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 103repdopagatartbntidieisecodit &8 Mirralb el w194 uab £l ect

at the second gef Leat.gh el getrod e%.mgiquﬁud% 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,



3 Decenber 2004 propagate to the output IDT el ectrode 102, and are put out
fromthe output terninal. Accordingly,2when conpared with a transversal
type surface acoustic wave device, the size can be nadé Rasethbes20Wy t he
anount of overl ap of the input and out put 1DT el ectrodes 101, 102 in the

e dovi REPR3SERSY ThecOleph, T, BBELR8 T cand 28 Sput. Bt R 1PECRARRE ™" ©

acoustic mmmu ffers dependi ng on the angle of inclination of the first
and second reflecto ectrodes 103, 104 relative to the input and out put
| DT el ect r odes”g¢ard mff»z famr@étwm;attr@QVﬁr%@égm@aﬁmma%sgpmwecs | t

E theref&’é\ﬁcé‘r‘th%bé,uféb Ribe %d@rﬁsmr t‘ta;f‘m-’ephhfb'&ni Or BLayk %f‘fhé'@{ﬁ%%d

acoustic Wave 'device that can efT1alan ansm t sUFface acoustlc waves
from t he outpputDT Blecticdes ri@de 102 i fiee duepbujn oDiroplagation dé sarfdcd encestitas a
superior in- passband characteristic. D sclosure of the Invention:

Accor di ng"f¥%%ne aspect of the present invention, there is provided a

surface acoustjc gna\BaseV NREVS | dXi kegt s i Aput
and output int eradl gi ?geﬁ dtcs)glﬁggucer (1 D'[I' ﬂagirﬁﬁéﬁg éﬂr%\?}f&ée{é{egﬁf‘astgl P

pi ezoel ecteflestions gb surace acaustiwaves dn‘t&r& delpandmlgeomrch@angbnofomcmaimgat i on

or ovi ded ghtendpuTisLEBET "3rE8aF e k9% 1A PBRR et & gl ana

predet er nputgdt T bRIRABIES A0 SED2 thO®Uffetii®tidl Blpshaht ThaftEErstRect r ode,
and a second reflector el ectrode provided at a predeterm ned distance from

sai d out put i nit&pdihgref are @BNaABISGE &f @Be@f&s@@é inyenfionrig isevidaca swkacesai d

surface v an be
reflected an qu’\(’)%@gg {Hg?%%ﬁ% %’ﬁ‘ﬂﬂ §| gl %%%%baét'csﬁégéé fr8§'| g‘ trode,
and a cabihput lﬂDTeehIectrmatmleo whe odiutph'edDTleiad:tm'd@ @mdenénce hdsgs aupesiop dn-d
first and se%ﬁpg refl ctor el ectrodes and is disposed between said input
and out pift ﬁT’S G ansducer el ectrodes, wherein Equation 1 is
satisfied: 2(0-5):5 tan- (DL) <_ 2(0+5) (1) Where 0: angle of inclination
(in degrees excluding zero degree) of the first or the second reflector

el ect r odeDisslosuresef the lavemtiore per pendi cul ar to the 3 3 Decenber 2004

According 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



direction of propagation of surface acoustic waves of the input and out put
| DT el ectrodes; D. center-to-center distance in mof the widths of the
i nput. and output IDT electrodes in the direction perpérdédicenbaz0@4 t he
direction of propagation of surface acoustic waves; L: enter-to-center

el actrode.  The WestEndTERop AR Y8 ot ARShieh SRR PO R

prevents el ectlDdnelgokddes;coupl i ng between the input and output |DT
el ectrodes thereby increasi ng the quantity of out-of-passband attenuation.

I n addition, Bycerde-igneenier distangeus 1wh @ the wethsqefathetibpet argrautrit 1IPTan 25,

this device may, &’;%%e-f ther . | JonaL L Sad Na. .
characteri stics(aflg ur 'grﬂr#%rdg',%cgé}{@%i#égﬂq]%@a# Loethreeq'F%i@ﬁgoﬁ%&%"f‘%tﬁneﬂfts of
the first and ssanface acsiusBcivaivee] ectrodes to be approximately equal to
unity, insertion |oss of the device may be |lowered. Yet furthernore, by

desi gni ng at 4 eder-theenfer iigdangpun umdobdbe Jirst pefledior eleditese epdpthea

uni di recti onal r | 4Qn | oss of the device may be |owered. Yet
furthernore, byﬁtﬁg\%&gﬂg(ﬁ?té%?fr%ég and second reflector electrodes of the

devi ce into noTiee tdubie qur oleictrodé heorksansi & yshiéldivigt eifctiodes Bad dhred/kptzuat i on
may be further increased., Yet furthermpre, by maki n% t he cable run

el ect rodeeEEP%%@égh?%ﬁoﬁﬁ@"Q) twerp dheinputeand WP P Togtastredetheredi r odes
of the deyiresi h‘é'(fﬂé?‘ﬁit.6{&9tlof-:?%étsﬁﬁndfa‘&%ngﬁo nhanced. Yet furthernore,

with this device, by providing o east one of the ends on the sides of

t he input and lowdqdition, By éésighingdhe valud beo fto ibet equal tth@r seeaird thaebbect or
el ectrodes, an el ectrode finger having the same pitch, width, and angle of

i ncl i nat i BI® dRVieHEaY ke Masedurthrgeurerisr in s inggsshancheharaeteristes.ect or
el ectrodes -but,shakide W%legipgfgg; ﬁwBarBﬂé&%rP%%fﬁéiEﬁ@tdeHE%rﬁ'a"n%&éé)c%td

fingers, a filter wavefor to a rectangl e may be realizéed.

f ur t her noefiectar eteatrioidss de becapproyimatelyiatjuad taatinityh énssrtion fosshaf th®Bevice

el ectrode_si (El)e ]of the reflector electrodes provided with a short el ectrode
finger dHAYP% 'BYFHYel with the electrode fingers 3 Decenber 2004 of the

| DT el ect r odesyg@nfigitReinorsleny i R@finind ax| BEs@oMé Bifthe 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



approximately equal to 1/8 of the wavel ength of surface acoustic waves,

for connecting ends of electrode fingers, unwanted reflection nay be
prevented. Yet furthernore, with this device, by making3{isecnmbsf 284t i on
characteristics of the first reflector electrodes and the second reflector
el ectrodes different, the quantity of out--of-passband attenuation may be
I ncreased. Yet furthernore, with this device, by making the netalization
ratios of the first and second reflector electrodes to be in the range
0.45 to 0.75, reflection efficiency per electrode finger of the reflector
el ectrodes may be enhanced thus enabling size reduction of the reflector
el ectrodes. Yetoff uktthefRBr @leqitdvleshi an dekeécieodbheciggant | huvodg ot -wifath
passband att enugpireRinmy1PechACES ' i dt.h of so of the
el ectrode fingé?% of tggi?egl cto?$g?é?%?%%ﬁ%ﬂ%¥%§?§?&%%%%Fa?%ﬁﬂﬁdeﬁeﬁf

ot her el ect rodé °fi RGBTV P r thér RGP danF ingausi- suryapited, refileptbun diawg a

third reflectde presmmtede on the side opposite the side where the first

reflector el ectrode @f ' | Q. .8l de.is .proyided at a

pr edet er ni ned dj st ancet-;éggtr:ri\lt'ﬁe ier'lggltt%l gﬁ%ﬁ&&%ﬂ@? N3 OA gehtpetion
fourth refl ect SPPEFEEEASHECH R ke stigwtoppblsioter t ¢lectird@esvrade thdh eseceaaond
refl ector el ectebiectol bhectrddaut df Elerin@ct f@galda%tpfpvég%t_gg_ﬁassb nd

predeterm ned disianG8oL" e;out put .1 DT el ectrode,” bi- directiona
surface acoustic \A/avesc’;lrr%{p?atggt%%% etosr@%Ugh the input IDT electrode may be

efficiently propagat¥tf feriieemene puith th¥s deette.oblemaNity this mbeaimmaeiow t h
this device, byatinfofuhé fgret ah@@sbokBer Rotbh 1680 deaNY 9&519.‘65%%9;[%

el ectrodes wWith g it -el ectr.ode; havi an el ectrode tinger W

appr oxi mat el y equalsbtyt 3 X8 l(%gle\f\’/g\i/% SHITRIeHY 267 slertrodfsfingamapésfhe

i nternal refl eERFHTERF L Miastrades mout baredhancsd thus Bhablbed rsade scamistben
prevented and af vihterafbdthat epaiti-caapd may be provided. Yet furthernore,

Rcoust ¢ wave devi cooa EiiREte SRR HEHR, aoviRdly Mierutangtheon mudcotmd

out put ter m naP¥FHRNL RELePFat AN Bppoke Hgereansd brmkkduppitte WDAtielcgcksmsles,

el ectromagnet i ef chepélegrbaé #@igors 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 whe-re ‘the first
reflector .electrode of the input IDT electrode is’ provided-' at a
predetermined distance from the.:!.pput-IDT electrode, and p;:'oviding
a fourth reflector electrode on the side opposite the side where the
second reflector electrode of the output IDT electrode is ﬁih:.oirided
at ‘& predetermined distance from the output IDT electrc;de. bi-
directional surface acoustic waves propagating through the input IDT
electrode may be efficiently propagated to the out;;ut. IDT electrode.

Yot furthermore, with this device, by configuring at least one
of the input and dutput IDT electrodes with a split electrode ﬁaving
an electrode finger width approximately equal to A/8 (A: waveléngth
of surface acoustic waves}, internal 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



3 Decenber 2004 5 the input and output |DT el ectrodes nmay be prevented and
a large quantity of out-of-passband attenuati on nay be obtai ned. Yet
furthernore, with this device, by providing an acousti c 3 Reoerarap@e04bet ween
the first and second reflector electrodes and the end in the direction of
propagati on of surface acoustic waves of thg piezoelectric substrate,
unwanted refl ected waves at the end of the piezoelectric substrate may be
absorbed and a flat pass band may be obtained. Yet furthernore, with this
device, by providing a sound- absorbing nmaterial also between. the first

and second refletg{ﬁot | ectrodes and the end parallel to the direction of
propagati on of r FARE FRE TRt WERe £16F L FHIESpRYE e @EevertesubBE ratlerge

unwant ed refl ectuedtitaves attidfepantbanfl dfienphezacheet bé Griubsidate may be
further absorbed and @ f AL PASESP . be obtained. A second surface
acoustic wave device of thetpresgﬁf.q{l%\l}en Jiso(rdale‘?%:cc?ﬁp$¥sp§§vé3 e 2Bt ELE
substrate, inputtPiftPGubptiteenpihefézst sadsseogndtefddcter parattmlesoma hae

pi ezoel ectri ¢ sehatimaties afiréStioh®f Prdadati®f beGuREasd ﬁ@&ﬁ&&%swaqfegv+9%ﬁeon
bot h si des of t%g Lg%%%tgggsﬁg;,pgtte I[ng elde%tr ges, ‘and a fifth reflector
el ectrode provi ded” between the: ~dHpUitvaRe ﬁfg eSS ct fhesrd ohshe
the first to t h@iperpleRtrieEubetRteana be cheorbed andd Ehed phys manghiay bbe

same angl es rel abtafned.0 a pl ane perpendicular to the direction of

propagation of surfa oustic waves, thys providing a surface acoustic
wave device small i ?lleestl %%rgﬁﬂoﬁﬁerf’b'fhi h&e gttt ity PePvddingom Fa¥adand

attenuation. 'Adépf?@r’r&gl pategicl ehFe betrees, thy Shtdtsfandngebondttailectdy,
surface acousti e1¥6u@3esBhadensthi iRy I%Oﬂ?eg%&E&ti%e?éézrggggﬁij&%p S
udi ng zero

2(6+5) (2) wher gurpaceagglg \f(—3 [ gcl i naf(tjlt?‘% gi n degrees exc

degree) of one OF hore of the Frrst ¢ ePIBHNYHOFEL? sttt ratec iyanged
relative to a pFahedsed peansisc ak arhet entihet diheepiemmeloftrisupagsiteomapl be
surface acousti cuiéesaboriBe AWl £aRd RUEPMEna b & epLELLES, '

A second surface acoustic wave device of the present invention
comprises a plezoelectric .substragte, input and output IDF eléctrodes
provided in parallel on the piezoelectric substrate, first to foﬁrth -
reflecto;r electrodes provided bn both sides of the input and output
IDT electrodes, and a £ifth reflector electrode provided between 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(B~5) s tan(DP/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;



: nter-to-center distance in E tni of the widths of the input and
thgﬁt | DT el ectrodes in the direction perpendicular to the dlggﬁﬁlon of
propagation of surface acoustic waves; ter; 3 Decenber 20@Bdengbet )
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 snaller than 25, this device may be made further superior in
its 1in-passband characteristics. Furthernore, by designing the reflection
coefficients of the first to fifth reflector electrodes to be
approxi mately equal to unity, insertion |oss of the device may be | owered.
Yet furthermore, with® t¥indegetewentpy Eortehgarimgmabs| gastfireneraficther
i nput and out put | DT ellectraidesnai e sesqld el &AlrO8fct?a¥LNg an el ectrode

wavel engt h of the surface
;nggi i \(,:VI \?\;Ce?ppr g?é?ﬁf\%ﬁg*‘ﬂhctbyoﬁeﬁwaé tftehéfai%tﬂfgﬁn'ép bet panal pF or
el ectrodes may SBelBtedbat &§° anthis Wedbcamdy Bd abdpans-thandsupeyide ipr ové ded.

Yet furthernoren-paddbahli shad@¥teSsstA¥sMking the fifth reflector elect rodAe

li.ng-
work as a shieldin I trode b ounding it, electromagnetic coup
bet ween the i nput gn}'e ??Fﬁ'ﬂ?rq Ygileét’??jdﬁ’eghe Fefl e iph opehf teiepia o the

provi di ng a- de¥iee bafifih zefilacyer gleatidotiys tomta-a@br@aﬁﬁbaﬂﬁeéﬁéﬁw&ﬁi@

at | east one of "the
eISFs Lﬁrtﬂgrg?ggs%ﬁﬁzbgﬁ iéyssa?eg%ec%ga?ge a%th'ge#}q’cfr odes _of the first to
the fourth reflector 58’5 R5FEeTen Wt F’I"o'ﬂélef’i%erblf ﬂ%ﬂﬁwgrtulme atafeagt t ch,

wi dth, and angPee off Ehelinpatiom astpite IDelemcltﬂd@eg‘ Iwmgﬁras s@fL:.’E f@}g&ﬁ-&@&t or
el ect rodes but h&hNt §h éﬂec!t‘?:'&ﬁ&hfiﬁ %nw&gﬁé?ah%%tog: IHP ﬁ‘!ﬁ] Fa"e I/% {e){? this

f |
S’Z‘X?c? mb;C/ Sfﬁv%‘%ﬁleagé % Bgéﬁafaa ac?'ﬁ”etiPﬂPV@l)eéPFemasl x¢flection hmside

reflector el ecthodaprpr oudl dedpuhilDT ekectirotss eagaia pﬂ@védt@@%da@qﬂ'd@ and
parallel with tha phestymdendy WehLovided. :

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 samé 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‘é 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,



of the IDT electrodes an el ectrode finger ‘having a width approxi mately
equal to 1/8 of the wavel ength of surfdce acoustic wave's for connecting
ends of electrode fingers, unwanted reflection may be pridegembesd004vyet
furthernore, with this device, by nmaking the reflection characteristics of

the fi th%n&{, _E%SIS I | fromthose of the

t h?r dI ;zdt f ourat?ﬁﬁfgﬁ?%ﬁfl r ePég§P§%ég?@§@a&%%%g¢Hngo4 the quantity of
out - of - passban¥etfurthensmore nwithaghib elcvivey, @aysm?kin%j%e;metdﬁe?ﬂm ﬁatic}lj ??thﬁehl S
device, b Ki talizat] ratios.of the fi o.the fift}]
1ot et o sl 3R A rion ARkE8e4 35058 imsne Jange 135 oy p g irghection

ef fi ci encyfiipRihcy|REtdOcodd RS MaY H@eﬁﬁéﬁd&ﬁ%%@%tﬁi’ﬁ@@&é‘%&%ﬁ?n of .

reduction of the reflector electrodes. Yet furthernore; wth t devi ce,
t he quanttheyrefectonelestrogassband attenuati on may be increased by making the

wi dt h of sone t rode, fingers.of at |east.one_of the first to the
FTth reftect of bl BEABREL. oWty dRYHidhe He, aeantly of neptgFpeie
fingers. eéndatiohheiayobe, indidadel by rMigkhg StheMiiRIth tdTesdMBUSf B chititiide
termnals of the surface acoustic wave device are of unbal anced type, by

r oundi ngfingrEs i @i deast aneoel ihet firsk intheafilth sefladter eleasodes apgater than theut and
gt tlgoeﬁl] Hd | ti | bet ween the i nput and
out pu . qﬁ“ gnetic coupling betwe
out put | B&i el g’gH odgzecrtrrg?ebe epérrgvent ed and a |arge quantity of _
out - of - passbandeffurthenmbranwitmyhib eledidegiviesh theingutrdriteompie termihBlst & s

device, by proyiding a.sound-absorbing material  between the first to the
firth ref%@cﬁ%%cé’l HadeveievieR aemal Hhbalaeced bse by grovadingdbstrpete i n

t he direck ' faigur : | | ect ed
wves ot SrEBuBlRERRRAR LANE) S8k RGIARY TR ARY Batodi I bECOBES °F ot
pass bandelgaiyomagostiaicouplingrbetviesrt iier mpwd, and dhtpuhilDTdelectrededymay trei di ng
a sound- absor hi n terial al.so between the first to the fourth refl ector
el ect rode%reé{ﬁa{etdﬂ@qgﬂ i Q%Qk‘tsyp?#;%ﬁ"\iﬁ?@??%ni ﬁﬁg'f"l‘%ﬂcg‘ ri"ﬁ‘ytb_r‘?eobfﬁir@gt i on
parallel to th\@etdﬂm@tm@rb,@&itwmaaatepaﬁquyiémgf@gsuﬁ&%gbttﬁn Rerial
unwanted refl ected waves at the end of the piezoelectric subsirate nmay be

further diwesadhardusttor thet fidx seflasiordeleatiodes abddhaand gicther piemgeleotrignot her
cshect o1 sUReell 559G dK9Bh ArhchiBhod SyRN U ooy OTINEL “BhhGAR T €2
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



i nput side of which being connected to the output side of said m xer, and
an anplifier the input side of which B8 ng connected to the output side of
said surface acoustic wave device, said surface acoust i3desenter deifi ce
further conprising a piezoelectric substrate, input and out put

i nterdigi r | ec rovi [ ' ecl.ni
substrat eéélaér? ntg @%g@?%ieu%%dﬁ%@%%é e&oél) wéeg%?%lﬁﬂn%? dgsrt%'lﬂ)(gegz;ﬁ? I'noﬁélgfoq‘gwtf ace
acousti c inerdigitat ¢rapadatéreklectrotier it ar mhaet auchethattit eefedds Alée dagfaie a
predet er mi ned di stance from Ea' i interdjigital transducer el ectrode

i d.jnput
toward safPUHEPHRVES trllegteds v&am?saé@ﬂ%%n@hc&rodamﬂ, PEpPAgateDiQ: sader
2004 Seco&ﬂpﬁﬁfihﬁé%g@ﬁa?'t JRE8 pél%&ﬂr&ﬁ’&', And? ' EME SR naecﬁ%@é aﬁ:ﬁfchf rom
sai d out put I nterdl gl ta transducer el ectrode in a manner suc t ha 1t
refl ects elhetrically agceneds andtgroumds esidrfarsl axed secdnd ssliedidriaisttradefsl @ad izr

el ectrode,and ates to sai output i.nterdigjtal transducer el ectrode,
and a cab(F'li,':’??ﬁpiJ gt%gg’??adéa\ﬂhi' i @PBCPP&%” e'ﬁ&ﬂﬁc%’@”%‘ﬁ@e@rﬁ@ﬁﬁgdg% d
first andyrgemgquefibeet)as sati§fdd:odes and is disposed between said input
and output interdigital ‘transducer el ectrodes, wherein Equation (1) is

satisfied: 2(0 - 5):5 tad®&-@EYLand(DA)E 2(659 5§1) wher g(1)0: angl e of
inclination in degrees (excluding zero degree) of said first or said second
reflector el ecttd relative to a plane perpendicular to the direction of
propagat i on @f a§le FGRcIMEAY lih SRS Xeludfid &P - i
el ectrodes; D: Ii%nt er-to-centler © |sta€1ce LE!?{ngjnzof %%@\%fgfﬁélagﬁm{sgﬁaalldnput
and out put | DTseangceflodios elacttode rglativetto @anplpee penpénditalar totHehdireltioact i on
of propagation of surf.ace acoustic waves: L. center-to-center distance in
mof ot oo BRPAELER P EiTane GrotHeiasac SHH) pHhgnenawput 1B
reduction in tdechuader of factors related to anplifier elenents, or a
reduction in the anplifier power dissipation thus providing superior cost
per f or mance. D3camieettheente0 distan@r inefimDefstbei widtrenobsaitHeplr avd ogutADF. 1 is
a top view of 'ealefs;ﬁ%cggsc fh %%Ogﬁéétf:onmggr%eggi\éhfa? t0'thé direction of propagation of

surface acoustic waves;
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.



first exenplary enbodi mrent of the present invention. 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 surface3dteoenier é00dave
device in a third exenplary enbodi ment of-the present invention. Fig. 3(b)
is a top view of a surface acoustic wave deyce in the third exenplary
enbodi ment of the present invention. Fig. 41s a top view of a surface
acoustic wave device in .a fourth exenplary enbodi nent of the present
invention. Fig. 5(a) is a top view of -a surface acoustic wave device in a
fifth exenplary enbodi nent . of. the present invention. Fi.g. 5(b) is.a top
view of .a surface acoustic wave device In the fifth exenplary
enbodi ment - of the present invention. Fig 6-is a top view of a surface

acousti c wave d I xth. e errbodl nent of.the present
; . \ E‘é?'i%% b p
i nvention. Fig. QSC%J‘B%NH St ?ﬁ ¥ acoustic wave deviece in a

sevent h exenpl ary enb8dgnehtisot W@evmvegém sum"ﬁem iconusFgwade idevace am @ ew

of 3 surface acausii Coibhpladp\dntBabieillorclidpheuMbaLycbodi ment of fhe
present i nventi on gg§ LS a . top view of a surface acoustic wave device -

in the eighth exenpl éntBaf FORt VY PRe? SMEERTHR SCAVENES BAVe Megicagni & a
top view of a s$efar@ excapiery emhvéinenti of the paesdnd Wnessiphary enbodi nent

of 1he present i nvent £9g. () e dlediovied 0P JsGMel. 85U TACK ACRURILO oV

i
device in a tent odi ment of esent ravent 0 2
is atop view of ghg’ffffr‘%é g%%’u?i“?‘&djﬁé\?@ %\Eh@epﬁﬁenﬁni’é‘r%\%ﬁ{lh exenpl ary
enbodi ment . of. the Pieseld)iimwventdponiewiod.a bdrtsca abolsticowa@f agvSdy igce
acoustic vave deybolixd eRuidill! Bysampheior eDOdiIERL Ol bhe,pr esent

invention. Fig. 14 is top,view o convent i on surface acoustic. wave
devi ce. 3 Decenber Oﬁﬁg'g DER @ {EBP i BYPYOPE 1h EupFatee ArRe tiepBRNdavice in a
Ref erri ng to-dr §aixigs exemplbagr eptodiment| of hhegbyeientel ®vén@ion .

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.



exenpl ary enbodi nents of the present invention. Exenplary Enbodi nent 1:
Fig. 1 is atop view of a surface acoustic wave device in a first

exenpl ary enbodi nent” of the present invention. In this Sdietarher 288ustic
wave device, an input IDT electrode 11 and an output |IDT electrode 12 are
provi ded on a piezoelectric substrate 10 pagallel to the main direction of
propagati on of surface acoustic waves (hereinafter referred to as
direction of propagation of surface acoustic waves ) in a manner such that
one of their ends overlap. The input IDT electrode 11 is so structured

that a plurality . trade fingers ljb on the positive el ectrode side

connected to a ?Jégbréglc% aogn%%grgggf{q%gmg?w%aé side and-a plurality

of el ectrode fingers Refgroma he: dregabgye acflestinipdeos iwd@l AN gecé ey ¢h

busbar 11c on tt@:@@qaﬁ\%bghﬁ%{tgdgfsglgepgé%dtn&gtgﬂ if,ated thus being
u

connected to input termnals 15a, 15b through the sbars 1l1a, iic. The
output IDT electrode 12 is so structured that a plurality of electrode

fingers 12b on tBxempdsiy iBwdoéimeaitr ode: si de connected to a busbar 12a on
el ectrode fingers 12d on

the positive el ectrodg,sgi n plural ity of Jl2d
the negative el ect rodglgf glgigo%n%gt‘édm?c?f %%gﬁﬁ‘? APUSHiF tREe (fiydepvin a
el ectrode side dr@stnt¥aplary sambgdinent ofethey Presmectiadeboicaut put termnal s
166, 16b through the hushiakSsiRRce ddstIdGadh dsstibs e Af 118 %F%Eé?ﬁreode

y the Sane

fingers lib, lid v 12d, ch that .they are of approxinate
length with a V\n'q&t %gg)aaﬁlpf’ 3%%&@%&@&35?‘1‘? 3217‘%9 Frorheed\abet atigeRebicuriic
surface acousti FUbfERRie bhparhlsied dwdthet mahed st iph be progaga fivhlod He-daput
| DT el ectrode Lkkoasthid WerauindteihiFed! ACA208 1227 & 2kt {ﬁ“:.{s el ect rtgge
611 ect OF “BFEEY PBdes

structure to proefvsentfaicnt er nal ir efl ection: Also, first'r
13 are provi ded %t STHEEHFOUSFLE HEVPR LR | DFeRISR FRERIEReE a9 ehdheidends

the output | DT €Veelspde 12 at a predetermned di stance fromthe input |IDT

el ectrode 11, while 3T1£E(iﬁ.ﬁ@€rID@0QLAec¥Qodelil is so structured that a plurality
of electrode fingers 11b on the positive electrode side connected
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, 15b through the bushars 11a,
llec, - o ' ST
- ~ 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,
12c. | -

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 ‘



second reflector electrodes 14 are provided at the end of the output EDT

el ectrode 12 on the side of the input IDT electrode 11 at a predeterm ned

di stance fromthe output EDT el ectrode 12. Furt hernor e} Deteier 2@ fi ngers

"13a and 14a are inclined so that the angle between a plane perpendi cul ar

to the direction of propagation of the surfmce acoustic waves and the

el ectrode fingers 13a, 14a is 25 or smaller. The first and, the second

reflector electrodes 13, 14 are nade by respectively disposing at the sane

pitch electrode fingers 13a, 14a having approximately the same w dth and

| ength, and have reél eﬂ]i on coefficient of approximtely unity.

Consequent |y, tITE R EF haT LOCOTECHEP AR bf 6 HIRE1E¢¢ 8t thePnseeb e oatbett or

el ectrodes 13, I2Ti gelectugkibyln quarht| eldgoa@nmhdUipher mBr @lebbfogaMidt B 9f

the first and s : t of. el r 1 14 in th di rection

per pendi cul ar t%g:tgﬁgtél rlg%t?i o&nlsglag%% ogf(a%g’g't i g}'ﬁe ofouttﬁ’gE SUF aBeedcslEti L2+

waves are nmade FYTHRerEgral eleckrodsy Einasrst Hnanha4awindt frsliined ve Sartethe

di rection of .t hanjp®Wetassh auilAE fé%eﬁéﬁﬁﬂquﬁstﬂelﬂiﬂgctiEgr&éﬁf%@gtiéxbe'
secorid

i nput and. out pyt. 1,DT el ectrodes 11; 12, and the first an

reflector: -el eCfrEife8itce apustic pgvap fndi theppleqtvofe Gngere 13a, 1da is

pi ezoel ectri c s@bsterasmallidot. hathesatrssf gndqhat sapnd(ddflebtér SUbEBERRCHYSTI C
wave devi ce havigpoatd lectric, si. | s,

i nputted from tgf i n ﬁl? é%’%rﬁ%ﬁ%%@llggfy aﬁ%@{%@?ﬁg tl%%p%%mc? Bfg(gﬁee&eﬂ‘)ﬁ%dil,-
surface acousti EXUERAE! 314 PBTERFARRRF O oM bR YT thespaneovididt and dbrgith.ogled
13, reflected bhavdeetléstsionrafdrettintebeapbppoleimatdly andtpr opatai@dnt oy | he

second refl ecto e e ' eque y ur face acoustic waves
reflected for {{?ﬁ% éﬁ%ﬁn%&t i%r?%éﬁ/uﬁa}?gggeggnggé ef f‘%‘tcltieogn&el T gdé??%t}ﬁc'é‘?’é
propagat ed to tRteHFCHEE 1DT ¢ det FoRRhly2 2agRareldiedagpan. aFurthersorputthe

termnals 16a, @Bithasoanctel ettst andi gnohd ter1ebber MREHSeadsN@8gN 4 ihethe

surface acousti t = p ' route, as the- fjirst and
second refl ect o?i%l@eegtg?og%e%g;;cigﬁg}% %?gigl‘ggérﬁﬁqgnr g?l B%‘fpagf"%éo%.u?é a%t?
acoustic waves THHPRaVEPPrIPAFACE P enPBeRy ot bre eRiplitto e PreRtex thda the and
propagate to theidiispin thEagketineodtorn 3f the Snpdtassd dGepsl THT WAKELHS L E
having a | ow i ngerthon loss and a flat '

Furthermore, the input and output IDT electrodes 11 .-. 12, and
the first and second reflector:electrodes 13, 14 are formed at
- . positions on the piezoelectric sSubstrate 10 that satisfy Equation
(1). P | |
In a surface acoustic wave device having the above st:_fucture,
when an electric signal is iﬁputfed from the input terminals 15a,
15b to the input IDT electré_de 11, surface acoustic waves are
propagated to the first reflector electrodes 13, reflected by the
first reflector electrodes 132, and propagated to trfe second reflector
electrodes 14. Subsequently, the surface acoustic waves reflected
for the second 'time bfr the seéond reflector electrodes 14 are
propag’dted to the output IDT eléctfode 12 and taken out at the oui:put
terminals 16a, 16b as an electric signal. In other words, though
-the surface accnist;[c 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.



pass band characteristic may be provided. 3 Decenber 2004 11 Exenpl ary
Enbodinent 2: Fig. 2 is atop view of a surface acoustic wave device in a
second exenpl ary enbodi nent of the present invention. SBMectmbeal004el enents
simlar to those in Fig. 1 are designated by the same reference nunerals
and description will be omtted. A descriptjjon will now be given on the
points of difference fromthe first exenplary enbodinent.. In this second
exenpl ary enbodi ment, sound-absorbing materials 17a, 17b are forned
respectively between an input |IDT electrode 11, a second reflector

el ectrode 14 and an end of a piezoelectric substrate 10, and between an
output IDT electrode 12, a first reflector electrode 13 and an end of the
pi ezoel ectri c s@betplairg HihodByefior m2ng t he sound-absorbing materials 17a,

L7, unwant ed refl eckiipnoofs SUELACACOUS! binellRVES e NERNUEAL LR

direction agat i on of pi ezoel ectric substrate 1
pr event ed t her EB ‘}deSF?’EH]ﬁg'Yae‘Ftl’oéjcmﬁ%E PiHihe pregprhanyspEiorn| e%’ftrruéﬂé’-‘al
fingers 13a, l4alefertiesinikir ref kth6éorin eliget 1 ogee Iiksandatdie bye&A80same

reflector electrg e%iaﬁlgnef%gcér[d %glfély tgggquﬁtlege Orrht thsbars 13b,. 13c,

14b, 14c; the bus connec With a cable run
el ectrode 18; and theP‘ G&gﬁ%%tioms%illlaewmgémeeﬂéw poinfroghdiifference
termnals 13f, #4ém tHee rabt eexén\ﬁlaeireﬁrhtfdﬂiﬂleﬂﬁ | SIPredMsdedestl tdx@mplary

pi ezoel ectric sglpé%{ﬂ%gt 10 é%%hgegtpsortb nr%ﬁ: T el gct raﬁl,glf 11 ra""ggf't%’:"]‘&ﬁan

output I DT electro | n a nmanner
t he wi dest port FoPStiveky bapigen andln@utpiﬁ'f 9tﬂptépéet1rlode§emnd r2fledkar | s,

the width of theldntsbassd ardkdlan ehlicos a%aezaa?rectbh@babytfdﬁetmr aﬁ‘@héﬂ&éé}g
shi el ding effect, ay qP‘rlgdl%\ienﬁléc %I e&;r% ner i, gffec%%rc‘?%’as geelt% g | nput

and output |1DT N us’ achrevi ng an
quantity of ou?n%ﬁ’fpﬁlé%tiéﬁma%‘t%awwtrﬁ‘érﬁﬂ .ary Enbodi nent 3: Fig. 3(a)

and (b) are top Vi ewByofofnisigh tRE GofOURISbELINRY Raterials 17a, 17b, unwanted
reflection of surface acoustic:waves at the ends in the direbtion
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.w1th.busbars 13b, 13¢, 14b, 1l4c; the busbars 13¢c, 14b are
electrically connected with a cablée run electrode 18; ahd the busbars
13b, l4c are connected to grounding terminals 13f, 14£, The cable
run electrode 18 is provided on the piezoslectric substrate 10 bé_tween
the input IDT electrode 11 and the output IDT electrode 12 in a 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 achieving 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.



device in a third exenplary enbodi nent of the prevent invention

Structural elenents simlar to those in Fig. 2 are designated by the sane
reference nunmeral s and description will be omtted. 3 Dédepdndrer 2834 12 The
poi nt of difference of the surface acoustic wave device of this third
exenpl ary enbodi nent fromthe surface acougjic. wave device of the second
exenpl ary enbodinent lies in the structure of the electrode fingers 11b,
11d, . 12b, 12d of the input and output IDT electrodes 11, 12; that is,
the width and | ayout of the electrode fingers lib, lid, 12b, 12d have been
changed so that the input and output |DT el ectrodes 11, 12 becone

uni directional . By erfpeoBAiRg of Wiisferenget of dhe; FIERLE CICAUS S £6 mwaye hieviieduced

by reducing di res:ttmistamrhosempmafﬁembamen%nér&mﬁwsdxl?;lc@'agc%é{?ﬂ?%alré

12. Wil e inser n uc en conpared w surface
acoustic wave a‘%\}’qgg cﬁs the %8%%&6‘&8?%@%%’%?%@8%&&#% thy s trpgiiney of
ei ther one of tthe elﬁnnmémfiogelpmﬂllbDIleJ @ebrddesf s idput dhd dutpet tonal ,
insertion | oss Jmy Lt h b Ie des

uni di r-ectional . Bytg?%éléj 2 efzh ?#?g%l aﬁhﬁgg%gng P?’Toglctg% e e%lfercdﬁggem
14 into pluralf3B9PFS Jé‘1‘?d néeRq Ag4 e We’t"hchmr@pé%tﬁh@é b Lepytypnd
el ectrode 18 aswpewrimeEegtrodeh)1and2 abedohe &ﬁﬂ&r&bﬂ&m@@nn%t érﬁ};ﬂo iHQ

busbars 13b, 146 ;LQ.L8SPESL '%%e@%f&?ﬂ%ﬁﬁgmgﬁ%gé ed]b?ir ren&cégg gg)f% tﬁp{éﬁy

of out-of-band attenuation’i
bef ore di vi si ortPSEolR\ide, inpuy @ﬁo‘t“@%ﬁ%’bleéecﬁe@aasel d2.t he nunber of

di vi si on increases, whelevidsbrefont hess ahlyebe rﬁé&u@é@%@ﬁd%ﬂ;&rﬁé%ﬁ@; RReMmade
smal | er thus r%%!‘k%%@%cbﬁ's Q:tlrg'&e{ ﬁ%sf e 0? {h%s"s%go% %ﬁeﬁn&)ﬁa aﬂ%ent ',Y, in

order to increase pass
i ncreasi ng t he Makinggiiber ‘PQ%SQf ithe j tnmte find aditeut hERT e@l@htmcletmel 12

reflectors di viieditedtdohsD, ibﬁezﬂfioﬁ%l’sgﬁaﬂqﬁeefdﬁrthﬁg realBed bf?nakfﬁ& BBLARMY

Enbodi ment 4: F tap surface acoustic wave device in a
fourth exenpl ar %g'é‘%"dc?% i 'ﬁr{egt: °“agr esent i nvention. Structural elenents

that are the sane asBYrﬂiS'edi-W Fhy £izstraddwesiogateddebion hdectrodes 13, 14
'into plural units and connecting 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



sanme reference nunerals and description will be omtted. The point of
difference of the surface acoustic wave device of this fourth exenplary
enbodi mrent fromthat of the third exenplary enbodi nent 3IResgnien28MHe
structure of the electrode fingers 13a, 14a of the first and the second
reflector electrodes 13, 14. Wiile the 3 Degenber 2004 13 el ectrode fingers
13a, 14a were of the sane shape and pitch in the third exenplary

enbodi nent, the first and second reflector electrodes 13a, 14a in the
fourth exenplary enbodi nent are formed by using electrode fingers 13a, 1l4a

having different .w her eby. changing the magnitude of reflection
(reflection coeffr c%eoﬁ : HNE 1| &ga “%ﬁ& 95 tBe sofg Shansnand éxrek tingphe

el ectrodes 13, mlr@yxmagmemgommlnt shetdithean®séenid ﬁfl@h%ﬁ@i&ft&‘ﬁ&égs
of the first angsseg r e f 14 in
a «fépq.n @ﬂe ef;JuQ‘rth L &gplg ucegjde ent rfa?blf ﬁﬁm@;ﬁﬁy “ﬁt‘f‘%ase

out - of - passband reflection efficiency hus- &
in the quantity ebpeirdediinggss daad %ﬁt@?&aﬂ i Lemynt ibd ey thdnebgradugihy

changi ng the -wi cﬂhhmaghemd?d’laﬂgtéfgeci:h&x Q@Siéﬂ%nféd&%&%léﬁ;@’ el8% iREEEL SE

wei ghting may behgreg 0 Vi di itr reflectlo
characteristic. Furt e's?rr%?degelgﬂn e%1;Lourjt°h 83%% %P &dl ment, "by.
changing the el ect ro‘ﬁ’eaﬁjﬂ@éﬂg meﬂ-ehtwﬁipItéelc@épﬁqgiqrhehawa@tthrmtibhenf the
el ectrode fingetsstl3ma l—éaof&cher&q@%tcﬁl 8idrogld e;p;; Yy fHe t%%ahgfd e

changing the p e refl IS case too

preferable to Q&Ié P?ésq} 2n % gga'i‘eecﬁgi‘a%%“% %ﬁe‘?‘a Ff’@th“Ex%'?ﬁﬂlafl? an
Enbodi ment 5: @creeea)iraﬁae(wmmi@wap onitees-pEsshasdirdtaesuattionst i ¢ wave
device-in a fifth exegfpltﬁéwag,r’rbgfllgﬁlahaﬁy téﬁ%n&ix?gs‘i‘:% J.r:léﬁ@i% 18&1 changin
Structural el engt ct{%da%en % g esig il by
the sane reference TUTerar & %%F%‘e?cﬁ"ﬁm%ﬁc ‘?T’ejd%‘t Hﬂ“ﬁg&en}aﬁewgsi@e

el ectrode fi nge¥hus| pEOviiiaghaxhitaary eraflestivlcharasibiistid. as el ect r ode
fingers 13a, 14a are FAbeNéfSRGaNeH tﬁ@fhhﬁtrpeﬁan l% an{bgq%erél}._’.%gbjf %ﬁ%’l&ﬂlg} he

si de of input Jol¥) % eI ect.rode J]% one_en

connected to busbars &%t‘)dé ABISTRELE ﬁ'%‘ils &P ‘6%@ e #gthof the élﬁﬁ'éfe’dteo a

| ength such t. hafd NILRS- 1§ﬁ0|114§§1he 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 designated'
by the same reference numerals and description will be omitted. -

In Fig. 5, electrode fingers 13d, 144 having the sa:ile width
and pitch as electrode fingers 13a, l4a are provided next to the comb
electrodes 13a, 1l4a on the side of input and output IDT electrodes
11, 12 with one end being connected to busbaﬁs 13c, 14b. The eomb
electrodes 13d, 14d are made to a length such that. the ehortest
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



di stance between the other ends of the conb el ectrodes 13d, 14d and the

I nput and out put IDT electrodes 11, 12 is not shorter than the shortest

di stance between the first and second reflector el ectrodéscent®r2004 and t he
i nput and output IDT electrodes 11, 12 in Fig. 3. By enploying this
structure, reflector electrodes' having higher reflection efficiency my
be formed in a limted space thus providing a surface acoustic wave device
having a filter waveform 3 EEcenber 2004 14 close to a rectangle, nanely,
a device having attenuation 'characteristic which is steep near the pass

band. I n the megnptine, as_ shown.in Fig by providing at the ends on
the side of theac{lr?ﬁﬁt “nd oﬁeﬁﬁ?nqqﬁT e‘Faé'}?t(LVod& fevice Bavinteattemiatiom

second reflect orChéIré@tqmaESC Micidisasteem nparatielpavktband.he el ectrode

fingers 11d, 12d, el egfrQdenddN9RES A3Gnoukd Vi ng dt h e qual to 1/8
of the wavel ength of surfacrcral acoustic wa?/esggn “\’Aﬁ g’nﬁ b'i’gtaﬁethe

el ectrode’ fing&Pgs 1%y thefide;gf theinpyteapg q}'épétérﬁébpédctmmm}ad 12 of
reflecti on may H:herﬂlevemha(teﬂ&@ﬂafwc)toam@dtf&i@s :53 £l @naln ﬁr@lié’.i’yi’ﬂﬁw

of a surface ac t I Xt y enbo nt o
present inventi gﬁé éSltCerc \3%%{%? %ﬁxg%%rréggé ]Izﬁat J;erc f’?‘ﬁ‘ﬁ%”%s“tgho%@ PAVIRG. .
5 are desi gnat e@ WAthRAvad el (& pEthgceaviedapytil gfaﬂmd‘fdesacomummdsl alk@
onitted. The pOItntwlﬁ.fcthIfdfsedS:EI‘tﬁG dllectRisS ExidbraXeip) 35y, qrm()dlzx'ﬁe%} ftE»qng
eyt o TPt R0 MRk od 8RB W bt 055" 12 Tho

are provided in the first and secon
el ectrode fingers 13e, 1l4e have the sane width and pitch as the el ectrode

fingers 13a,"’ 1Eaermldr§1rmnuw@méaed pext to-the conmb el ectrodes 13a, l4a

toward the ends of a ezgeil ect ic ubstrate 10 with one end being ‘
connected to busbars 130,  14c? ‘ﬂ?«f BT 2EP ATMSHLS vaYE, d@!é’ea#'e arade

to a |l ength such ‘f‘ﬁ‘aﬁ@%%ﬁoﬁ@‘@im&m stfartbe betseaenithenidbher sbdeefrdihe
conb el ect r odeseldents liat andthaRafhOindde1RIF94084 %%rdecsiﬁﬂ?éécf 8l&p0 1S

not shorter tha@a:&ehgeference numerals and description will be omitted.
) The po:.nt of difference of the sixth exemplary embodiment from
the fifth exemplary embodiment- lies in that electrode fingers 13e,
14e are provided in the first and second reflector electrodes 13,
" 14, |
The eléctrode fmgers 13e, 14e have the same width and pitch
as the electrode fingers 134, 14a and are provided next to the comb
electrodes 13a, 14a toward the ends of a piezoelectric substrate 10
with one end being connected to ‘busbars 13b, l4c. Also, the comb
‘electrodes 13e, 1l4e are made_to a length such that the shortest
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



shortest distance between the first and second reflector electrodes 13, 14
and an end' of the piezoelectric substrate 10 in Fig. S. By enploying this
structure, reflector electrodes having reflection effidilenagbeh2@Her t han
that of the first and second reflector electrodes 13, 14 as shown in Fig.
5 may be fornmed thus providing a surface ddoustic wave device having a
filter waveform closer to a rectangle. In this sixth exenplary enbodi nent,
too, as in the fifth exenplary enbodi nent, by providing at the ends of the
first and second reflector electrodes 13, 14 in parallel mﬁth t he

el ectrode finge o 0 el ectrode ers, 1 14g
having a w dth Eégﬁaﬁ% %ﬁggr@ ?ﬁ%gs%ljvésve ?%hSYL%Pf‘ﬁ'éjé: at Fe
and to whi ch en8Be sfavepengtdy eétqﬂb‘ﬁécﬁa@@ﬁslq@aveamd t8dvhitBeendbdaf ﬁmi)

14d, 14e are tOebe;t:@aenmtg@Qs wavapiwdi &f |1@6“1QB B, D4R QUENURI s pe
Exerrpl ary Enbodj nent .7 i ew of a surface acoustic wave

device in a sev%?ﬂeﬁtg%an‘ﬂﬁ'%we%rﬁ?ggf’ﬁﬁ“ BRY e PRRERERL i nvent i on.

Structural elenments that are the sane as those in Fig. 2 are designated by

the sanme refergngg, ggeénﬁjogmglpp dggcription will be omtted. The point of
difference fromthe surface acoustic wave device of the second exenplary
enbodi ment lies in tHHd9hAgE 8ftor Faan-ofaBsHsARY aneuetialwave 7devit@hin Whi | e

in the second esenpitarexempiiogienBodineatnsk 8he pibbag: FRTeMtdnS WREEcA Q4 ded

only at both . t e ti sur e acoustic -
waves of a pi ezoe|eg(@:?ri{hgtsu’{)st%{ri%gém%oa@&so ng gﬁ‘%r%aﬁ ‘{?Etcigf‘?'é?dsblﬂ‘e 17b
are formed in §He FeterpnRecREmsiadry anfb Geremimtion sulat be enigned. par al | el
to the direction of %@Rﬁﬁ.@'ﬁzl@dﬂffeﬁ:@h&@@@oﬂ%ﬁﬁSstu!c?.a&@‘égéueogictm(? device

pi ezoel ectric rate 10 t hat t bars 13b, 146 an

pi ezoel ectric s&iﬁ Pafe’T By Bﬁﬁ%yﬁnﬁ’ \‘ﬁ'ﬁ‘f gl"FUcf“hr"ehe FPREAt BF SO‘md‘“

reflection at takeoghéng fmeterielst R@api &Zwel editidiec isubsiter ateeot@ BRYMIIBTY

further pr eVentéﬁd)odEﬁi&Pﬂ)' 86 d=EBeg LR m§teriaEls Ower® %Q‘gvfd& o%l?r&: 4W2Rn

views of a Surfe c<“is in Qt"flStcllfréAQion of propagation of surface acoustic waves of
a piézoelectric substrate 10,. sound-abgsorbing materials 17a, 17b 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, 140 and
the piezoelectric substrate 10. '

By employing this structure, unwanted reflection at the end

faces of the piezoelectric substrate 10 may be further prevented

Exemplary Embodiment 8:

Fig. 8 and Fig. 9 are top views of a surface acoustlc wave
device in an eighth exemplary embod:l.ment of the present 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 eide, or
on the input and output sides are connected to grounding terminals
15¢, léc.

In the case of an unbalanced type, by connecting 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



device in an eighth exenplary enbodi nent of the present. invention. Wile
a bal anced-bal anced type surface acoustic wave device was used in the
first to seventh exenplary enbodi nents, the surface acoddiccanben2dfd devi ce
in the eighth exenplary enbodi ment is of unbal anced- bal anced type or

unbal anced- unbal anced type, where one of bukbars 11la, 1llc, 12a, 12c on
either the input side or the output side, or on the input and output sides
are connected to grounding termnals 150, 16c. In the case of an -

unbal anced type, by connecting busbars 11¢, 12a on the opposing sides of

t he i nput and out el ec es 11 12 to the grounding termnals 15c.
16¢ i npt hi s vvay% R %&Jﬁ‘& faf“%c?“t%itdelc%ﬁé@?t% %L’G' Lt e Re e apapat
and output |DT @h@cth@@éscm;naﬁﬂetwycb@mbamdenaﬂcb tihpuelaet metrmnem-pc
coupling bet me@lﬁ@@rdd’é@ufl aﬂﬁi Hgytﬂéuﬁréwggtegl %ﬁhg %q.‘%?l 12 my Y uant
passband “atT eRGAEY on.

prevented, thus providing a |largé quantit out-o
Al t hough not sh%ougﬁpi‘?ﬁ%daﬁ‘iﬂqﬂéﬁ%@the case of a

bal anced- unbal anced t ypghoubkenpt asnowhibeghdTeftting: afpiesl Go $n8 ch9P é{f ey of

a surface acoust,¢, Vg ni nth exenpl ary enbodi nent of the
present invention. a“g@erdﬁg ﬁér/léaﬁg é{r?%nts that are the sane as those in Fig.

2 are designated by the sane reference nunmer al s and description will be

omtted. Wile Eﬂexﬁﬁn&x@emiﬁg@ﬂpl aky enbodi ment connection of opposing

busbars Ila, 12c wt 12 gnd Qut pu terrr%nal s 15b, 16a was
performed with a sin egcag OR|BEF 3OS SPRTIHRe ARPRTHIC WRkefeyige in

enbodi nent, bot R e*eﬂtpﬁer:bwbaﬁ%nemtaof tRe pmedentenivaptiton.anskxaotpbdl
termnals 15, 161amt@oamca@a th tdamd 4£8RE64 unem@abb earer&&i%lnseéé %ge%gy
S
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|la, 12c may be reduc“@ti-leaﬁﬂ t"rli'é isesend | eﬁemnﬂ-ssymylbomemedmdection of
opposing busbars ila, 12c with the input and output terminals 15b,
1l6a was performed with a singie ‘cable run electrode, in the ninth
éxemplary embodiment, both ends ef the busbars 1la, 12c and the input
and output terminals 15, 16 are ‘connected with 4 respeccive eanle ’
m eie.ctrode. .

By connecting the busbars 1la, 125 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 connecting the
busbars 1llc, 12a to the input and output terminals 15a, 1éb; too,
the resistance loss in the busna;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 nave device, input and output IDT
-electrodes 21, 22 are formed on a piezoelectric substrace 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 so, by using plural cable run electrodes in connecting the busbars |1c,
12a to the input and output termnals 15a, .16b, too, the resistance |oss
in the busbars Ile, 12a may be reduced, and the insert Bdrectdss20tdy be
reduced. Exenplary Enbodiment 10: Fig. 11 is a top view of a surface
acoustic wave device in a tenth exenplary ®nhbodi ment of the present
invention. In this surface acoustic wave device, input and output |DT
el ectrodes 21, 22 are forned on a piezoelectric substrate 20 in parallel
with the direction of propagation of surface acoustic vv?\[/)_ers I|nta gangir_
such that the ver | e _of LL..&ends, . The input T el ectraode S
nmade by i nteréi 3¥t*§atb?’%893 ﬂp ﬁga'fﬁ{ﬁb%}&%%s?ﬁc&gog tPPotdd & BEALE LY rofie
fingers 21b confégteyeseienpersidetdertreds Binesarl Rdenmoteheopitbae
el ectrode side ané onpkmyg adé'bdaktieé e;[&&@-bﬂ aaeﬁﬁdee,Ctaﬁath‘igSg?g%efértggtelggidg%pu% .
fingers 21d con ted.to a n e negativ ,
is gonnect ed toglgﬁﬁllﬁalstzeral"ﬁ %EBSJ&%&‘? thbe- %’HF%?Egzﬁﬁe Y@sbars 21a, 21c. The
output | DT el'ectrode T® iositputleIRy dlecéraiegizRatisngade tyl unakidigiebepapidive
bosi 11 ve el ot oo or gt iy o cae SRR BARE 1 b Prhe Htins §28 Apbofea
ositive electrpde si and a rali :
gl ectrode fi nge?% az%gsﬁ?)ﬂ%g& 8‘8 t#’(? R° arele?%EO% sife 3pgat pluraditrtabhde
side, and is coht@atizd electuofeiside edpbtaice Omer2dldumegbed ke DUSHALS
22a, 22c. Each gic tdif @leCobhR66,d |é1_gg{,§0d%1.sgde‘2]&d %%bbogg?dctpa SE? output
approxi matel y tpe ane length, - a wdt apgrom mat el'y equa 8 e
wavel ength of sHFFARELE TRt FEP ERFRUTh e Brabsgsed?at 22Re sanme pitch.
Bot h..the input and tH&cbutqiut theDTe Bictrbdeodesngtins ZZ&Ear ahldsplmﬁg,e:c_&gt [mnfi
havi ng a struct L OmpE he | " DAl gthef 4 €A kLR NppEdL S Ner por e st
t hi rdgref | ect orét&?:oct rod&\gegf 25 ar%{g pro%/s{}ed o "6t A ;{sg‘{eggse‘malt }L‘l% J]/a ut
| DT el ect rode Zolee itﬁet‘ﬁ'é’egf”f‘%?ti off SHrEprRpeYRtiienwatessupth ddspendsat dhsaves
at a predet er nm $fe pigihandothf tlemithe: an@the lokitpet aotrradetrddesand, 8GR0

and f OUEI_'IC:)ER_ ref | f40tiere1Rhe6hd LT it a s%@u@'flﬁ'ep{;cp Ekg&eqltofntbe%%pxl Sriegfgcgifont.he
out put :

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 predétemined distance frg'm 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
reflector électrodes 23, 24, 25, 26 are roughly a parallelogram.. 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



el ectrode 22 in the direction of propagation of surface acoustic waves at
a predeterm ned distance fromthe output IDT el ectrode 22. Furthernore,

el ectrode fingers 23a, 24a, 25a, 26a -of the. reflectopP Recarderdfds are
Inclined in a manner such that-the angle H_rned by a plane perpendi cul ar
to the direction of propagation of surface acoustic waves of the input and
output IDT electrodes 21, 22 and the electrode fingers 23a, 24a, 25a, 26a
is equal to or smaller than 25 . The first to the fourth reflector

el ectrodes 23; 24, 25, 26 are made by respectively disposing the el ectrode
fingers 23a. D4&E thzwpuzewdhwtm:g Hhebedtraties mt,haa $AheWMdllehaardthemgt h

th tch t fi G S oxi nat el unlty
énseguzzgﬁy, p![ heﬁg:x'?ie%ng?ﬁc%ﬁeﬁﬁr g??&?llgg% 4 ‘& | rézt I]?ngiﬁ%tq%gﬁ?t%

reflector el ect FBY&der8irssto SBe Togreh é‘eﬁb%@ﬂlyehewpaeab Sdogtanes, 24l a;:oe

the widths of therddd sh & iteheelsutrtib ﬁtﬂfslt@ﬁ%@rz@'&cbém%ng?’th%ﬁsa v 26
in the directiog @@fi@ﬁn )cul ar to the direction of propagation Yce
acoustic waves are e t'o or greater-than the widths 3 Decenber- 2004 18

of the input and out nl@Teé?fé@tlﬁcﬂiesgaMLs 2plijedt tretbampdt TPTidieBtrodéet

furthernore, the1idmput s@fﬁc@ua@wstliQTw@Jee%wé’&%aviﬁ% tl}ez %bog‘é‘dsttrﬂétxﬁ:':é St
to the fourth r'gfe%tor gtrodes 23, 24 0 ark
pi ezoel ectric subetiat &oBF AP FOEF: FonPTORAFAES ter fhe Hiaati antt the. thirsh an

el ectric signal *¢leghpt ieddctooddse2d n@st, réfleetedtvndte Pirs@f ang el ACA-a

t wave et thRs2BPVe St et L ri agoust es
Z?gu;regagat eddfl(é . latgta{]hge thﬁe) tr?l rd tp ??e%at%lrd ? ‘?1[ r% &g ‘iz§ X‘%

refl ected by the ufr}cpsfe tf’ﬁe elpgtpd eFe\aFec?%-r clubseaveRtdly23 the s sunfate
propagated to t#mousttondvendefiectddfivt thecféRaidotiml 6¢t 6R088cAE aR8 the

Subsequent |y, tﬂﬁ:r%wzfeefiect&cgyééér%a&@‘ﬁs ieeé %%ggagor tg 5;‘303,&8{1%3%0 y

the second and the. fourth reflector el'etrto
the output | DT ®XECEEPISHAE 2na ARken QuEnapHan a%ecf&ﬁcesimarlu €rei (phe| ovtmorh t he

out put terni naesm28als 298, ZBvat Tt 1He ﬁleréta&%cacaé&dt&c\/\ﬁé&?e% i:éié@ 1440
routes of pr OD%QEEQ%“E Pedpasiapsd. rf lé&lgpg({ rbile %lfelcl;'lr geectzrjéde 21 first
reflector electrode 23 second reflector electrode 24 outpu_t IDT
electi:ode 22, and a reversed Z-shaped route of input IDT eiectro_de
21 third reflector electrode‘_zs fourt_h reflector elec_tfode 26
. output IDT electrode 22. Coneeéuently, 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



reflector electrode 23 second reflector electrode 24 output IDT electrode
22, and a reversed Z-shaped route of input IDT electrode 21 third
reflector electrode 25 fourth reflector el ectrode 26 oufpeteniteii2@Kect r ode
22. Consequently, as bi-directional surface acoustic waves that propagate
in the input IDT electrode 21 can be efficigently propagated to the out put
| DT el ectrode 22, insertion |loss may be further reduced when conpared with
the surface acoustic wave device described in the first exenplary

enbodi nent. Yet furthernore, the busbar 23c of the first reflector

el ectrode 23 an% E{gﬁmma a 256 of thebth ird rgflector el ectrode 25, and
the busbar 24b &F JESHY r ePPdPer PRTEE 588 2BPUN ¢THTh Sy 4P UL BT of
the fourth refl @dpotraiescet ok 28datrecrehetny itbal tyarodnpect ett - v ighssband
respective cabl g+gef, R84t rodes 30a, 30b, and the busbars 23b, 24c, 25b,

26c are grounded to grounding term nals 23d, 24d, 25d, 26d. These cable
run el ectrodes 30a, 3'5‘b°"zﬂhet€‘1" G AE D EPSFHTE N FSERPROT SRePtoRap®t2Y.DF4 -
el ectrodes 21, 28, @n rdycbepianneiteditoi thesythshdbicet@hinaddaiith anahbye chbee

cabl'e run el cot hgfeg o0 Al B bukadl AR gy SRy} Nele they, have

width greater t est  portion, i. ars
22c of the i npui?rﬁ?ﬂfa@&?p‘iﬂC‘PIB‘PCéI%f#ﬁf@§ef29°t%291%m0éb>23fmhm third

elnhanC| ng shi el deflpatiokesiedtetae 25" &V ebth 2gads Becg{d)ﬂﬁp@@ﬂ'r Jas.ecfrode. 21,
eectrorragnetlc u { T .an utput IDI. e t

21, 22 and.i ncreg‘gl gllgljé nﬁl% %%9?ép° erl%%rt%tp a%sbaél(rglid St FRRTHY ik %ie ﬁ%ﬁgh
the first to thelegksodr F@f?‘bd’to@fﬂ éL&rs odd&he 2‘81tP221 IDDRlepbrofgey 28e with

connect ed to theegiatade Ngeratalib AdbleWil edesSttdes SN Sob ld4Na6LAAHEAMEN |

order to obtainy m o (21 s&g@q_agg q{}bo(a?_%ené is preferable to connect the

first reflector ectrode . reflector electrode 25 on both
sides of the i nput | O er&tiitiofe 2%, isapaeferabini te sepiratedy oreend otle 24
and the fourth geddrsiahgreeralinsis ade, 26aprnbcine gidRI1Rd tebeL P, BHa.

el ved ta the'y oI ESEIRR RSB N ok BEA  pl Sngi et
to separately gp%ﬁgtgtﬁ'eIDT e ectrodes 21, 22 in between are of the same structure

- Namely, the first refle.ctor_ electrode 23 and the third reflectoxr
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 :Ln"tl.le 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



grounding termnals 23d, 25d, and the grounding term nals 24d, .26d. The
reflector el ectrodes to be provided with the input and the out put | DT

‘el ectrodes 21 ; 22.n between are of the same struct ure3 Dergapst 3004t he first
reflector electrode 23 and the third reflector electrode 25 are of the
sanme structure, and the second reflector ettectrode 24 and the fourth
reflector electrode 26 are of the sane structure. Also, as shown in the
fourth' exenplary enbodiment, by naking the first reflector el ectrode 23
and the second reflector electrode 24 different in structure such as by

changi ng wi dth f..the el ect rode_fingers 23a, 24a as
shown in the fofgﬁﬁﬁiggle l rlgllglggrfbg ltl fwav? P 55935 gPe"?l Feckapgilgmay be
wei ghting to thé& t?’é?qdect‘flﬁﬁ‘ c‘?h?-'a%tléﬁhstaltcﬂm‘ endreof aj‘hleef:il&rt ©) eBd redeshas
shown in the fmuflébiﬁxeélldoa:ﬁ:ﬁd@ﬁbgdlzrmnﬁs ssband
reflection efflié@%&ées”gi agd I ncrease’ ?@g%g%gﬁtt?lfgym r[%iag'ftpﬁ%sg%rﬁnd
attenuation. Sane s i RRTHe bR etitfe Sdprivaties |fl‘it1$191tso 2ifie math
exenpl ary enbodPFrE‘h‘t@dﬁa@u-mrsdlaﬁog a hedﬂueinﬁﬁ@;meuﬁ Quiue dRY icgernof
the tenth exemplaryidgendicBateadduihke: OYapLoVhdidpel 6t 1008, Linders

havi ng the sane PItCh wi dth, and g I nclna
fingers 23a, 245PHEX 2Hpa23 £AR- R arettp Paconpestad. umﬁdne:eﬂmefelaet:tdmdes

23, 24, 25,, 26martbeshoeteamtedn | ength at the ends of the first to the

fourth reflector el eqil{rqggﬁ“ 2 war d uf .and -ou ut I'DT

el ectrodes 21,. __F descri &% ém%%l%?ﬁég 'Be(ce’r%o ?’t?g'g%iﬂ? é’%@

embodi ment, a ff V\% 5Pﬁ?cq16‘§%r? Snathe@idaglef Fhy Herstobe a:hleeﬂouﬁ%irso

by providing atXefectndsiefttdiesfdy,sia .t 2st be thabrd Bnas ofl @gt e&h@&é{ﬂ%es
N

23, 24, 25, 26 a IDT | trod 1 '
éma:gt%gg h%ﬁgghgﬁgiﬁeﬂ%%’t G ra%g ‘H’) 2 gt haf)‘Pﬁ‘E}eés

paral | eI to the_ el ect
wi dt h appr oxi mafeFgY e&ﬁ‘é‘fe’iﬁ 8 eAY 'P?lébt%\?dKFél ehprevisting yeat eodc Sl dre

waves to which @hdﬁs’tbfsitdlee el ectrode - fingers 23b, 23d, 24b, 24d are to be
connect ed, unwanted rﬁf{@gb PLEVENLED Furt h simlar

effect may be obtaine Er%\% g@@é’r&%dr# t% éﬁ‘em(?tlﬁﬁee“f °n8‘€?“st-oﬂ1‘f1}?élg§1| des
8 ?Rzﬁﬂr% g materials 27a,, 27b are formed at the ends of the

of the first t&%
pilezoelectric substrate 20 in the direction of propagation of surface ’
acoustic waves of the input and output IDT electrodes 21, 22, unwanted
_ reflect:.on at the end faces of the plezoelectric substrate 20 may
be further prevented by also formlng at the ends parallel ‘to the
. direction of propagation of surface acoustic - waves of the
piezoelectric substrate 20. '
Also, while the above- described surface acoustic wave C{evice
-1s 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 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 21 » 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:



reflector electrodes 23, 24, 25, 26 toward ends of the piezoelectric
substrate 20 as was shown in the sixth exenplary enbodi nent. Needless .to
say, better effect may be obtained by providing el ectroddetérmize?®@4 on both
sides. In the above described tenth exenplary enbodi nent, although

sound- absorbing materials 27a, 2.7b are formgd at the ends of the

pi ezoel ectric substrate 20 in the direction of propagation of surface
acoustic waves of the input and output |IDT el ectrodes 21, 22, unwanted
reflection at the end faces of the piezoelectric substrate 20 may be

further-prevented by ggrm ng at the ends parallel to the direction of
propagation of- surface gdC st & kav eslewt of He supfegmarceestic veubstavate 2.

Al so, while the ahovievdesiordxeadlsty eRBEIAROYSHE CHARYEARN GEvertSoRl @

bal anced- bal anced typeg, i h of an unbal a ced bal anced,
unbal anced- unbal anced, nortlﬂ Eé’tl %n%ggguncﬁurgancé”c?vfyg Vicey 3Uput)Rhd utpuE FiT

connect the oppoStHFi9Genats 2t are)aretidede onnpupiesveleottfmutsubBErate 40
el ectrodes 21, Zﬁa:tealbmetcgltﬁwnilr@gticﬁ{ BE o agtildh e @'Hf:facé hough tch‘g v o

connecti-on betwe shars 253 of the input. and
| DT el ect rodes 2%% %‘23 ﬁ{?&? &fﬁgﬁgﬁfd’v&fﬁﬁﬁf‘i{ﬂéﬁﬁflﬁ’éﬂ‘ ge ,tOEQéBPErQﬁme
with a single caﬁT gn pgkwesnect r ode, by connecting the busbars 210, 22a and

t he i nput and out put 1hel Thpdt S1pBb) e28Rodd t{)leplr e&é(lggd nterr&i%legct rodes

resi st ance Ioss busbars 21c, 22a mm us 1o
i nsertion |oss. ?téif %ﬁ}&ﬂ’l thedn ﬁffgeegcﬁd’emeutheoeaﬂezlomtge mQSiisnee

top view of a SLﬁ‘:’fe&G@@%@aen@@taﬂam albuslee kha oantied guem;tveexmaﬂ:eay side

enbodi ment of t fh&m@ﬁ@iﬁﬂ&liﬁ}vsflfell@&rdd& £Ngers Lh&“d%?tﬁ‘&%':ﬂﬁ& Io%z‘l\.([)i@e] ol at V' %L

t and out put Iectrodes re provided o pi ezoel ecC
!szggt rate 48 Iopar éﬁQI SPREHY &?t F‘OH“%? pﬁéﬁa@fetqbﬁnsoﬁieﬁftéeenmuw c

waves and in a%ﬁé‘?d%«umerhbx bediayg ovenéatpdnicbhiapdi fidimisdleciny, 400

el ectrode 47 inhioty®aihe BlSndaPUla] Uhce! ect rode 41 is made by

interdigitatin a -
g g. The output IDT electrode_42 is made by interdigitating a

plurality of electrode fingers:42b on the side of the bositive
electrode connected to-a busbar ‘42a on the.positiv-'e electrode 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. .

Each of the electrode fingers 41b, 414, 42b,. 42(1 hes
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'reflector-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



plurality of electrode fingers 41b on the side of the positive electrode

d lurality
connected to a busbar 4la on the positive el ectrode si g
of electrode fingers 41d on the side of the negative ?P@P‘?‘%ﬁé (pgnnect ed

' [ t her eby bei ng
to a busbar 41c on the side of the negative electrode,
connected to input termnals 49a.' 49b thr&égh the busbars 4l1a, 41c. The

' ' I gi ' lurality of
output IDT electrode.42 is made by interdigitating a p
elegtrode fingers:42b on the side of the positive electrode connected to,a
bi sbai 7: 42a on the positive electrode side and a plurality of el ectrode

e [ I connected to a busbar
e e e st e PGB PR R e

i nput termnals %‘f)t‘)"a the IR YRR AR P W EDT sRectrigdel 4f, 4Zhend the
el ectrode fi ngeresleﬂmdeﬂiﬂnged:%bﬁaﬂdahaﬁa MHY OX BB LY o&%aﬁﬁgﬁé; gu ace
with a width app=exi @Eﬁéki@g'ﬂaﬂo HPe fgi{n.ath r?Hl?]e t\gﬁ'\é‘gﬁ%g%‘)?% 4Pnpﬁ§t- 4hd46

nd S ose at the sane
gﬁ? Eﬁ% ! fD#la\e/FZc?lrso Sﬂ%j&ﬁe"%ﬁpﬁl‘@l ekaqtodde flhtdrd a3st LUEE UEE, 46a

prevent i nter nahavieg lapptoximatEly She afafke tWalakH arn%.fié?fbté:ﬁrate{l?ects%:ﬁgsgt&Ba{;éS
of * bropagati on Sobae g Keredth AdMeL PRUE ofohafag Betuinens tanisddd s ase e

tion the Surface ac
19 ]; omp'[ ﬁgalgﬁplut? el ctlis od@fé?tctjs@coﬁ@emlfe@m thsr e&ﬂ:mmbmmatﬁlyectumdfs

t
44, 46 are provicdese@rnbdy) Sedoataf dbh?iéﬁﬂéﬁﬂ&n'dzrthglE%%é’ g éE%' £l 'QQI
di tion of pr sfc t waves t he ou
el ectrode 42 f 959%?‘%‘*3&1?%%5’% AL R T R S RIS LY Mm.n ﬁg r
In addition, el &8¢ dgdthsiafgehe fAzgt tojthe £48uth 488lacior arddtiedes maﬁ m
such that the angl définrtiRodfroreenperpR@duda: by tﬁeﬁkég&#%%f%e&d:?%é? {a

the direction ofg Q%Q&%%?Béé’gc%saé;”wa%%glg%fe?%%é' 1?:1 %\g\éggagghthm‘ahe #wEdths16a
?g t gubaFDtToegfci’Er%PEZ%m‘Pr@r?ezsim OEdfdte biputhend puigtutt DT bRedtawibh 416f42Ct Or
el ec;q rodes 43, 44, 431546 theSinpadenoudhiP et RIEESRRGI1VE L] £ dt’E Q0 rst
fingers 43a, 44g, tﬁéafou%(éﬁ 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



havi ng approxi mately the same width and I ength at the sane pitch and
connecting to each respective grounding termnals 43d, 44d, 45d, 46d.

Al so, the reflection coefficient is approxinately unlty3[k€§ﬁ§@aﬁﬁntly, t he
outer configuration of the first to the fourth reflector electrodes 43,

44, 45, 46 is roughly a parallelogram Also23 the widths of the first to
the fourth reflector electrodes 43, 44, 45, 46 in the direction
perpendi cul ar to the direction of propagation of the surface acoustic
waves are -equal to or greater than the widths in the sane direction of

the input and o o] e i nput rand out | DT
el ec!trgges 41, Zgrp‘é%ﬁé%&gfﬁgslt ggtsloé'glﬁte% A{hﬁa F"?—ﬁ‘f e EPEPM LS cf 44 b43t

44, 45, 46 are fOTATEASORL e opfeslodiesBindls S0BstTC ¢hadOugt opesiohé OFFS drkat
satisfy EquatIOI’Ec(lZ))wa.pPg fpri)baga@‘ohegéwesel ectrode 47 provided between the

i nput and 'output ED es 4 a plurality of electrode
fingers 47a having t-r%é' ﬁé:ggﬁng%\*P?ﬁl‘é‘éﬁ?dBf“t hE}Fstorridecsep edesinside

el ectrically corffectaagond Itﬁiéb‘atcsr 4¥é5tobde  44anduthet abecd Teatieodé agefcﬁlte‘}]-b,
41d, 42b, 42d 0fsdcbﬁd'i%pt'lt1e %ﬂgu@lib@%legpgocfé @f’t r RSy ?‘%flec%ﬁ 35?[3 I %%d

in paraIIeI wth h fin ers a resu
configuration of e?‘é‘?’T%tﬁt rode éét r%@“ﬂ?“@le‘aﬁr@@t@@@e I‘tmird

addition, the | eﬁgtlhe nnpmhenmeaeotmm of pfﬂﬂagfﬁfu.eﬂtoxofelééﬂ'zfoa%%s?m%%tthc
waves of the fi fﬂe@lé@éoxeglﬁ é%hgc‘lt?r OqE%u?Zl% he%ler.ratotr ]Zg%rSB% %&?r I:O%fput IDT

than the length in the same direction o
el ectrodes 41, F3ectrodeeipraptenandfioygth 4sahe -'UFPUEOIDT et¢ainwde| Udsesthira

the ends of therpfieorireciebtraisbsutr at @ideh i feriBetodi J10GEESEL Of7 PT %ggél on:
of surface acou nput,. a DI el ectrodes

are respectivel 3%%e%?o\ré?%lﬁqﬁft#&;%ﬁ%ecﬁutgugquﬁﬁSEﬁm‘ﬁ 4% BPVhenafetaling aur,
resul t, the fifPROPRFGEEERO¥OUtESect rode 47 works al so as a shiel ding

el ect r ode t her eby preﬂ@d&rldﬂﬂgly€| ea&rw&ae&&eoﬁgyplgmal?@”&%% tﬂ? 'JQQ#E
41, 42. 1n.a surface_acoustic wave eV|ce 0

and output |1DT

the above struc?Lg‘ggaq; ﬂ SRR BP SBRBF FPTaRlePEe dlspERapiiclenplyt ed
to the input tePﬁ?m@eﬂ%p thepoutput IREcHestacdd e, olhpattibar b nay 508,
50b through anyfeihedf rédifRed 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 f:lngers 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 43&, 44a,
45a, 46a of the first to the fourth reflector electrodes 43, 44, 45,



foll owi ng propagation routes. First is the input IDT electrode 41 first

44 o | DT el ectrode
tor electrode 43 second reflector el ectrode
Lgflgﬁte' second is the input IDT electrode- 41 third SEEPEQFB? ﬁlegtrcge
45 fourth reflector electrode 46 output IDT electrode 42 route; tf:r o
the input 1DT electrode 41 first reflector étectrode 43 fifth ée 420 or
electrode 4.7 fourth reflector el ectrode 4ﬁ.03tputf:thoflgfégorgde 4;
nd fourth is the input IDT electrode 41 thir refle
?ifth reflector electrode 47 second reflector electrode 44 output |DT

oo ot aaay e but stk ken ihotthgh WAER bRE, LOILEP kh ARERY SeR% ey S

tional ustj c waves . propagati ng
2: eg!t ;ggel 21 are ef ft?gfseent4ﬁy ‘Eﬁ Sbablt £d4Teb ’%Dhgh%tﬁﬂﬁﬁthlﬂa"fled:mn eddetdes

insertion | oss il W, 4iur tieas rcmiueeﬂemhﬁntﬁ@rﬂlﬁklﬁde;&@m% Takys H@H?Lﬁ%ﬁ
acoustic wave deMir¢8ce dGS%s g%’?gqa'@ eYice, ! exen?ﬁﬁ{%‘ UﬁY?ﬁﬁm| plose to a

trodes pr
RSP A AT IR UV AL ecscHhatiay bs.ovkBendd b3t

reflector elect mdeidﬁlgaaﬁnﬂee él@crtgoa@%h&%&fox?'tﬁ&ts 8?% tgﬁhf#eﬁ;te?q,e ot

structure, and c e] ectrode
el ectrode 46 havtégﬁtﬁg Igerz%q'rreecg éteﬁi:’é R 43: ‘b'y 4ﬁakf"ﬁgtqwds@m ustduE ehet he

first reflector PéFé%‘%]r%é“iQSS‘@ha‘tﬁ:etenw de arast BRbwOT 1 haes @g R0 é:@n#pﬁﬁ%-g

el ectrode 44 by esbadgichg. fﬂéetﬁ.éégptg1s%§]uretb\#tg§£ ngecs: leaSt St fdiained by

el ectrode fi ngeégmgg@i fa as ge - z!?étb :lsite f Fhe
bé assi ﬁea :H‘? t AteFErAs tingsTe ey r4 sc 0
\rNZ:‘ ?22{ 2? 2? th r odes %htﬂse abmmeswg'ibeueDsiv-emaﬁ%h&ﬁﬂl&r%fén@@&ir%hteqltﬁbﬁ y

and increasing bbend-Guastbing Abhcotiana! 2625 RANGLS tftoe”“ ta'fg% Ao RE Sy

th to the tenth
EZI ga:g E)Eet ﬁgogﬁ? Z%g *ézcoug‘ftfsm\ﬁ?/é d'@\ﬂh@éiirGPt%%O%thimemshafg{ce

nmbodi ment . Nan®fSrstig wswes iodithg imput rddatpinger éléaf‘tloﬁlstlb]e 453aRBwRLi&d.
\?VI d'?hI and angl eefffecitOéh | dtAkhe NerS £AHES %Eefﬁ ngﬁgelg%grfc g§%4aﬁ:% 404maay

46a of the firsg,tQ the. fporuervtexrlltéde fblyegtsoor forming at the ends paraliel 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



3 Decenber 2004 24 46 but shorter in length at the ends toward the input
and output IDT electrodes 41, 42 of the first to the fourth refl ector

el ectrodes 43, 44, 45, 46 as described in the fifth exéfsrarier &Modi nent ,
a surface acoustic wave device having a filter waveformclose to a
rectangl e may be obtained. Also, simlar effgct nmay be obtained by
providing simlar electrode fingers on the sides of the first to the
fourth reflector el ectrodes 43, 44, 45, 46 toward an end of the
piezoelectric substrate 40 as 'was shown in the sixth exenplary

enbodi nent . say, . bet fect be obtai ned by providing
simlar elect ro%J %?: fs’ﬁ%%rssm%fnb hf%ve s e t‘%@ metevbratdonriaidd sl dafdnell
exenpl ary enbodiaferhe aRtiouptwesnubige absithbblﬂgaﬂaémdt&bae@ﬁage%l&nar €he

formed at the enggepieidd@rodd eglq@leecgﬁé&e Ssubsgt Egtg f_JO |n tFe d| ectlon of
propagati on of surfflace acqustic waves of the input T ol

el ect rodes 41, BRR Qﬂflﬁ”(ﬁmlcécf’ffoﬁu%ﬁacﬁhécelﬁﬁj:iﬁaweseﬁ)faq heall as the

pi ezoel ectric sdieepemtmréoclrayactbeiéumt BQrwﬂ&eH@rﬁe%@rmecﬁllﬁgei"or mng at the
of surface, acoustic waves .

ends parallel to the a
of the piezoelectric su t a}glgan%ngﬁﬁ%% S ?1’°é‘ EREraghBtEs et thedirst
surface acousti ¢® %‘?fétod'eﬂ-%@mdpg BY. 23pat hrraddthat afictie tagpendi refillaet6ase

f bal @élbetdesd nizad ced
of an unbal ance eda, 24y ﬁ&%@iﬂ@bﬁé ﬁﬂ@&ﬂm@ﬁwﬁﬁ%ﬁ}cﬁ%z%%%gkﬁﬁ

type, it is pgefel 0 SI ng busbars

i nput and out put ?D%% ec??%dgg 4%4 ﬁe YFGRAGP AFOUSELS Have device
Furthernore, thBa%Pe e Wﬁe@ﬂlﬁ@‘ﬁit}beﬁﬁlm -~pRepdrsbbad sattimuatdde, md? ape 42C
of the input andbtmhput. | DT el ectrodes 41, 42 and the input and out put

term nals 49a, 49b, 50a don ith a single .cable run el ectrode, by
connecting the busbars )ngﬁﬁe ﬁ \Aglﬁctnﬁnﬁugﬁferaitﬁﬁuiwan%o'OLﬁOquingle
term nal s 49a, 45% ﬂéoa“b%teﬁ {of EP'P}F &rystab| difam. dlidbo; @deshe KL SiAACE
| 0ss in the buseksplkoyédia, 4lc 42a, 420 may pbe reduced, thus ] owering the

[ poertion Loss. NoW 2 BEPSRLNLED el SpMENS1 LD, POl L comon (0
netal i zati on ra??0§h6ffitrﬁ§ o Fbe fifth hefledtdr electrodes 13, 14, 23, 24, 25,
26, 43, 44, 45, 46, 47, and the cable un electrodes ls, 30a, 30b
are fermed by using a metal having aluminum as the ma:Ln constituent.

{5) The structures of the input IDT electrodes 11, 21 41

_ and the output IDT electrodes 12; 22, 42 nmay be different but size
reduction of surface acoustic wave devices may be easier when thelr
sizes are similar. .

(6) By making the tiridi:hs_ in the direction perpendioular to
the direction of propagation of surface acoustic waves of the first
_to the fifth reflector electrodes 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



reflector electrodes 13, 14, 23, 24, 25, 26, 43, 44, 45,. 46, 47 to wthin

. R |
the range 0.45 to 0.75, surface acoustic waves nay be efficient
refl ect gd and hence niniaturization of reflector 3 Deceﬁ@éFeWOZfO(éS

rodes may be achieved. Here, the netalzation ratio is defined as the .
reiatte?; bet weenyt he width of an el ectrode fi ngér and the inter-electrode o
finger space. It is a factor that affects the reflection efficiency of
surface acoustic waves as well as the tenperature characteristic as wll
be described later. (2) By changing the reflection characteristic of the
first reflectortl§l egdy 9fesha PiezgelerFrandsulisatratds tlhe mecand refl ector

el ectrodes 14, 24, 44 by sghangdiend, the v dhhoangd QJ:&EPPF xe%f};)lgr\t‘}g eﬁé\)e;?%r@?lgg,

' f acoust c-wa
Lgcgﬁgsalﬁg’r ;%ﬁ%ﬁfﬁ%@gfgl}aﬁ%ﬁg@é&§§%Sﬁg[e§€§c§i@gau,th waye e idibtciioedl
(3) As the pi ezedketrades, sutophgat 2m dfficlz_eﬁcfrﬁf @E@Q&l:@ag%g%%t‘gggeiﬁ é?t es
i j . . - < e.e Q . 22, ,
The. Cnput and- ogr har el e bR, ahlfsredeKSndY, 51600 en 1, opneod Eheh
refl ector el ect FBgRCoMparad with phe Pirspmxerdlanl4mBsdinkat.47, and the

cable run el ectrodes 18,18Pa, 30ky ﬁ’fo@riﬁ%@‘%ﬂeba/abliéiﬂg# g%%%&ldegflv4’ggoa'

' th ' ngtituent. (5) The structures I npu ,
ol et rodes 11, 310 H{ER ko WiE R sin HRe o anepEraiascaty ieastotm the apapoing
di fferent, but @PlzféiomSe@RI@pborth@fir&umtfameowmusmmeweo&@é/u@,eSm_r,fBg}i,E@z,
easi er when theit, 438i Z@Se R roh&ddedlic C{OQ)IQ? 10T Ao @eix%ufqt%tsﬁ?éﬁgitt IeDT

' ti ' t the direction of propagation-o
acoust o waves SFSTHOaet | FSURRSeBREAt | M. 1B # G eBFez modesurBhed die 23,
24, 25, 26, 43,imgroved dygfwatioy tieanabiwsen efletheodespld, 864, @UBI%M%%
el ectrodes 11, d2.posdibred2, 41, 42, the reflection efficiency of surface

' e ipproved. (7) Insertion |loss may be nmade snal |l er by
ﬁ;ﬁrﬁél 1(-_: h\é\/aves ey b, HT:B ngen) using rock crystal as the piezoelectric

substrates 10, 20, 40, the temperature characteristic (frequency
drift) assumes a second-orde_xr_cﬁrve. If its peak temperai:ur’e i::an_
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 piezoelectric substraﬁe_S' 10,
20, -4-0 with'rock crystal ,' the peak 'temperatu'j:e iﬁ the frequeﬂcy drift
depends on the cutting angle of the pilezoelectric substrates -10_', 20,
40, and filrﬁ thicknesses and metalization ratios of the input and
output IDT electrodes 11, 12, gl-, 22, 41, 42, and the firs-i_': to the
fifth reflector electrodes 13, 14, 23, 24, 25, 26, 43, 14, 45 16,
47. Consequently, as the difference in the metalization rétios 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 increases, the respective peak temperature differs
greatly, thus presenting harmful effect of a great change in the
filter characteristic 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 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 prevdicemiyr ftant ed
refl ected waves may be enhanced by form ng the sound-absorbing nmaterials
17a, 17b, 27a, 27b, 48a, 48b as |arge as possible between the first to the
fifth reflector electrodes 13, 14, 23, 24, 25, 26, 43, 44, 45, 46, 47 and
3 Decenber 2004 26 the ends of the piezoelectric substrates 10, 20, 40. (9)
VWhile in the third to the sixth exenplary enbodi nents, both the input and
out put | DT eIchdeg§ 4%, 4 r ona ctrodes propagati on
efficiency of S‘Lg ce acouli‘tglt}c?@v\%\?ggh%{/ﬁg&or ehg%%%o Byl enployih ge about
uni di recti onal ‘88trode even in one of them when conpared with the first
exenpl ary enbodi nent . (10) By prOV|d|ng the cable run el ectrodes 18, 30a,

30b which al so ‘ﬁ‘iiénﬁpfe?r eI ecztrodes at least in the opposing
portions between the p out u]t ‘I DT el ectrodes 11, 12, 21, 22, 41,

42, an el ectromagnet i Ei-‘bouépl an belt V\Emnsmhemamtltreamiraui@utdilaglram of

el ectrodes IS supmnﬁmdioﬂ'&@e‘,@géel ding effect nay further be inpr oved by
formng the cable ru ectr’f%s 18, 30a, 30b as large as possible. (11)
When using rock C% a as G ACPYETLC AR deyiBRy PAtlde DSl Lnk@nthibe

e

tenperat ure chaP@xbemisetias {1f FGuanait/deddivs m&paﬁéSfﬂlﬁeﬁz%O@a%&%;tEHﬁve

If its peak tenperabersiveaion & t t nor nal
tenperature) ,of ,1he de% ced ?ﬁ%%:lgté ucritggrﬁjéﬁ%g fgc? raé’aﬁﬁﬁ{ﬁ/ W&?’que%%%%rres

smal | over the &n |re F(Sﬁ"bélfﬁ §Fe’ BARPASTHEAPEs @F Neved vé arimiongts heThe
pi ezoel ectric stAFsHVatEgctdt of Fg. 4B 4 afsupes kxeeéy&dﬁb,citﬂaqi@ea,{ger r?%io

tenperature in wdes FsRIKRAYLE 5T C Ieo e
pi ezoel ectric sybs 1 ates 10 bl;zigln éx}e{i’-ﬂ&ﬁd{}ﬂ? 19'1)]_13%8 &jé n‘??etdé]"i‘-‘i%‘fl on

rati os of the inpu 8 VSRR dntemeddate f{eqqepcyqu aMxe&JﬂxL 42texand
the first to trﬁaSSﬁngtthnoeghem GNAGY eotar eder b3Anagddbs 23114 8325.a 2fredas

44, 45, 46, A4accuntseqrat h¥vids ihhgcgizfdgﬁég Nf%n' Pud g%ersrggi? lilnzvaeizltggn r.’n.ast ' os

of
_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



the input and output |DT el'ectrodes 11., 12, 21,22.,41,42, and the -first
to the fifth reflector electrodes 13, 28,23, 24,25, .26, 43, 44, 45, 46, 47
i ncreases, the respective peak tenperature differs gredtlPepembange04
presenting harnful effect of a great change in the filter characteristic
with tenperature. It is thus preferap| gygat the difference in
netalization ratios of the input and ou{ put 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 rﬁ% 47 be, 0. 15., referably 0.1 or snmaller. Also, it
is preferable hAtSY ed??‘?‘é?t@n‘é@veiq?‘&?ecﬁmp&'ﬁ Nga i BIRZeRiertHs HHisHiad® t he

first refihgGt Ane! ! iK¥c @?E 4 hgn segand
refl ect orI gl ectnr odcggéulﬁ%%ﬁ?glﬁ Eﬂeéhgguo%%o%@é& %ﬁiglsa §@Eﬂ%%d§%e§§|312:
Fi g. 13 ipiezogleeinsnsubsirateiinea ohaonén sdclaghamtied directionmofnpogpiaigatisn defvi ce.

VWil e surfage acoustic wave .devices of .the esent, i pventi on be used

as an | F 1 ?nf??lrlsé@e}"’\%e%dﬁdb%@ﬁelf ERUS Sf&&cgzgsgi,epﬁpg%rpmwdpgaég %‘ieven on
a_recei vepftplitcsitlé ofsaRUsdrifk® ACUstitiaave 4lBkddeesimined dRERcotbRNsaiged as
| F bandpass filters of receive circuits. The receive circuit of Fig. 13 is

a super Hepél igtprdigitel rausducesirieetrodadiand asesond aeiecter eleptradearrovided 80

71 cauency P 0elnR g BRFade i seid bundinERIRE fobss Vit Sae BrS R pase

filter 83nakneusiesehatisaidssitacveodstii aivel rflectedaby esald tiitstt Fsflaetgsent
I nvention is onnected to the qutput side of the mxer 84 and is used as

an | F balesiede £an e reflectathand Lrepaoaied tonsald midpyl isterdisifak repsdegerusi ng
; ! . < . S Chle o

Feduce 1 AP, dndf B KR SeQlodd kb feERtical GHAdHs ahll drdundioSalel, |

di ssi pat ifust ahdtdecond eeflelcidri elecB6deh amnebis disposdd ngetwaenosaidninpat iaads

nvent i o pdAredof8CtaPelis s Retres iaberei bruaion s atefefir i or T
i n- passband char aci(gr_igtg' fénb‘YDR'ﬂsoﬁYiB“QS?f ficient )
where

8. angle of inclination of said first or said second reflector 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

1o unity.



propagation of surface acoustic waves fromthe input IDT electrode to the
output |DT el ectrode. 28 CLAI M5 3 Dece@dBer 2004 1. A surface acoustic wave
devi ce conprising a piezoel ectric substrate, input and3deepuber2dider di git al
transducer (1DT) el ectrodes provided on said pi ezoelectric substrate in a
manner such tha! ThaeoHd@Chia iRl wliORRIRG! lgalm SULAGEH 8P RIdne'gres | s
parallel, a first reflector electrode provide out put st de of said
surface a&aidsmmltvxavésoa’tpua interdigitat nlrarmtlud:estalﬂc‘afoﬁe@mssa dinidirgadibnal

i nterdigi é@ tér ansducer el ectrode, and a second refl ector el ectrode

provi ded ( redet erm ned di stance fromsaid output interdigital
transducer electrode in a manner such that said surface acoustic waves
reflected by said first reflector electrode can be reflected and

propagat ed to 8ailheosirfane paewstisi waval deviesmod nlaim lelvhareind eaidafitst aanchbl e

Cecond r XTI ETEReR pREHELES At ERIERIT oRPRMIBen "Sa @ nput and out put

i nterdigi taI transducer el ectrodes, wherein Equation 1 is satisfied: 2(0 -
5) <_ tan'(D/L()5 < 2(0 +5) (1 where 0: angle of inclination of said first
or said second f@h?e%{rﬁ?rcee@%ﬁt@d@aY%ldﬁtﬂG@eOft glairg bi wherghe spishaaklel min t o

the direcioefiodd 8" BRI QHePfthéﬂz’ e d@%ﬂUéé;aC.npgggaﬁ‘wgﬂe?Ltpg?' iferigitty 2N

out put IDT electrodes In egrees I Nng zero

cent er - t oramstiumer dlextrades. in [. m of the widths of said input and output |DT
el ectrodes in the direction perpendicular to the direction of propagation
of surface acoustic waves; L: center-to-center distance in mof said fi rst

and second ref’?’e%@rsuﬁéc%cbb@lﬁlﬁﬁ} m%veTH'@wéé”cffa&ﬁfﬁﬁopuﬁrhbﬁelH"aéﬁéi’é‘d

claiml, wherein O is equal to or snaller surface acoustl o
wave deviigesthaying theisamaditshnwidsh) anglemf indinatibhcisethiose aff thaledbdtrcrw and

second e%%j& OF s§lEBHECRF 21D RV ShARE T Ienaﬂ'nals prowdea A5t 1835t dne

Decenber
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.



4. The surface acoustic wave device of claiml1, wherein at |east one of
said input and output interdigital traB8ducer electrodes is a
unidirectional electrode. 5. The surface acoustic wave deésgeweerdf0t| ai m 1,
wherein said first and second reflector electrodes are divided into plural
units. 6. The rfa i i : | e , s eI i.d. cabl e
run el ect rodews n’gﬁ%%glﬁgg%eér\copﬁgﬁ V%S\séb(gﬁg%f) ?ggé!"gp ?’n%’ﬁ?%’ﬁéﬂ %%%%{0%

i nt er di gi tedibs of saitsfiletand seeand pxflestor eleditelesuarbdn ¢hacanggs 0.454a0e753levi ce of
claim1l1, wherein an electrode finger having the same pitch, width, angle
of inclination as those of the electrode fingers of said-reflector

el ectrodes but{ghortgs shifiate @86@5tic§wg\lr/ét’g}9d@9 Al 1,%%re9f‘ﬁ51ti‘?fof %Bpneends

toward said i nput and output interdi transducer el ectrodes of said

r ef | ect orOfethecelestiede fBgemhef she freftactar olestriodesds greater deam the vddins7of

wherein a t . finger having a width approximtely equal to 1/8 of
t he mve|@ﬂ§k§%8¥r8§§ﬂ"§85' acoustic waves is provided in parallel wth the

el ectrode fingers of said interdigital transducer el ectrodes. for
connecting ends_of electrode fingers at the ends toward said interdigital
transducer el et2r odERe ojurtaged acesstic vvee deyiceo 0 lainb\i, dedterin ha athirghor t

| de, i ' i | ai wher ei
Feftect i qTBRE! slefuodefis? BiGREG SAPHPbictelineE isRute ol el 05 © "
di f f er entinferdigitahatanstiuseri électi@dendnr gid eiicoloppbeits rtadesidé0oB Jartanper 2004

10. The s.ugéa.ce Ffous iC V\%ve device of claim1, wherein netalization
rati os of NELHigita; frapsaugerRiesirede athasersid dirgcrafleghs elpalrede ihorovded o. 45

1o 0.75. drd a oG e is: ABLHS4 fs BRYRIEH & BratfetChthBl bisthRES fbfy Whflt ' Of

sone of the electrode fingers o refTector electrodes 1S greater than
t he wi dt heutpéit interdigitad| leanschaer felaciesde oh?thellsides wpbasite aheo usitie cofwaxid
device of _¢claim.1, . rein.a third reflector .electrqde_is provided at a
predet er nf Lﬁgﬁf Ei\f%"td&’dw%i tEnsAvees aleripde Wri'eﬁ'?e?%‘sgﬁelcapgtrpﬁﬁ%teﬁ@i?d@d&lsr ode
on the sigleviglegosite the side of said input interdigital transducer

el ectrode where said first reflector electrode is provided, and a fourth
reflector electrode is provided at a predeterm ned di stance fromsaid

gg;‘ SUt Interdi pitalpid aNFIUe 8L, RiRhAATE08: bLPEIaThAE WS Geddon G 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.



output interdigital transducer el ectrode where said second reflector
electrode is provided. 13. The surface acoustic wave device of claiml1,
wherein at |east one of said input ang out put i nt er di giPtRcerbeadfucer
el ectrodes is conprised of a split el ¢trode havi ng an el ectrode finger

wi dt h appr oxi mpg el yTRE Udfake z?c%ﬁus(i@-wi\? G_@vic\%ﬂdﬁhlﬁﬂﬁtﬁ,%\l}ﬁﬁéﬁﬁ 3f Gogiusti ¢

waves). 14. The surface acoustic wave device of claim1l erein, when the

i nput andaksarbing matefialaiss poovided dalsar heteeeac saist ficstwand siooinde reftestaf an

bal ' i nal t h i.de of th
pat - anciebtBes ol ARG R R o Bk &leiogaesliar of st B0RS “rhe
surface awauss bEsaid\pieArRVedtfc 8lbsitatem 1, wherein a sound- absorbing
material is provided between said first and second refl ector el ectrodes

and the end in the direction of propagation of surface acoustic waves of

said piezoelegkricys t C r 3 . The, sur coustic
wave device ofP{:’I ai'?h , &Ee%&ﬁsﬁsmg éﬁegg“%m%od“éﬁ?@&.% #@Eggl%sﬁ@ed

al so bet vasrstrate, dinbut sindaoutpsie datertigied]| eatsaucee (HBTY elesrodsd progideddin
parallel to e direction of propagati ?in of surface acoustic waves of said

pi ezoel ecFRLeIQIbsRIFRIezoslectrin syhsiraise et do feurth pllestarslecteodasprovisiedy a
. | . ) : VA 2
pi ezoel echd Inpth %dh%%t &?lﬁ%ﬁd lhgﬁ"épé%tﬂw ﬂ%rd@%?rh%h%&@ér él%g??g«%’e‘?éeé #fhCT)

el ectrodes provi par on sai d pi el ectric su , first to
fourt h r eeflectos cledteder prdwiiedr bativeed saih inpatt rarsi cetpubteraigital ansd acest
output interdigital transducer el ectrodes, a fift reflector el ectrode
provi ded %g?t\ﬂ% 's%ﬁcii % HHUE faﬁdg'BERf%? .V\ﬁﬂ?léred?‘&f'?%fy F?%‘T’%‘g%@é}d g@‘ﬁ'@ﬁr odes,
and a cabdaid fikdt SdeSddoriEereBLOR R RVIEEGRId % GasRet @etﬁ%@n%a‘wngﬁé andl d
first and second reflector electrodes and is disposed between said i nput
and out ptpuhirtetligital atransdiess @eetredess t wbeeadn seierfiish te afodrthi reftectar

fourth re a i I approxi mately. the sa angl e
relative ‘%Iégtg&%sar?gé qﬁé‘i’%ﬁ@’céﬁ%ﬂp Q%ét?ﬁcej tlﬁ%/ rsggﬁ)ef cﬂp%q rﬁ‘%‘ﬁ%g@t POHE'B‘?
surface guapehdiculsavethe dibectibheofpiopagationCoisiifaeewriotisieWayesof claim 17,
wherein Equation (2) is satisfied: 2(0 - 5) <_ tan-'(DL)5 2(0 +5) (2)
where O0: angle of inclination in degrees (excluding zero degree) of at

least one of 48 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 first to fourth reflector electrodes relative to a plane perpendicul ar
to the direction of propagation of suBBace acoustic waves of said i nput

and output |IDT electrodes; D: center-to-center distance Rasemyesf0d4he wi dt hs
of said input and output IDT electrodes in the direction perpendicular to

the direction g prﬂ@@@éﬁét%‘a@éust%%é@é@e@ﬁé"é?Ef r?}rg"’ﬁ"%erém tPF reflectlon

center-to-center distance in jumof sal irst and sécond re

el ect rode@.effl@enmbfes&duref@@mre&iwg!d&s incpproddmiabaly ahitgl ai m 18, vvherel noOis
equal to or smaller than 25. 32 3 Decenber 2004 20. The surface acoustic
wave device of claim 17, wherein the reflection coefficient of said

reflector el ecef.odephd Susaes aébwtﬁ}vuv@@lb%ée Hlelajf 87 SWhERGS a@?@éﬁto'n% wave
device of claim 17, wherein at |east one sai d |nput and out put

i nt er di gi 9fagaid ﬂmmpum%mteﬁﬂ@liﬁhtﬁa@dmﬂ glegtrotles is sbmpriset exfta split

wavel engrsioefous fRfink AiEGhetode ngBly s BbamEt aabdlip ada i pelEBbocyi co

of cl ai mydvelshgiheifsusrbd acblibtic wadbs)ect or el ectrode is grounded. 23. The
surface acoustic wave device of claim 17, wherein an el ectrode finger

havi ng the sanme pitch, width, angle of inclination as those of the

o oot rode " LIBELS e SAHAGE Y EEHE P LIRS Bl TP W SR o
sai d i nputflactdr eldchrotieiigtyryuhdedt al transducer el ectrodes. 24. The surface

acoustic wave device of claim 23, wherein an electrode finger having a
wi dth approxinately equal to 1/8 of the wavel ength of surface acoustic

waves is proviged ivhpandhde (W.'l i v@z%\fe Sé\ﬁﬁéro?‘ci,ﬁuﬂ"l'f‘?g I’?erg e$ 8fec(t)r8>ge

interdigital transducer e es tor connéecting en
fingers MQeerwmjthemamw pm:dn dvidm, angley bf aiclmamnsduﬁboseebémé eltesrodk t he

Lot oo Sl R BB e o 5 e o oot U
char act egf ﬁe én@é oF et refledioPBRcEBaB8 dohald %@ i éﬂrto desBG{%th @tﬁsﬂd élftélr ent

fromthat of said third and fourth refl ector urface
acoust i cirarsducgeelastrodescl aim 17, wherei n net aI i zation

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.



ratios of said first to fifth reflector electrodes are in the range 0.45 to
0.75. 33 3 Decenber 2004 27. The surfa8d acoustic wave device of claim17,
wherein the width of some electrode finger in at |east 3dirscrafer3@4d fir st
to fifth reflector electrodes is greater than the width of other el ectrode

fingers. 28. The surfﬁ@%ar@e&léﬁbhquﬂ@vé_@e%%wic%eopénam 37 MyvhéreiMRE Slidh yhen

the input and output termnals of said surface acoustic wave device are of

an unbal soedc:legipale finger inpat least cngt plusaidefinst talfifthoreflebier sileetrafesoigposi ng
input and, output intecrdigital transducer el ectrodes are grounded. 29. The
surf ace a%rgaggrﬁﬁa%h Wbcgb%’égﬁlﬂr%?grﬁelﬂgqmerei n a sound- absor bing
material is provided between said first to fifth reflector el ectrodes and

the end in the direction of propagation of surface acoustic waves of said
pi ezoel ectri c 38bst Fhe surfaoe apeestic wWaveedader of ialaimalé, wherein, wheol them 29,

wherein - bj_ng. eld al. Vi | so_between said first to
fourth rgp ?gfé% g’# ggrpgjétfregrg'g{sm%ndg ?%'8 EH'S&?% q%%’glsg? reRYS Vbcoﬁ' dﬂr?e?ff 8 the
di rect i orurifalgncaebiypt| tie input snd batrit eareniadls riteasd® bf SphekiRg avRslapat ric
substrate. 31. A communications device conprising a m xer, a surface
acoust i ¢ OWRvENtdicital Fﬂ@duﬁ%@!%r@éeéfarmrwdﬁsfng connected to the out put
side of said mxer, and an anplifier the input side of which being
connected to the output side of said surface acoustic wave device, said

surface acoust2& wdliee devface dooustie waveonpvicsi afgclainpi Bz ogheein iacssudt r at e,
I nput and_ ,output intferdigital transducer . e|lecirgdes provided on said

pi ezoel e&l}qo&g@gd@?fe&pg '519 Hf%\/'%@m@@v%%ﬁalﬂrfaﬁt %Onggh (ﬁ?fj)eé‘é‘?'i lgstrggles and
propagat ita8 ehd Sk R SirsRidht bf BYSSatRire o‘?aéé’flf%c% acdubtié Shatéd !cﬁCEQig. .

el ectrode provided at a predeterm ned distance fromsaid input interdigital
t r ansduc gtiezoeiectriogelbsarer d sai d out put side of said surface acoustic

waves, a second reflector electrode provided at a predeterm ned di stance
fromsaid output interdigital transducer electrode in a manner such that

it reflects thg0.surfiesurfaedumoustivayse Helicecsredaly 2aiwhdreibh s&iA®ct or
el ectrode and ,proggat es to said output interdigital transducer electrode,

and a caARSoFbiRgemEterialyds waravidede| aled r betwaen s@ithelrst tendowttio ureflectari d )
f' N | t x . ) - 00 .
bet meen SRR 84 W6 £ AR diRRaSn Hialed 15 1R SrEPAET BE prgiRtbungose

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



wherein Equation (1) is satisfied: 2(e - 5) <tan-'(DL) < 2(e +5) (1)
where 0: angle of inclination in degr¥¥s (excluding zero degree) of said
first or said second reflector electrode relative to a piReenysePEndi cul ar
to the direction of propagation of surface acoustic waves of said input

and out pudishb¥ed ShéteRTesid Bhp gl - R)Lﬁemtﬁfd:gg{a?tﬁ'ﬁﬁgdddér”b% crbB8s, M dt hs

of said |nﬁut and output DT ‘el ectro Irection perpen ‘ar to
the direcw erenmEqpabmgb)us@atusﬁed surface acoustic waves; L:

center-to-center distanc p. m of i and second refl ector
el ectrodes. 3 Decenber 2@@4&? %&WB&‘?}ISC%JGA COVMUNI 34T ON DEVI CE USI NG
SAW DEVI CE ABRRBACT A SAW devi ce conprises input/output interdigital

transducer (1DT) el ectrodes(11,12) provided on piezoelectric substrates

(10), a first: aleglbelftimllnadabaom dedesdsl @xcludlingrergdédrec) npehid st ef eaidr ode
(11), and a second (r?gl Iecteg% el ect ode gl4é precedi ng the output '
el ectrode (12)Seeid GIGrioE elegtiode; e t'c"ﬁet lang\Rerpendiedanta the @'![‘?Ctl%‘

prioys de Pt ef et 8P bopddafbACeBidide chllsth BARES NG GaigZinbfh hahabut 1B <2

(0+5) where O: nation (1 n degree, except zer irst or
second reflect@IBCHOéesrode of the i nput and out put IDT el ectrodes with

respect to Ia en ular to th dlrectlo whi ch surface
acoustic vé%g%efi ?'é(fg %ﬁi‘%”?ﬁ F‘chm(?fe hgi Widghw OEFaIBH@thn@?ﬁ' oyt 1Bt put

| DT el ect rodes f rayel . L
the pitch (in %bgtrr%@?s ﬂ ﬂ“@hg?r@?‘qdrng?é@bgg@(}%ﬁ r ef %’?,’? OZID\P@%%&&FO ag]f;l gure
1 surface acoustic waves;

L. center-to-center distance in pm of said first and second reflector
electrodes.





