small, and increase the quantity of out-of-passband
attenuation. .
Same thing as said in the above described fifth to the ninth
exemplary embodiments may be said on the surface acoustic wave device
" of the tenth exemplary embodiment. Namely, by providing electrode
fingexrs having the same pitch, width, and angle of inclination as
the electrode fingexrs 23a, 24a, 25a, 26a of the first to the fourth
reflector electrodes 23, 24, 25, 26 but shorter in length at the ends
of the first to the fourth reflector electrodes 23, 24, 25, 26 toward
the input and output IDT electrodes 21, 22 as described in the fifth



nd output |DT electrodes 21, 22 on the piezoelectric substrate 20.
2dgitiolr[1)al ly, the cable run electrodes 30a, 30b are forgepg wqg@rg&nne:}

such that they have a width greater than the w dest por Fmger V8t e22
busbars 21a, 21c, 22a, 22c of the input and output IDT el ectrodes 21, 2064
thereby further enhancing shielding effect #tence preventing 3 Decenber

19 el ectromagneti c coupling between the input |DT and output |DT

el ectrodes 21, 22 and increasing the quantity of out-of-passband
attenuation. Though the first to the fourth reflector electrodes 23, 24,

be cg oyndi-ng ternmnals with a single cable run
g?éc??oggy in o%gglrﬁﬁ%%%o%?ofitdgﬁg%ﬁ éhn&slﬁlgglwéf"ﬁ Ot PLRRC itP 3 Sectanglermyl ket o
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out put | DT el ect ¢ o%gr s %\?‘t 4 ARsBRELied Sepicardeetinde Fangetseetiodesd
30a, 30b as desé€ilp@erpdentindesstieving ex euptianypesiedicaplequbl @A) 4 b@Nnd t

i Lng.t.erm nal s_23d, 25d, and
the” o7 oundi ng ¢ ool s sty oy cooe e SRRl LBInEL G e 5 ayechredi dea
with the input g%xageﬁ?e Bt pid- PH 240 Sepriibe cppnechat nuireintedrceflectfort he

[ d the third
sanme structure. maidreebyevdntedti rst refl ector eI_ectrode 23 an ' ‘
reflector electrode Riabmale, ! BenBANP SELUOLILE A0 LI sqcond ref] ector
el ectrode 24 and,the fourth reflector el ectrode 26 8. S ‘ _
structure. Al soS™%s3LSlGFtrRIe Hangsns o th @ipparat dhbotiirsénte thy fomkiing

the first refl etefrecépbreiecthrd2s zsndz:t,hg,sgegtadaf@ghggmrtheeﬂ,%ggggt 4
different in stsuitunge SHGH S sﬂé{w&mlﬂﬂé E&&Q&{Wt%gﬁqﬁﬁgﬁggﬁg hiet
el ectrode fingers 23a, 24a as_shown 1 n the four ] ar !
i s possible to EFgn PREFheF FRF LAY b obaimedcy Brovitdnactiect sode £ iigeriae

reflector el ecterodeshasigelown in the fourth exenplary enbodi ment,. make the
out -of -passband refihegld Qﬂévg%ﬁégiﬂﬁyt&%l Lxen@d,-L NGNS eeﬁth,%ﬂi%r&tg'ht y
of OUt'Of_passggggd-absorbiqg materials 27a, 27b are formed at the ends of the
pilezoelectric substrate 20 in the direction of propagation of surface ’
acoustic waves of the input and output IDT electrodes 21, 22, unwanted
. reflection at the end faces of the plezoelectric substrate éo may
be—further:prevgnted by also fbrming at the ends pdrallé;'to the
. direction of propagation of surface acoustici-wa§es of the
piezoelectric substrate 20. ’ '
Also, while the above-deséribed.surface acoustic wave device
-1s of a balanced-balanced type, in the case of an unbalanced-balénced,
unbalanced-unbalanced, or balanced-unbalanceq type, .it is
Preferable to connect the opposing busbars 21c, 22a of the input and
output IDT.electrodes 21, 22 to the grounding terminals.
| Furthermore, though the connection between the opposing
busbars 21c, 22a of the input and output IDT electrodes 2Y, 22 and
the input and output terminals 28b, 2%a is done with a single cable
run electrode, by connecting the busbars 21c, 22a and the input and
output terminals 28b, 29a with plural cable‘ run electrodes,
resistance loss in the busbars 21c, 22a may be reduced, thus lowering
insertion loss,

Exemplary Embodiment 11:



attenuation. Sane thing as said in the above described fifth to the ninth
exenpl ary embodi nents may be said on the surface acoustic wave (Zje\élll ce of
the tenth exenpl ary enbodi ment. Nanely, by providing el édiewher 24d4nger s
havi ng the sanme pitch, width, and angle of inclination as the el ectrode
fingers 23a, 24a, 25a, 26a of the first to tfie fourth reflector electrodes
23, 24, 25,, 26 but shorter in length at the ends of the first to the
fourth reflector el ectrodes 23, 24, 25, 26 toward the input and output |DT
el ectrodes 21, 22 as described in the fifth 3 December 2004 20 exenpl ary

[ Al so,
embodi nent, a filter veformclose to a rectangle may be obtained.
by providing at the e\r,1\E1 03 2tHe & tPR{vieY Phe PyEfete acels st vrveldsticedes

23, 24, 25, 26 tewagkkvehehiexeapland.emboddnt lg)ﬂ'the,l ggggfeqﬁeg?ge]ﬂﬁé\g“gnl n

allel to the electr n el ectrode fi
\?\natrjt h approxi mat e %gﬁthﬁk %%rg% o% %Ousgw W@Iv«?n‘%j HO5t AR aéﬁda‘t}’d‘ﬁélFl%DT
waves to which eﬁ{'j% defethl AR rag@e Provivtpdr on238bpi@aledthic Mo saretd o4de |

connect ed, unwanpachlleflecthe rﬂlrﬁaiz’:.é}ﬁ‘ oBieAL £ onF b %ﬂg#%@% ?govgénﬂftc:]\gé%esd os

mlar electro
g;fte(r:\te ;nla)r/s?et gb%?deﬁiourﬁﬁglt g‘é‘f}f *élé?qbvhseé(%v@trmﬁgéﬂﬁéfiﬁﬁhri Leckgredaatxpdmds
of the piezoel ect?ii® bstipsm.ate 20 as was shown in the si xth exenpl ary
enbodi nent. Needl ess Th'&aoiﬁgut @ﬁtéirec@j:,g@&tﬂnvi %dgb{’% ?%je{rt&)iggéow din

electrode fin er sides. I n the above descri bée .
enbodi ment , algt uug"""ﬁgig%u?ﬁj e&ﬁ?'df?)‘?"ngﬁr‘?ﬁf”é? i 44% op7 &he oside qafe ther Beﬂiiatvet he
ends of the pi eXFsitseds iconpedisd 4o & BOshar the odi tiec bbontBfe PIIAPAbI GOl

surface  acoustdmi wamagavity b elleeisﬁod%nﬁix@'é!i:? U gl Je?]Ttﬁ‘é &Gk %@gé* Zéi%a%%br

ted reflec t he _en of the piezoelectric su
ggm?zrt her - preveélt %51‘%‘5‘* chge?ig?‘{n g aP“’f"f‘?E &Fr‘)uﬂsmbd?hﬁl Féfe tof tthe newatdye on
of propagation (ﬁlec;*;E‘P(i‘arcé:h&e‘ebnetb@ngawesnaﬁtetdheo RiyeFo ed e el fid Te SrL#%xSt 4@
20. Al so, whil e dHieughaR- gﬁmﬁsbgga,s%tzgce acoustic wave device

The output IDT electrode 42 is made by interdigitating a
pluralit;'y of electrode fingers:42b on the side of the bo,sitive
electrode connected to-a busbar ‘42a on the positive electrdde side
and a plurality of electrode fiﬁgérs 424 on the side of the negative
electrode connected to a busbar 42c on the side of the negative
electrode,’ thereby being connected to input terminals 50a, 50b
through the busbars 42a,’ 420. o _

Each of the electrode fingers 41b, 414, 42b, 424 has
approximately the same length with a width approximately egqual to
1/8 of the wavelength of the: surface acoustic waves and disposed
at the same pitch, and both the :mput and output IDT electrodes 41,
42 are split electrodes with a structure to prevent internal
reflection. .

First and third reflectpr- electrodes 43, 45 are provided on
both sides of the input IDT electrode 41 in the direction of
propagation of the surface acoustic waves at a predetermined distance
from the ihput IDT electrode 41. Second and fourth reflector
electrodes 44, 46 are provided on both sides of the output IDT
electrode 42 in the direction of propagation of the surface acoustic
waves of the output IDT electrode 42 at a predetermined distance from
the output IDT electrode 42. In addition, electrode fingers 43a,
44a, 45a, 46a are inclined in a manner such that the angle formed



I's of a bal anced-bal anced type, in the case of an unbal anced- bal anced,

unbal anced- unbal anced, or bal anced-unbal anced type, it %§E¥%a§$$%ﬁble to
connect the opposing busbars 21c, 22a of the input and o

el ectrodes 21, 22 to the grounding ternminals. Furthernore, thoug e t

connection between the opposing busbars 2182 22a of the input and outgu

| DT el ectrodes 21, 22 and the input and output term nals 28b, 29a |; ong
with a single cable run electrode, by connecting the busbars 2lo, 2 adan
the input and output termnals 28b, 29a with plural cable run el ectrodes,

resi stance | 0ss inatiianbyshiatso2dRar 220 cHEY, e L, %%“C%Sat&}%%#g‘g’%rl!?“q ce

I la Enmbaodi nent : Dece
![(r;Fs)e\r/;t Ie\(/)vnof OaissuElrf-:)f%ace ac‘%ﬁ%‘fl %@W%O?Wﬂawfépévmoheemmaaw the

enbodi nent of t HEegteednEinigprentdanonida, ad)i S6a5u8 Egﬁ& @5%%“}32%%%\‘:@3??.\5?6

t put 1P
ISEBEE r:?g 23 pgaﬁalglal o Q?gcﬁiﬁgggﬁg%? ifgﬁro QP%‘?O“@&? tBPd%ﬁinf’aéé atoudi c
waves and in a el Enge‘r by dipresing FaseycbiMe ¢lartmots fanfefs Wia cibecups, 46a

el ectrode 47 i havéngvepprod@ivetenpthe lsihe Q)ideh @] thsa ”ﬁqﬁgg}s@ itch ang

o Bl g oo B Lt LB 0 BB S A S ) doa. o6,

| ectrQde connecte
g??et ! \ellﬁd eaegl &ﬁﬁﬁ ty R Jfedderbim f icngBficient omst hepicstemateIyne vageRl | ve

el ectrode conne€reseduenalpusiner oddsr @anzlt@u%:&!@n nggltghg t ltg eelggnglt éode
t terjinals a

da arc The oopperEd dilokiids 4L 08 el ’B%Fgfhﬁ%’é‘rpéffail%fg&qgﬁgma Also,

plurality of el EEFr“H&é hsjafyehe Lippt die th@ fogth gleflbetqrosiddttedes| oGt fpde

connected to, a WbsHaiih dkadiectiien poshdray Bufd26s tRIS: SLAE ondl,3 lﬁ {é%{.ﬂégy
o ofcctr o 1 %5 2400 Ly gl LBt 1o 8 ST 8 EBTAELT

2c.on the sid
Lgnﬂ.egtjzga{’ 04| nf)%lt hﬁ&qﬂer@@cgw of(ihe input and-output IDT electrodes 41, 42.

Also, the input and output IDT electrodes 41, 42, and the first
to the fourth reflector electrodes 43, 44, 45, 46 are formed on the
piezoelectr:.c substrate 40 at posit:.ons that satisfy Equatlon {2).

A £ifth reflector electrode 47 provided between the input and
output IDT electrodes 41, 42 has a plurality of electrode fingers
47a having the 'same shape with each of their ends respectively
electrically connected to busbars 47b, 47c and the electrode f:i.ngers
41b, 414, 42b, 42d of the input and output IDT electrodes 41, 42 are
provided in parallel with the electrode fingers 47a. As a result
the external configuration of the fifth refl ector electrode 47 is
a rectangle. In addition, the 1ength in the direction of propagation
of surface acoustic waves of the fifth reflector electrode 47 is made
egqual to or greater than the length in the same direction of the input
and output IDT electrodes 41, 42.  The electrode fingers 47a on both
sides closest to the ends of the piezoelectric substrate 40 in the
direction of propagation of surface acoustic waves of the input and
output IDT electrodes 41, 42 are respectively ele‘ctrically connected
to grounding terminals 47d. As a result, the fifth reflector
electrode 47 works also as a shielding electrode thereby ’pre{renting
electromagnetic coupling between the input and output IDT electrodes
41, 42,

In a surface acoustic wave device of the above structure, when



t hrough the busbars 42a,'42c. Each of the electrode fingers 41b; 41d, 42b,
42d has approximately the sane length with a width apprOX|natea¥ equal to
1/ 8 of the wavel ength of the surface acoustic waves and-?despasedlO4at the
sanme pitch, and both the input and output |DT electrodes 41, 42 are split
el ectrodes with '"a structure to prevent intésnal reflection. First and
third reflector el ectrodes 43, 45 are provided on both sides of the input
| DT electrode 41 in the direction of propagation of the surface acoustic
waves at a predeternined distance fromthe input IDT el ectrode 41. Second

and fourth refl egt gﬁ_ec]_ehﬁpgi%ﬂaq ééwingﬂ@t&{% row deqc[ %gﬁgﬁ;aqﬁﬁ%gézﬂgécéie

out put I DT el ectrode ' rection of
acoustic waves UTRPRE Bt orRue|tesnivils 4Qaat5Qé;> phededte raniyn efle difs trRce

from the outputfdiDbwehegirbpdgatddn téutaddi tion, electrode fingers 43a,
44a, 45a, 46a are. |ncI|ne hat the angle fornmed 3

Decenber 2004 22 by a pirané'sggﬁﬁ‘é‘ﬁHP?ETﬁge?tbtqdﬁé‘ Tdi F&%34 of Lectpr epagfroden
of surface acousti ccesapésredflectny ehpettrodn di 4o utquitbu EBDTed RRIEOEE % 24dou 142

and the el ectr aiRohlinNGetse , 6311 Sy | | er._t
25 . Each of the first Jté :lﬁgm% gﬁ?tehl%rég? éeécta or & feyﬁké ec(% rf? trode Q%G
i s made by di sposf t?‘ 38??%9%?“'@6911%68 fqugat §Dﬂ§ée‘v‘me %aoubﬂaﬁd:hird

havi ng appr oxi ndisethe tthpuisaima edidtivaend | efigish RE1bBEoS BlBctidac ANt rep
connecting to e%@lé@&&e%%ééﬁogé%ndlﬂg tl?rrgk?altsor eaﬂ{c rog%&ﬁse(?&&ﬁ?* DTy he

Al so, the refle[%ﬁlon coefficient 1's approxi
outer conf i gur a6t H19% A2 *PRFet 2pd fPHéﬂf darithe ilrmlftl it eteatimoderddesthd3d

4ﬁ ?5 4ﬁ | sf Ircmghéqto& meatic&ieogrsam £AESI0, re 1B Y @1@31:9&1% hey firsdooh8
the fourth re tr irection_ -

per pendi cul ar t%g%ﬁé Iﬁrreéeictcgg§§%?§ gagtﬂiggr?ie#frﬁ‘? A ETY e etokaddag ifour
waves are -equaPTPRAGILigRerawhest han the widths in the sane direction of
the input and out put AéBoraliggty 0das - Ak-adReclons tga@_-fw@utalc%ﬁgtfyt %ggg bt

2'46(32%0(122 ;"E'e or %cllt heﬁ]txrl*oru%sm t}le .;Lrprutf OIUDEI't gltragt]:rl'o%cet %Fl g.reeacgégfoeiently
' propagated to the output IDT electrode 42, insertion loss may be
‘further reduced when compared with the surface acoustic wave device
described in the first exemplary embodiment. .
Also, the reflector electrodes provided with the J.nput and
output IDT electrodes 41, 42in between have the same structure That
is, the first reflector electrode 43 and the third reflector electrode
45 have the same structure, and the second reflector electrode 44 |
.and the fourth reflector electrode 46 have the same structure. Also,
by making the structure of the first reflector electrode 43 different
from that of the second refleotor electrode 44 by changing, for
example, the width of at least some of the electrode fingers 43a,
44a as in the fourth exemplary embodiment, welghting may be eésigned
to the reflection characteristic of the reflector electrodes thus
reducing out-of-passband reflection efficiency and increasing the
quantity of out-of-passband attenuation.

' Same thing as said in the above described £ifth to the tenth
exemplary embodiments may be said on the surface acoustic wave device
of the eleventh exemplary embodiment.

Namely, by providing electrode fingers having the same pitch,
width, and angle of inclination as the electrode fingers 43a, 44a,
45a, 46a of the first to the fourth reflector electrodes 43, 44, 45,



[ iti [ [ 2). Afifth
i ezoel ectric substrate 40 at positions that satisfy quatlon (
Peflector el ectrode 47 provided between the input and 3X$é§ﬁ%95ﬁ% e
el ectrodes 41, 42 has a plurality of electrode fingers - i e i te
‘sane shape with each of their ends respectively electrica 4¥dCOP ect
busbars 47b, 47c, and the electrode fingers?2441b, 41d, 42b, 4 lo\M_th e
i nput and output EDT electrodes 41, 42 are provided in paralle wh
el ectrode fingers 47a. As a result, the external conf!gurathonlo the
fifth reflector electrode 47 is "a rectangle. In addition, the eng

f s.of the fi
rofl ector ol oot I”“""Z?a mﬂnéé%“?g &C‘?Beagfaiﬁéﬁ%%f 65 4o vh 858 GhsPHE 1 e
sanme direction o e ?%Splf hfotho firEbrosFhe thovatk maf,ledﬁor eldtierodes

el ectrode fi nger@mla ofp hathas siedesivdd9ASthd Eikhe Bodi ents a
pi ezoel ectric sulglrhal G skt Qre gevrr S5l onlé}%feéprO a agéggwazgsea%o a
acoustic waves of the input an 1= v) o tf

respectively el d&CFRRES Sﬂazda?n@&aeeedt oAbsountintigrt effechahsy #d bbthSndd by

result, the fif torowefiestoniiae @récrtesl@e $1ny:Ksh @, %133 F\?&B’@%f% toshe

el ectrode there V, n elec magnet | I C cou |ng
and output |DT gf?éeg%lr?olees cg'ir el?‘f ezf Sdr f 4te 4§eo&§t?WaNQvendmd @E the

the above. struc®dpPeoelfesnis Bewmbtae 2004 2&saBheIneChr i theSisgRah é Eg%t ed

to the input ternbodinend9a, Né'éélesbttor%’fh%% 8Ly L& QU1 pUL Flit;eegqmqagng@leby

hr ough an f the foll pro atlonroute
Fggu: IrDTgeI ec%/Pode lrg*latref’f %Fle Fédfé’l bagh sxigend ref | ect or

el ectrode 44 output 1BY tfeﬂlﬂ abeveodigscdZbedal @lenth @RS dry dridSatdil, d10l oy

el ectrode- 41 tbbﬁ:ﬁh-raefsbﬂ@ixﬂ mﬁk&?ﬁa&gdlﬁasfffﬁfgﬂfﬁ htfro ef L gct g%{lgo%gszgéf T—‘%;ét
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el ectrode 46 ouffRRSHipFaves eftthedapi? andwiieputB N éwﬁzl&db§ 4 lhfiz't 'ﬁﬂg%n 4%'_

el ectrode 41 t hiefilectebh et @he %ﬁckéé&‘leg#% d %{L%%J f‘alggcr % 5pks e:%%{egr;p TPF our
second reflectgf f%!r%ﬁe{* Opdr%véétg&J 1:I'JF}}UEJ. iso forming at the ends parallel to the

direction of propagation of ' surface acoustic waves of the
priezoelectric substrate 40.

Also, while the above- described surface acoustic wave device '

is of a balanced-balanced type, in the case of an unbalanced-balanced,
‘unbalanced-unbalanced, or balanced—unbalanced type. - it is
preferable to connect the opposing busbars 41¢, 42a of the input and
output IDT electrodes 41, 42 to the grounding terminals.
' Furthermoxre, though the connection between the busbarsg 4la,
41lc, 42a, 42c of the input and ~output IDT electrodes 41, 42 and the
input and output terminals- 49a 49b, 50a, 50b is done with a single
cable run electrode, by connecting the busbars 4la, 41c, 42a, 42c¢
and the input and output terminals 49a, 49b, 50a, 50b with plural
cable run electrodes, resistance loss in the busbars d4la, 41c, 42a,
42c may be reduced, thus lowering the insertion loss.

Now, a description will be given on the points common to the
surface acoustic wave devices of the present invention.

(1) By making metalization ratios of the first to the fifth
reflector electrodes 13, 14, 23, 24, 25, 26, 43, 44, 45, 46, 47 to
within the range 0.45 to 0.75, surface acoustic waves may be
efficiently reflected and hence miniaturization of reflector



propagation routes. Accordingly, as- bi-directional' surface acoustic
waves propagating through the input IDT electrode 41 are efficiently
propagated to the output IDT el ectrode 42, insertion | od®epmpbend004f urt her
reduced when conpared with the surface acoustic wave device described in
the first exenplary enbodinent. Al so, the regfl ector el ectrodes provided
with the input .and output IDT electrodes 41, 42 in between have the sane
structure. That is, the first reflector electrode 43 and the third
reflector electrode 45 have the sane structure, and the second reflector

el ectrode 44 a urth ref]lectaor el ectrode 46 have the sane
structure. Al soquegggcff'{ael%i ired P%é‘céf‘?" %{‘ur}{fr&f theduetpl spatien ratipisdefinedde

43 different fré@dmthRarablio thewsenotlte refdtacber arl erddtedae 441 yeChangdicRg.
for exanple, thenwdidyRhrad |ﬁ§§}e SQPE.LOf e.el ecirade fingers, 43a, _44a
as in the fourthggie Fary enbodi rrgntl?@c\;/vei g%t@i ﬁg %a’lf/a(%é’?as?bﬁgn%%fecttﬁ the
reflection char &EFeFF'stoPc ®Ef L1¥ifRcwePf eEbBfiacel aeovtides vahes as otldi ag the

out - 011: - passgang h?apém_enclﬁﬁaico:éei?icaagl wingr B@%ié%ﬁﬁit?&b' 1‘&'&@%} ity gf .
t-of- tt t t

FiTih 1o the tenth exerdlox il O 188kt Shiaroshrticuor fhe diret

acoustic wave déPftertogr elertnodey ek h28x ehdlaady thathodi tentsechaditeflebyor

provi ding el ect eddet:fddegans 213uing ¢l g3AFRRO i &th and¥ ; |
aAgRnE vt andh b, AL AN S0e

i nclination as 0 fipgers. 4 44a,

the fourth refl ggﬁ%érllsg ie%:'t ?gad'egggaziiﬂ%gﬁs,ﬁa?: TR 20056410 yays dgyice
shorter in | engPAViRI theldigss Mmanbity tdfe dutpof-pardbend pattdoifitied eniy osles
41, 42 of the.fbbsdinea.the fourth reflector electrodes 43, 44, 45, 46 as
described in the fifth I nhodi ment,, a . surface_acoustic wave
device having a filter &ggérx%or%%‘ngc 0L I ERPETNES A bRD olf0ai Aédgle
Al so, simlar efFFERIngPHi@agns Afhedckhwrypteld SLp,si MiNb@; ol end Iade are
fingers on the emplegedf the first to the. fourth reflector electrodes 43,

44, 45, 46 toward an enfitlf)fl‘hyﬁxput and output IDT electrédes 11-. 12, 21, 22, 41,
42, the £irst to the fifth reflector electrodes 13, 14, 23, 24, 25,
26, 43, 44, 45, 46, 47, and the cable run electrodes 18, '30‘5., 36b
are for_med by using a metal havih'gl aluﬁrinu’m as the ma;'Ln constituent.

(5) The structures of the imput IDT electroédes 11, 21, 41

_ and the output IDT electrodes 12; 22, 42 may be different, bﬁt' size
reduction of surface acoustic wave de_vicés ﬁay be easier when their
sizes are gimilar. ' L

(6) By making the tiridi:hs_ in the direction perpendicular to
the direction of propagation of surface acoustic waves of the first
_to the fifth reflector electrodés 13, 14, 23, 24, 25, 26, 43l, 44,
47 greater than those of the input and output IDT ‘electrodes' 11, 12,
2}, 22, 41, 42, the reflection efficiency of surface acoustic waves
may be improved. -

(7) Insertion loss may be made smaller by makiné the
reflection coefficients of the first to the fifth reflector
electrodes 13, 14, 23, 24, 25, 26, 43, 44, 45, 46, 47 equal to or
greater than 0.9 and as much closer to unity as possible.

(8} The effect of preventing unwanted reflected waves may
be enhanced by forming the sound-absorbing materials 17a, 17b, 27a,
27b, 48a, 48b as large as possible between the first to the fifth
reflector electrodes 13, 14, 23, 24, 25, 26, 43, 44, 45, 46, 47 and



pi ezoel ectric substrate 40 as 'was shown in the sixth exenplary
enbodi nent. Needl ess to say, better effect nmay be obtained by grow di ng
simlar electrode fingers on both sides. In the above déd¥fipssi®devent h

exenpl ary enbodi nent, although sound-absorgé ng materials 48a, 48b are
formed at the ends of the piezoelectric subStrate 40 in the direction of
propagati on of surface acoustic waves of the input and output |DT

el ectrodes 41, 42, unwanted reflection at the end faces of the

pi ezoel ectric substrate 40 may be further prevented by also formng at the
ends parall el tdiehendyiofeths ariespelrrpagatutmiratesunt aoe. 4acoust|c waves

of the piezoelectric sqtgstmle. A0 en & 59 desc
surface acousti \ggvtjlﬁ gvice' _is Sf a Edé“\#}eﬂf %i){kgln%{gg‘pﬁarp‘eemﬁ% Tlr8tEase
of an unbal ance cetput a‘EﬂlB&F%‘H’CeHT GhBarzatesdil o2 baranoédicetidbaated

type, ié i s preefefgfmee tmo@ageezin éflﬁcﬁﬁﬂ@ﬁbﬂ%ubﬁﬁéé@ﬁéo?s]t‘ic céa%lesq{aéﬂs

i nput and outp oundi.ng term-nal s
Furthernore, t h%hg %d%g%n{ egfﬁ%illnjbdjtrv(\aé"gﬁo?ﬁegi)%‘stﬁgfig WPY in gpg ofpphem4)c
of the input and %tﬁﬂ&'@aF‘Eﬂ'@técth%@eQSﬂlexen@land etthedinienput and out put

termnals 49a, 49b, 50a,(16Pb is @onsowiiliing t%la”&lbﬁe ﬁﬂnbLsfeétJ le]ﬁai r%ie by

connectlng t he 1 42a, 42c and the jnput an
ternminals 49a, ggg%égh "‘&%86“ \fﬁtaﬁ éf"tﬁlglingc?&ﬁf’erqd@ﬁ ad e%ft%tom§hempsimce
loss in the busBeFtiopszbetspen theainpud2mdmeytine ImEdeledrobdy!31] Qvering, he
insertion |oss. 4Nowa, %ndﬁﬁéiitb%&@{ét%léougghgd ggafe%ﬂ gh Do ntrtsdlcy:‘?%,lrmnnm}ong

the ‘'surface acoiust i cfi\év%avg devi ces of present 1nve
h

met al i'zation rafToex S fFyRpresged | he Tlhief ?ﬁie¥‘@¥19eef§?0telrr@m fodtiserl e 14,

23, 24, 25, 26,imFoved, bySformifiy Uk teblavcthiclebhrodeanys 9045 368 &b Torge

surface acousti g Wsaghi@y be efficiently reflected and hence
m ni aturization of refl ctor 3 Decenber 2004 25 el ectrodes may be achi eved.

Here, the netalization ) o i s Wan Bsdng grogkheryatalo asethecpiddvelegcidtile of
an el ectrode fiswstrahes tlde 20nt4r,- ehectdmpeeataChasfAeSistic '(%réq&éiﬁﬁpr

that affects th@irt) assumes a second-order curve. If its peak temperature can
be set at the ceénter (normally room temperature) of the desired
temperature range, the freguency drift becomes small over the entire
temperature range.
- Therefore, when forming the p:.ezoelectric substrates 10,
20, 40 with'rock crystal, the peak temperature in the frequency drift
depends on the cutting angle of the pilezoelectric substrates 10 20,
40, and £ilm thicknesses and metalization ratios of the input and
output IDT electrodes 11 12, 21, 22, 41, 42, and the first to the
fifth reflector electrodes 13, 14, 23, 24, 25, 26, 43, 44, 45, 46,
47. Consequently, as the difference in the metalization ratios o:E
the input and output IDT electrodes 11, 12, 21, 22, a1, 42, and the
‘first to the fifth reflector electrodes 13, 14, 23, 24, 25,'.26, 43,
44, 45, 46, 47 increases, the respective peak temperature differs
greatly, thus presenting harmful effect of a great change in the
filter characterigtic with temperature. It is thus preferable that
the difference in metalization ratios of the input and output IDT
electrodes 11, 12, 21, 22, 41, 42,. and the first to the fifth reflector
electrodes 13, 14, 23, 24, 25, 26, 43, 44, 45, 46, 47 be 0.15,
. preferably 0.1 or smaller. Also, it is preferable that the difference
in the metalization ratios between the first reflector electrodes



reflection efficiency of surface acoustic waves as well as the tenperature

characteristic as will be described later. (2) By changing the reflection
characteristic of the first reflector electrodes 13, 23Deagnbegnd00hat of

the second reflector electrodes 14, 24, 44 by changing the width and
nunber of the electrode fingers 13a, 14a, 2Ba, 24a, 43a, 44a, a surface
acoustic wave device having a large quantity of out-of-passband
attenuation nay be obtained. (3) As the piezoelectric substrates 10, 20,
40, single .crystal substrates of rock crystal, LiTaG8, LiNoCG3 or

the' -1i ke are enpl,oy£d.432dn22nd lse AN put ,and output..|DT el ectrodes
11, 12, the £ rst to the fifth re%%}‘:i lt: t ell%%v:rogiﬁésl“l'Sz‘liél-“ZBe ghpus
26, 43, 444 45, 48 and the cable run electrodes 18, 30a, 30b are

formed by using a rret aI havi ng al um num as the main constituent. (5) The

structures of tlﬂ:ﬁeh%b Iec% s 11,'21, 41 and.the output |DT
el ectrodes 12: may it er it | but size reduction of surface

acoustic wave devi cesF%%-y Bé ebsi er W&;Tsmﬁhbreceisez&ﬁr&ﬁﬂtSldﬂabﬁém ) By

maki ng the wi dt bepmimidaliosk IRGEEON perpendicul ar to the direction of

propagati on of surfa%@coust c waves of the -first to the fifth-reflector
el ectrodes 13, 14, 23 acsgicoygtio yave deyiges of dihet heeseanitotereaitibhe

i nput and out puRay bF uskedctsrard s tlansnﬁilre&ﬂi,veaﬁndﬂéss #21td11€ 4 ghi&G %lt?oss

ef ficiency of suiizaﬁe Hs&l a ve | nsertio
may be made smm M i‘@?é‘i%e A2eude oo %laé’ Pzét%‘f “gKe deviisest o

’% &%é reflection coe

the fifth reflec 8S °f3lF Pandeess fijteps szlaaced“sg otdpults. dfipe 47

eﬂual f]EO or fgr%%{eéf"etqfiazﬁuc)t Qfa:ﬁgr a:zf nhmamugbﬁheteiﬁyﬁelc%ﬂ&c%t p%éf@%gdié 8)

The ef fect of DI@eBnbbistdavay e et et Ui e Gasanced

formng the SOUtf‘id %&)‘? IQ%??# erials 17a ’i%’ab gg(?ga&/bgﬁn aagannaélgsv

| arge as possib Weeh Thosen fgtemedinte Krequqncachnp lﬂlmw@dﬂ&ﬂ3

g P

14, 23, 24, 25PaFging3thupaghi® 148p24hdand RF bandpass filter 83. A surface
acoustic wave device in accordance with the present invehtion is
_Connected to the output side of the mixer 84 and is used as an IF
bandpass filter 85 that passes the intermediate frequency. By using
a surface acoustic wave device of the present J.nvention, it is
possible to reduce the number of elements of an IF amplifier 86 and
hence the power dissipation of the IF amplifier 86 thereby providing
4 communications device with a good cost performance.

. Industrial Applicability:

_ The present invention provides a surface acoustic wave device
having superior in-pasgsband characteristic by allowing efficient
propagation of surface acoustic waves from the :i.nput IDT electrode
to the ocutput IDT electrode



3 Decenber 2004 26 the ends of the piezoelectric substrates 10, 20, 40. (9)
While in the third to the sixth exenpl 38y enbodi nents, both the input and
output | DT el ectrodes 11, 12 were unidirectional eIectﬁdﬁ@@nW%ﬁ@Hagatlon
efficiency of surface acoustic waves. nay be enhanced by enpl oyi ng
unidirectional electrode even in ones |@§en1 when conpared with the first
exenpl ary enbodi nent. (10) By prOV|d|ng e cable run el ectrodes 18, 30a,
30b which al so work as shielding electrodes at |east in the opposing
portions betmeﬁg the_i nput and out “%%/EW el ectrodes 11, 12, 21, 22, 41,
42, an electro an%lﬂrf%cegaﬁw%twgwaég heq ﬁemnﬁlﬁmg arfaeéfeﬁfsaﬁnclwwate

el ect r odggpi;s a‘ﬂdpRﬂﬁﬁ@te%teH%daISIﬂ*f@lsg ‘ﬂ;fj‘@c deyr b'ﬂ@\ﬁd@@ ohMR4Aved by

form ng the cable run electr ar ge possi bl é. (11)
When usi rtyemﬂj&cwﬂy&llmtraa@ lnh@ rpaelz@lelsecln rthat tlwbisltelcamesoflﬁropmmld@ oft he

terrperat e, charact rlst I ¢ (.f cy. Mdrift ue second-.order curve.
e e B U, Bk 1 AR ¥teratlntits SERER AR VRPN the

t ermer at usRputodidé i serRpélRite AGIIRGEAVED 4t3ABRadERNIhES WiRARYe HoRT Ealecones

smal|l over the entire tenperature range. Therefore, when formng the

pi ezoel edoputcinisrdigitahirapsducer electrarie, wncha ragernd mrelector etasrogearovided

b evoer ettt bRAETMEa RIS s AR BRbRR FaNsbLES SREVRARlR Poac i on
rati os ofmaheer spch th@ldsaldUSlm’tﬁéCd IanétﬁﬁwwésSreﬂécteEZby Zhid 4fst feflectt, and
the first toéé;a fifth reflector electrodes 13, 14, 24, 25, 26, 43,

44, 45, Ayectroge caphsatrfiested) anﬁs‘"’?ﬁ@%ﬁﬁfjft@r%ﬁi@émtwtt 'ﬁlﬁfﬁ‘ﬂtal transdieser at i os
oliar | SR A 8 i MRS G et gt nd ol 1D
46, 47 irfrskeapdssecond redieptot eleetrpdedx dreinise disposed didtivecs sagdelapuyantihus
W th temsaeUReroiofal Ehsioep pBeEPasentriein Eakigten fresaiBin o
metalization rati oxgQfs)tdgnt'(DHY Sa@ 4§ put | DT )

where

6. angle of inclination of said first or said second refiector electrode relative to
a plane perpendicular to the direction of propagation of surface acoustic
waves of said input and output IDT electrodes in degrees (excluding zero
degree);

D: center-to-center distance in pm of the widths of said input and output IDT
electrodes in the direction perpendicular to the direction of propagation of
surface acoustic waves;

L: center-to-center distance in um of said first and second reflector

electrodes.

2. The surface acoustic wave device of claim 1, wherein 9 is equal to or

smaller than 25°.

3. The surface acoustic wave device of claim 1, wherein reflection
coefficients of said first and second reflector electrodes are approximately equail
to unity.



el ectrodes 11, 12, 21, 22, 41, 42, and the first to the fifth reflector

el ectrodes 13, 14, 23, 24, 25, 26, 43,294, 45, 46, 47 be 0.15., referably
0.1 or smaller. Also, it is preferable that the differeﬁéémﬂﬂwﬂﬁﬂg‘
nmetalization ratios between the first refl ector el ectrodes 3 Decenber 2004

27 13, 23, 43 4n¢hbh®rﬁ,%oa@bas%'\ﬁs\vgge@k@%ﬁagﬁﬁ 1147h&%m 46 | DRt FRULE

0. 05. Exenpl ary Enbodi nent is atransm't/receive circuit

di agr am o$aid lnmt#nﬂndcauimms!ntmdlgttal ivindceicenr élecroden uist iac umdirediemaces of
t he presen ention may be used as an IF transmit/recei ve bandpass
filters, S{ég\i{?’lption will be given on a receive circuit as surface
acoustic vvave devices are nore often used as |IF bandpass filters of
receive circuits, The receive circuit of Fi 13 is a super heterodyne
circuit, wheredr d8BoSUNRBE SCPUSTIS Wade Eevige @%tcémna'lngmre:rbsawchm dnd an

o0t €1 b venBlor AU RORLLL B BUSTRBL T, 6 L eaveney by R

surface acoustic wave device in accordance with the present invention is
connected to the gut put side of the m xer 84 and is used as an |F bandpass
filter 85 thatSpad88ediriase asusticanavr deviceqelplaim Bywherein said sableane

?ﬁguﬁblngeéﬁg oH'T@‘e’%E Clﬁtagéol%r%%dg tfds;ﬂml gér‘tdgggbacri] dﬁ\pH? anﬁoﬁﬁ@% gafee(r?dlgﬁgfjce

di ssi pat i tsanstfuceheldckrodepl i fi er 86 t hereby providing a conmunications
device with a good cost performance. Industrial Applicability: The present
i nvention provides a surface acoustic wave device having superior

i n-passbhand char FpkegirddeC abyustld AvBIdSlitd %feélsa;m Pf, Oma?ém ‘%glr%ﬁ?c‘iwdfeace
acoustic waves fromthe input IDT electrode to the output ectrode
28 CLAI Mairgandwyingethepgame pitch, width, angle of inclination as those of the electrode
fingers of said reflector electrodes but shorter in length is provided at at least one
of the ends toward said input and output interdigital transducer electrodes of said

reflector electrodes.

8. The surface acoustic wave device of claim 7, wherein an electrode
finger having a width approximately equal to 1/8 of the wavelength of surface
acoustic waves is provided in parallel with the electrode fingers of said interdigital
transducer electrodes for connecting ends of electrode fingers at the ends toward
said interdigital transducer electrodes of said reflector electrodes provided with a
short electrode finger.

9. The surface acoustic wave device of claim 1, wherein reflection
characteristic of said first reflector electrode is made different from that of said
second reflector electrode.



1. A surface acoustic wave devi ce conprising a piezoel ectric substrate,

i nput and output interdigital transduc8&0 (I1DT) el ectrodes provided on said
pi ezoel ectric substrate in a manner such that the directilasembergf@pagati on
of surface acoustic waves is parallel, a first reflector electrode

provi ded on theg Ouﬁ‘ﬁé‘tsfuﬁ’agé a‘?fog?.ﬁ‘é dar d&Gce g?%@ttn' £. WRLFSn HetBlization
predeterm ned di stance trom sai Input Tnterdiglital ‘transducer elrectrode,
and a secatidsodishiscfiret and secomd mflechriadectrodes srefin doetaigs Mg tdiosTmnce from
said output interdigital transducer electrode in a manner such that said
surface acoustic waves reflected by said first reflector -electrode can be

ref ected and propaDAs 8 hes BebGsiRUNRYS dbWEEA LA, WEGRRAMERR of Sbeel T ode.

and a cable run el ectrode which electrically connect's and grounds said
first andofséeoelgctred¢ diters of & refirstomatbctrodds 3p greatebdhave dine sddithsi ofput

and outp I Lgital transducer el ectrodes, wherein Equation 1 is
sati sfi ed&hﬁkgfe?"{rgf’gﬁjg?ﬁsn' (DL) < 2(0 +5) (1) where 0: angle of
inclination of said first or said second reflector electrode relative to a

pl ane perpendicular_to the direction of propagation of surface acoustic
waves of said 1éput Thacwiaceuaceestic wave device of digimeck whgindantpirder o

degree); D t et ent i ce | h i dth f i d i nput
and out pu@flﬁgﬁ? %Fg%‘?‘?% gssforﬂq%}eadsi %e%%%ﬁ%&%%n@?%ﬁgrﬁPﬁ" tS%gd dFP@gti on
of propagatardigital tramsdboere elentrosiel onwhee sidd- oppeBiterthbosigenbersaidl Shgmece in
m of said first d second reflector electrodes. 2. The surface acoustic
wave devill r@'ﬂ“@ﬁ&?‘ﬂ?&@%?%ﬁmﬁ@ wheraqigld firgt eaflectareglealrode i provided, The
surface tel i i i 1.eqt i LGients
o sai d fier oS P ale & Aldidd A0S RRAMERNED AlnaF B s, 5
unity. 29Bpokddetbgital OBanstiuceheslscirdde @natreu sidec oppositel diie ceidef ofckaidm 1,
wherei n at one i transducer

| f id i d t put. i nt ital
ol ect r oaeetp 8l Dol warRBiider Slrireds dubretsaiainecdnf ratecior sikidesye
devi ce ofpeliliem 1, wherein said first and

13.  The surface acoustic wave device of claim 1, wherein at least one of
said input and output interdigital transducer electrodes is comprised of a split
electrode having an electrode finger width approximately equal to A/8 (A being

wavelength of surface acoustic waves).

14.  The surface acoustic wave device of claim 1, wherein, when the
input and output terminals of said surface acoustic wave device are of an
unbalanced type, input and output terminals on the side of the opposihg input and
output interdigital transducer electrodes are grounded.

15. The surface acoustic wave device of claim 1, wherein a sound-
absorbing material is provided between said first and second reflector electrodes
and the end in the direction of propagation of surface acoustic waves of said
piezoelectric substrate.



second reflector electrodes are divided into plural  units. 6. The surface
acoustic wave device of claim1, wherein said cable run_electrode is nade
broader than busbars of said input and_output interdigi tdieccread@fucer
el ectrodes. 7. The surface acoustic wavé device of claim 1, wherein an

electrode fingsr hawénrfabe SRTRIEVAD devidohor 8REhO1Rlwhadi nALHARAS

those of the electrode fingers of said reflector electro but “shorter in

| engt h i saksasbinge inaterialt is pacvided ealsof betineeandaidt fivetr and asatondp eflentar
output in I, Qi n cerpelectrqodes. of said reflector el ectrqdes. 8
The sur  reBetoden Aha A RR dathd Wi ALFRicH o RiePanhfion SEhltecs BELstnger
havi ng a whdédohpdid piéiRl&itic edbsttatto 1/8 of the wavel ength of surface
acoustic waves is provided in parallel with the electrode fingers of said

interdigital transducer el ectrodes for connecting ends of electrode

fingers at thejendsyt (4 Ot LOi tr | ect of said
refl ector el ecpra'odeé %’%g%e?\?ﬁ% %@awaghorc{e%geecmg'g&ﬁén%er&eé.gggﬁg'c
surface asubsitite, inpue atevoutpubiinteldigital lravdieicer (IDEF bRetrodss prbeiklagt@ari stic
of said fi rsh%ir eflectqr electrode is gﬁde different fromthat of said

second r F3ELeIAN ERIgRIeZRRlectdp sybpisatentiest to fpyth teflegy elestradas previded; ¢
wave devi Jehil e ai i i i : I I LLs d
second re@?ggs%%‘%sg%ft ?%‘ egbgir gn?ﬁiﬁ ‘étzf’g‘!ﬁ@@‘t@! jr%'ntg g”%&?@'.%bﬁg&éél’hée f@@rfaee
acoust i ¢ refectod @léatdef provisiec Hetwelkarssid inpultamdobutpatrinterdigitah éraekdatgrode

fingers of the reflector .electrodes is greater than the w dths of ofher

el ect rodeelf’lgtﬁ%%‘?ss.aré? %Fgesrb'f'f éo)tléﬁt?%‘&%dg?'g% ﬁ%@@cgg’vpg@??ﬁts cﬁ'}iji groundgher ei n
a third gadKieatand sd@md eAscios eRIYdEs hirat is2ifs AL SstleBAG A HRRGRd " oM
said input interdigital transducer electrode on the side opposite the side
of said i¢pout intardigital gireasducesnglgoitedes| wherail esait diiret dai foufthr seflactdr ect or

| ectrode, Vi : ctaor electrode, i.s provided at a
Sr de[ gr %el%cztgé) dl Stagﬁggcl%rfe%bga%ﬁwog[l}@%tgw ﬁ}ﬁ esragi]%ia[rgle t’??ﬁ&ﬂ@eﬁ BE‘Q& rode
on the sip®pemicalardo theedisetionaf Fapagatiom eleurfateeiddugtit davbsansducer

el ectrode where said second reflector electrode is provided. 13. The
surface acoustic wave device of claim1l, wherein at | east one of

18.  The surface acoustic wave device of claim 17, wherein Equation (2)
is satisfied:
2(6 - 5) < tan™(D/L) < 2(6 + 5) (2)
where

8. angle of inclination in degrees (excluding zero degree) of at least one of
said first to fourth refiector electrodes relative to a plane perpendicular to
the direction of propagation of surface acoustic waves of said input and
output IDT electrodes;

D: center-to-center distance in pm of the widths of said input and output IDT
electrodes in the direction perpendicular to the direction of propagation of
surface acoustic waves;

L: center-to-center distance in um of said first and second reflector

electrodes.

19.  The surface acoustic wave device of claim 18, wherein 8 is equal to

or smaller than 25°.



said input and output interdigital transducer electrodes is conprised of a
split electrode having an el ectrode fBAger w dth apprOX| mately equal to
718 (A. being wavel ength of surface acoustic waves). 14.Depprebesdpdace
acoustic wave device of claiml1l, wherein, when the input and output

termnals of sphd spré §Gﬁa@é39él&§étf& W@d?ﬁ%ﬁ%%‘?c%“rﬁ o mﬂiéremhé'rgﬁé?&%nt ype,

input and output termnals on the side o osi h t an out

i nt er di gi eeafficienineidaic reflectanalectesdeasris ag)xpmmnhatblynﬁltyThe surface acoustl c
wave device of claim1l, wherein a sound- absorbing material is provided
between said first and second reflector electrodes and the end in the

direction of ppppagphé Qurfate ﬁééuﬁﬁméﬁé@éwc@ & @1’ @ﬁbfbm%‘t‘f@é%@'o‘ﬁ%”' c
substrate. 3 Decenber 2004 31 16. The surface acoustic wave device of

cl ai m 15, ofviiaid diputaarsbouipubirderdigit) transduicar eles:trpdawsie:drrmrsedt;étavspht sai d
fi | d d th g Lo Ll
di v sct | orP SRR aTD B e Eie Faed GRuTBPpioX At B3idlanie i b2k e 1 ¢

subst r at eyavelendthdf'sifate 2eBUSHd Waveye devi ce conpri sing a pi ezoel ectric
substrate, input and output interdigital transducer (1DT) el ectrodes

provided in parallel on said piezoelectric substrate, first to fourth

mtordi gi tal  (Fansaleroipee eshRtS eve peReeres BBl bR b, dea

bet ween seafidctonpléctradd iogiqurdednt erdi gital transducer electrodes, and a
cable run electrode which electrically connects and grounds said first and
second reflector electrodes and is di sposed between said i nput and out put

et F s 2, 2SR LR LEAER wahehieliBe 3R cfbil {2 widhelr DA LlkckiBbgecl o

el ectrodes are 1nclined by approxima e same andgle Té g pl ane

per pendi fingearhaving Hee damecpitain Vﬂtﬂthpm'h@af inclinatiors as fthose af:mtsblez:tmﬁées

18. The urfac Vi ce m 17, wherein Equation (2) 1is
sati sfi e 92'?(5’ é) rei ecfcgmqe%@ SSb'Qt(%‘QFFeS)'n (eHatiyig pEoviged é‘ﬁ@t east one

i ncl i nat fofhd BneSBFeRTd (EHIOIILRBREES téﬁ:a&?%)auoo éﬁlﬁ eln%aé& l%f’digil?é
first to fourth reflector electrodes relative to pl ane p Ichlar to
t he di r elcansshicer efcdpdgat i on of surface acoustic waves of sai d i nput and

24.  The surface acoustic wave device of claim 23, wherein an electrode
finger having a width approximately equal to 1/8 of the wavelength of surface
acoustic waves is provided in parallel with the electrode fingers of said interdigitai
transducer electrodes for connecting ends of electrode fingers at the end toward
said interdigital transducer electrodes of the reflector electrodes provided with a
short electrode finger.

25. The surface acoustic wave device of claim 17, wherein reflection
characteristic of said first and second reflector electrodes is different from that of
said third and fourth reflector electrodes.

26. The surface acoustic wave device of claim 17, wherein metalization
ratios of said first to fifth reflector electrodes are in the range 0.45 to 0.75.



output IDT electrodes; D. center-to-center distance in mof the widths of
said input and output IDT electrodes B3 the di rectlon perpendi cul ar to the
direction of propagation of surface acoustic waves; L: 3déssember2@dcent er
distance in jumof said first and second reflector eI ectrodes. 19. The

sur face acoust S : [l er
Chan 9. 59 3 Dhconiie AgHLEE sEbusihald HevkRSLAGD 170 wRBHaN the widh G2l

17, wher esgme rfdetrtmdaaﬁng@nm abé&fdst cinenof edidsfinst to difthereflectoe | edettraatbasisi s
appr oxi mat el . 21 e surfa ust I c wave device of claim 17,
wherein a4 ?@gﬂ ﬁ%ewbqthé’goﬂ“%%% m&%d RERBut interdigital transducer
el ectrodes is conprised of a split electrode having an el ectrode finger

wi dth approxinately equal to X/8 (?. being the wavelength of surface
acoustic waves?8 22Theriserigge fagoestie swayvei deview of ddainc 47 otvherainnwhen thiser ei n

d fift; Th
Govi e of MRyt EndT Bt SPIIaRE o Sl SHABES achlsid vl dER 208 51 £B,
wi dt h, angitealaficadiybentie mﬁuﬁénd boﬁﬁjt@érrﬁlhﬁs@rﬁmbrmofbp;ﬁwﬁ§ irfut Sidd
reflector el ectrodes but shorter in |ength |sr§%row ded at at Teast one of

t he ends QHPgta'ﬂEPer@Ftﬁb%%dl@eé@lw&é’§st%ﬂlﬂf@ dd i nput and out put
interdigital transducer el ectrodes. 24. The surface acoustic wave device
of claim 23, wherein an electrode finger having a width approxi mately
equal to 1/8 029. heThewselfangtdconktic wdvac devige cafstlaim ViR egheirpmogoeiedt i n

par al | el th the e|lectrode f of sai,d interdi t ransducer

el ect rode%gﬁoé?'”gdﬂﬂ '?5 @p@ybiecggeéye&} ?@Qg'rﬁﬁ E{bé&gggfﬁetheelgﬁtfoggwg sai d
| nt er di githal ehd A e SlirdltiBR! bPURBpAkaNdHE dFeblRsle acBlISRE NRaRss Rifoxbded
with a short electrode finger he surface acoustic wave devi ce of

cl ai m 17, pieeeelecticisaibats. on characteristic of said first and second

reflector electrodes is different fromthat of said third and fourth
reflector el ectrodes. 26. The surface acoustic wave device of claim17,

wher ei n et al i 3Git i OThe Isakfaes @ouste Wive Bbvibe df &ibiin 1 Lesdreln @ ssin@des
are in the range 0.45 to 0.75.
absorbing material is provided also between said first to fourth reflector
electrodes and the end in the direction parallel to the direction of propagation of

surface acoustic waves of said piezoelectric substrate.

31. A communications device comprising a mixer, a surface acoustic
wave device the input side of which being connected to the output side of said
mixer, and an amplifier the input side of which being connected to the output side
of said surface acoustic wave device, said surface acoustic wave device further
comprising a piezoelectric substrate, input and oufput interdigital transducer
electrodes provided on said piezoelectric substrate in a manner such that the
directions of propagation of surface acoustic waves are parallel, a first reflector
electrode provided at a predetermined distance from said input interdigital
transducer electrode toward said output side of said surface acoustic waves, a
second reftector electrode provided at a predetermined distance from said output
interdigital transducer electrode in a manner such that it reflects the surface
acoustic waves reflected by said first reflector electrode and propagates to said
output interdigital transducer electrode, and a cable run electrode which

electrically connects and grounds said first and second reflector electrodes and is



33 3 Decenber 2004 27. The surface acoustic wave device of claim17,
wherein the width of sone electrode f33mer in at |east one of said first
to fifth reflector electrodes is greater than the w dt R Rsterghen@pOdel ect r ode
fingers. 28. The surface acoustic wave device of claim 17, wherein, when

t he i npugj eLHIdN fapgal r ; UKL} e | are of
an unbal glﬁggge?%%twes he%ig]r?pﬁé@ggg ngluto(g{(ftﬁ'H t L@%ﬁ@ﬁg ﬁr%hﬁ%&%‘sfi gféi'%gr?a%%’posi ng
i nput andwhetgipiquatior( t igisatisfied:ansducer el ectrodes are grounded. 29. The
surface acoustic wave deyjce..of claim17, wherein a sound- absorbing
material is provided bet%@'r?)s%teﬁ‘ ?bﬂjs)ts %@Jfggth refle@t)or el ectrodes and
the end in theygipfection of propagation of surface acoustic waves of said
pi ezoel ectric substrate. 30. The surface acoustic wave device of claim 29,
wher ei n a solindnglelfandinatondn eleigedes exghurlingledreatisgrebpofsaid st dr Bakdst to
fourth reflector e ec%trode and the end in the direction parallel to the
direction of p? refigRlop eleciipdeetativedaa plangresrenrdicdlar i Hedisration: ri ¢
substrate. 31. ' i ' 3 LS g ,

acoust o vave REETERARA R SHfaCr HBa R IRIYES, A sBATIEEL 2 SUELETIOT, i put
side of said elegodesind an anplifier the input side of which being

connect ed tﬂg't he OU£F£Ut Si of said siyrfac,e acoustic wave device, said

e 1C
surface acoudt$eGR C%@Wgéﬂ?rﬁﬁeﬁ Rekm eigtherwisthgyot saiddnegl ared pulpWdBRd: r at e,
i nput and outp, i | tHd 84 : t I i
pi ezoel ectric %!Eg{g?@% $eH ?{rﬁ:’t gir%%[mé%gﬁﬂwy Eal{tq Stthgﬁcﬁéﬁﬁ%ﬁ%ﬁhtﬁﬂ gf
propagat i on of syiadeaamustiovstvies; waves are parallel, a first reflector
el ectrode provi ded at a predeterm ned distance fromsaid i nput interdigital
t ransducer &-e%?fﬁsa "?%Sngg‘§§ﬂrlﬂ:eod'E‘pH[“ s?geseﬁ‘# Best g 28dr seeané c mflacter
waves, a secogdefr§fidect or el ectrode provided at a predeterm ned di stance
fromsaid output 1nterdigital transducer electrode in a manner such that
it reflects the surface acoustic waves reflected by said first reflector
el ectrode and propagates to said output interdigital transducer electrode,
and a cable run electrode which electrically connects and grounds said
first and second reflector electrodes and is 33a 3 Decenber 2004 di sposed
bet ween said i nput and output interdigital transducer el ectrodes,



wherein Equation (1) is satisfied: 2(e - 5) <tan-'(DL) < 2(e +5) (1)
where 0: angle of inclination in degrees (excluding zero degree) of said
first or said second reflector electrode relative to a 5ﬁ5ﬂ§8ﬁ%? ndi cul ar
to the direction of propagation of surf3ce acoustic waves of said input
and output IDT electrodes; D:. center-to-center distance in mof the w dths
of said input and output IDT electrodes in the direction perpendicular to
the direction of propagation of surface acoustic waves; L:

center -t 0- cent AWl iDEVATES AND ROMANIATON v veaged Gave iDERAles
el ectrodes. 3 Decenber 2004 34 SAW DEVI CE AND COVMUNI CATI ON DEVI CE USI NG

SAW DEVI CE ABSTRACT A SAW devi ce conprises input/output interdigital
transducer (IDT) el ectrodes(11, 12) pgg*h&ggﬂgn pi ezoel ectric substrates

(10), a first reflector electrode ( wi ng the input IDT el ectrode
(11), and a second reflector electrode (14) preceding the output 'IDT
el ectrode (12). The device satisfies the following inequality (1) to

provi de preferabl eSAEhA%UEYE | SOMOLisgsa paR¥thanEpud (mBrdigal o/ L) <2
(0+5) "where 0: the inclination (in degree, except zero) of the first or
second r ef F&@pgAugkdEct r oflEDBF  t heeliamputodssd 1 lodtdjut | Proelidetr odes wi t h
respect to a plane perpendicular to the direction in which surface
acoustic wdeesefleatelic D: sthetpateh (i(Lojicrom ofithe inmslarthr out put
| DT el ectrodes in the direction in which surface acoustic waves travel. L:
the pitch ellectiroren)(1d) thel1éwvisy and segand refl eater8Lectypodes. Figure
1

and a second reflector electrode (14) preceding the

output 'IDT electrode (12). The device satisfies the

following inequality (1) to provide preferable

characteristics in a pass band: 2(8-5)<tan™(D/L)<2 (8+5)

where 0: the inclination (in degree, except zero) of the

first or second reflector electrode of the input and

output IDT electrodes with respect to a plane

perpendicular to the direction in which surface acoustic

waves travel. D: the pitch (in micron) of the input and

output IDT electrodes in the direction in which surface

acoustic waves travel. L: the pitch (in micron) of the

first and second reflector electrodes.

Figure 1



