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Field of the Invention: The present invention relates to a surface acoustic

wave (SAW device for use in radio frequency circuits and t |
wi rel ess communi cati ons device. Background of the Technol ogmmﬂl\m@@\ﬂmmwm
application where the pass band is relatively wi de and the of th
phase characteristics within the pass band is inportant as in fi'¥%rs for

use in the IF stage in CDVA devices which are drawing attenti LN recent
years, a surface acoustic wave device is suitable as the amlﬂ@mwﬁmImmmumm
characteristics and the phase characteristics can be indepen

desi gned. Also, with the progress of downsizing and wei ght reductgogo*of

mobile termnals, mniaturizati on of surface acoustic wave devices for |IF
stage is al so being demanded. Accordingly, inproved versions of transversal

ype surface agpusiies YRLCcIRGRATARE hoLaY HASHEI GREGaytdy o conventi ona

surface acoustic wave device, as s , I'nput” and out put
interdigital transducer electrodes (hereinafter |IDT el ectrodes) 101 and 102
are provi ded TécHpacal l@Ele1anof theczO@R@bht C substrate 100, first reflector

el ectrodes 103 are provided, hetween th n n th ut put _si de_of I nput
| DT el ectrode and aﬂr%leepnr(f sg?ttlﬂ‘éerbllé)?ortﬁﬁgg gitg ) rgftarggtagmfﬁgui w%%ed(%){el@ond
refl ector el edevis@cirrigr i gagiofreatknsdtviasnithanédttiedriikens ampuelassde of
t he out put | doglRSstiodRs1l8vyadad an end of the piezoelectric substrate 100.
Al'so, the first and second refl ector electrodes 103, 104 are obliquely
provided relative to the direction perpendicular to the direction of
propagat i on oBackgrband ofctbstTechnaleyxy: When an el ectrical signal is

inputted to the inpy a4 &R Délt18h dli-e 8 Hass pRAQUS F&14MVYB148MIaEcana
surface acoustic waves propagat | DT el ectrod

of | oot at o nERS FLeTiast PECHTS PBRER CROTRR TSI kbR ENBoPiHHe BEBL ot

refl ector el ebtpordest 884in fiftezrstfaoat usehén $be difds ramiel Hc COMA dhettasoeteishl 04,
are drawing attention in recent years, a surface acoustic wave device
1s suitable as the amplitude characteristics and the phase
characteristics can be independently designed. Also, with the
progress of downsizing and weight reduction of mobile terminals,
minlaturization of surface acoustic wave devices for IF stage is also
being demanded. Accordingly, improved versions of transversal type
surface acoustic wave devices are being developed.

In a conventional surface acoustic wave device, as shown in
Fig. 14, 1input 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 electrode
and an end of the plezoelectric 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 propagation 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, reflect at the first
reflector electrodes 103, propagate to the second reflector

electrodes 104, reflect at the second reflector electrodes 104,



2 propagate to the output IDT electrode 102 , and are put out fromthe
out put termnal. Accordingly, when conpared with a transversal type surface
acoustic wave device, the size can be drade snual |l er by the anmount of

overlap of the input and output |IDT el ectrodes 101, 102 in the direction of
propagati on of surface acoustic Waves. In a surface acoustic wave device
having this structure, the state of reflection of surface acoustic waves
differs depend| ng on the angle of inclination of the first and second
reflector gﬁ tq §he ﬂ'%@urteF%T i&°tE¢he OPnpitd 4RE Rt Pt frOF the

el ectrodes dxﬁibutleamix’(ms. affecting the in-passband characteristics. i's
therefore an object of th&_ sent mven(ilon to I’OVI de a,surface gcoustlc

Wave device that tHERTEAPP e§7) FPIRATRY "diPr 4c %3&515?%: R SIFF TR t he
i nput | DT edcmistddewdwe tiheicelt p:he $1%e ehpdia adde eetmklllenctw Iuas anosmpest or

| n- passbang &hﬁr ch %Jr ltﬁ%: ‘in?l LS &’ u‘%f b€ ? @%de%” 959$£?t9he

achi eve the a ce acous ev ‘Cé °0
pr esent |nv@inchnoooﬂ@rnlmgatppemfelse@ﬁﬂpe aemsitlgt waveésmput and out put | DT

el ectrodes provi dgfl .08 rddtR 9&@@&&&@5@ Qe4bE ARG thfs TRPEGFurRChnd hat
the directions of propagation of surface acoustic waves are in parallel) a

first refl c¥tafe 8f fALGFELAR QfoSuFLRTe ATRUSELR YEves dtifierst depRAUDS A e
acoustic Vamesangld be inepihatidn 6F atlerfidst @iflsécErT oot dotiolrasiicetredest r ode

provi ded on, the si de of p he surface aco ve of . t.he t put
| DT el ect r otf&?” alﬁﬁ §ea3taft§‘P'Feg° I§%ﬁa§'f‘8ﬁ utp%%ﬁ{r ile Ef’ PEi ¥ &85]'
propagat e sthidsaa#facolsd |11heV\Amepassuamr ahadeeta‘mpesl.or I n- passband

characteri sti CI nzfdte ig)the 8FQ§ [12{ !‘5?) gctzg egr eé}%sé@p: ﬁ.ﬁvgx?ilzi?orsﬁtgl:glpg{)ﬁide

inclination ( grees ero e second
refl ector etsurface apeuatiq/wave d&vpbertémpecrqgewfmﬂe@:tlwcmanemut surface of

propagat i ong @y 4GS 4aGe8CeUSH! EndAYRFuO! Iﬁi“eeié%dén‘ioo%hgmouhpﬁ IDT

el ectrodes; D. center-to-center distance in um of Wdths of the input
3 and out pulagqsrogecerd dipnse hagha WW&PFOHWE&%%W%@WH@% rection
of propagatlon of surface acoustic waves; L: center-to-center distance in
um of the L?,{ refleg)é r. el ectroge and the second reflector electrode. In

addi ti on, HHOSYRP QL tHHe FAVERHI®S to be equal to or smaller than 25,
t his device may b order ftbradlﬂlevslmm above nbjéct, a-flassbandace acoustic

Charact 1 SRS o ST, shkplRF, SRLONAIE CHRRLEELS o BESIIAIELERLS O
unity, i nseaubahraltess lofputheanieviousputy I3 | elegtagdes provided on the
plezoelectric substrate in a manner such that the directions of
propagation of surface acoustic waves are in parallel, a first
reflector electrode disposed on the side of output of the surface
acoustic waves of the input IDT electrode, and a second reflector
electrode provided on the side of input of the surface acoustic waves
of the output IDT electrode, and satisfies Equation (1). As it can
efficiently propagate surface acoustic waves, it provides a superior
in- passband characteristic.
2(6-5) s tan™(D/L) s 2(0+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 output IDT
electrodes;

D: center-to-center distance in pym of the widths of the input



Yet furthernore, by designing at |east one of the input and output |DT

el ectrodes to be a unidirectional electrode, insertion |oss of the device
may be | owered. Yet furthernore, by elecBrically connecting as well as
grounding the first and second reflector el ectrodes of the device with a
connect el ectrode provi ded between the input and output |IDT el ectrodes, the
cable run el ectrode works as a shielding el ectrode and prevents

el ectromagnetic cou I|n etween_the i nput and out put | DT el ectrodes

t her eby i ncreasi ng "gii’é’rﬁ??'g/ ebpctrRdest 1h dderdP i eamRegicyRir to
furthernore, by di \tthdl agrédeidn bEt pasthgataondof efdrgaicer acbeeiicoaasedf the
device into nore than one unit, the quantity of out-of-passband attenuation
may be further inkieSHET- VBt'c?’Em%éﬂﬁﬁF‘%ce by kg Hfe EEEBTF erglihpotor

el ectrode br oader tellenttbdide rusl bhe ssedondheef heetormredecttrpdd. | DT el ect r odes
of the device, eI dj effect be further _enhapc et furthernore,
with this devi ce ‘ﬁ}%\?‘o&' nBY &tgnFE%stfhemY@lBF 4 Beéi‘?dg ofi9¥3k 19 Q&8s of

t he i nput aanjablﬂmtthahm ‘el ddtisodesiay mafiebd imeste fnrther sspemndor efll desor

el ectrodes d g the sane pitch, width, and angle of
I nclinati onggsﬁé% e(aegltléie .1%33’5 of the above-nentioned reflector

el ectrodes but shBﬁr‘é}em@rpeH@t Heshegninghthe Fefdeatien onefif teiantsoae the

fingers, a Euséeranwayeé&{mekﬂé&&oeeeéefd@@gte BB Y% pPeok il teAa§deqiEl to
furthernore, with this device, rovid t he end on the ID% el ectrode

si de of the“P%’FYec’t”ﬁP%F%t*‘b‘ﬁe#p ’b?/l%é’c’r ?W?%H&Fﬁréﬁectrode finger and
in parallel wt h e RirkabiaoLe f Iwg&é§igni4igoﬁtti'éhdﬂ3$né|@Etﬁlﬁdﬂﬁ @ and

vewvel engt h Brot miceletrales’ f JiE = i b EotiaHAT el Srreter. ietione
fingers, unmaasemf rohiel deviom nmybbelwea:\eﬂnt ed. Yet furt her nore, with this
devi ce, by nmaking e Mol rst reflectaor

el ectrodes and t h‘efégegonéhég# IS¢t o (?fecctq{ﬂ&gégfg fQ“P %ﬁ'f S{ h&s qUﬁ#’l?i taﬁ of
out - of - passbaeendimnge tbat £ ors trapdbesganer eaﬁh%btdtetelégtrms*rmfethwi ddvicki s
devi ce, by wém rwcbnﬁeeefe%b%e&a@ %r%@fl&é’é befcwteaﬁ Hd ihpggdarﬁaeseeﬂu{ gppect or

el ectrodes to be in the ran refl ection fi1clency

el ectrode fPhe@Frasest h‘éh? %éEt’f'#n @P-E‘E'FJFQﬁ?eBmﬁ’ﬁ? e actintaiddagt ?&&Ctél?éﬁl i ng
si ze reduct apd pHevehes rifdctebagd 8¢ £068HIng between the input and output

IDT electrodes thereby increasing the quantity of out-of-passband

attenuation.

Yat furthermore, by dividing the first and second reflector
electrodes of the device into more than 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



Yet furthernore, with this device, the quantity of out-of passband
attenuation may be increased by making the width of sonme of the el ectrode
fingers of the reflector electrodes greater than the wi dth of other

el ectrode fingers. Yet furthernore, with this device, by providing a third
reflector electrode on the side opposite the side where the first reflector
el ectrode of the input IDT electrode is pfovided at a predeterm ned

di stance fromthe input |IDT electrode, and providing a fourth refl ector

el ectrode on the side opposite the side where the second refl ector

el ectrode of the output IDT electrode is provided at a predeterm ned

di stance fromthe output |IDT electrode, bidirectional surface acoustic
waves propagabf nghehridIgheltdmrpdpsit anDRlecscedeodéimeey . benagfihgciaenvidth
propagated t Oahlﬁleo:&h%@é’iy é&&gleﬂoeﬁfdm@le WﬁelﬁaHéém PR ceWcbls 4 wa Vi Ce,

by configurin | east one of put |1 DT el ectrodes with a
b1 1t el Sot r ofe? IRRPIAGHLY EPGE CroRkequige T INER, APHPEIaTaeEHy aqndter
to[err]./8 ([eerdneventetkl engt h of surface acoustic waves ) , internal

reflection within the !EHPH{erﬁan e OWLRHL: AhgTd&Ji%%f urtﬁﬁkﬂ?g}’tﬁg :%&ﬁ)égﬂ{o"nd and

a wde and flat pass band pr ovi er nor e

devi ce, when FPRFIGHELES B%tﬁtﬂ £d55 i TefllectAr eheckindescahddesEreOthve
devi ce are of refileaitancetedttpdes byifferuntl] nthel lq@antiyt ondududMphsteddd nal s
on the side OLWP&R‘%%!“E&% 'dar}}pgg ﬁ&q_, ggé ut I DT el ectrodes, electromagnetic

coupl i ng betwe put | DT el ect rodes may be prevented
and a | arge quanti t‘SFtoﬁu%PrmIGpa‘sjs@ahWSa@%‘éﬁ’Gathdﬂﬁlﬁﬁy the mdiarblonyet

furthernore, Nﬁih)std”ﬁ 6hedeymﬁambye@drmvwhlalt@nemuaaw talbeambetie baigueen
the first and.s r%l ect qecgloencterfggef acnd (tnheeleré b in the di regtl on of
propagati on o? sur ace ACOUSt 1 G WAVES 0 ?nth P7% ¢ 99b5t Pat

unwant ed r ef | ®flegtan s cirodere maycbpenharced é‘z‘éfeleééﬂiif@ sumtmétl@t#ﬂiy be
absor bed and s finat regssctbansh dBtyoles Obt ai ned. Yet furtherm)re vvith this
devi ce, by providi acs ndabsor bi.n terial al bet rst and
second refl ector elr]%ctrodtes Tand- hétgngﬁﬁafigl{ ! ? ° tHe Wg ct|8 L ¥-
propagat i on oPagabapdcatteapation MR RS i@f’r?qr?@dpl’léz‘@éll&ttﬂlﬁcw%iﬁ?s PE aﬂ@,e

unwant ed refl@ﬁ:tmd &\Eétﬂ:&oaé £iigeesbOkné f&fnbemebms&fﬂo@es%a&aketw be

further absor a n be obtai ned. A second surface
acousti c wave eV| @gho?ff ﬁé 2 é'fggf (Eie n o conprises a piezoelectric

substrate, input armtoéf!lptﬂ[tGmDTeel !!ttlr oﬂé@ devdtale Y rpoxdding|a othirde
EI teﬁ oel SCt ri fcr?%f.tﬂaa%ate?,e&ié&&é t hotﬁf%&aalap%tahﬁfé @he s £ "?gf"f taaogilﬂ%dt on
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ere

one or nore et%ﬁ§°$? F‘E r&h 9?’6'%1” E%‘fﬁ‘?e)ég? 88%?'%%3@5 g&?ﬁ%‘&? to a

pl ane per pend| cul aﬂet(furhbemqmcmi@h mﬂsmesp@@,aby conbigurdng atdeast woei c

waves of the dfppd 18pek QHA mﬁtthPED@qu%w&@e% with £2PLEf heceHetiavdingt ance
in umof the widths of the input and out | DT electrodes in the direction

per pendi cul aré® 81??T€°&Prfé6‘t‘-?l56r?”€‘ﬂ:hpﬁp@b‘8§ qt@ﬁyﬁﬂugﬁrtl"a%@ Stoyavetenges:

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



6 L: center-to-center distance in umof the first reflector el ectrode and
the second reflector electrode. In addition, by designing the value of 8 to
be equal to or snmaller than 25, this device may be nade further superior in
its in-passband characteristics. Furthernore, by designing the reflection
coefficients of the first to fifth reflector electrodes to be approxi mtely
equal to unity, insertion |loss of the devige may be | owered. Yet
furthernore, with this device, by configuring at | east one of the input and
output IDT electrodes with a split el ectrode having an el ectrode finger

wi dth approximately equal to [err],/8 wavel ength of the surface acoustic
wave) , internal reflection inside the input and output |IDT el ectrodes may
be prevented aRe aPRIHAThQUEP Y IBQS?%EHd%Waﬁebﬁr%‘iﬁvﬁéHed%‘fﬂ a large
furthernore, wytdhtiliSoflevitces-gagshakd agtéhetfioht hay ekl estfimeal ect r ode wor k

as a shielding el ectxre%(E)I‘%ulq,])ﬁegltrl nd| n& Itthbg deevgggr rrag{__cﬁ‘;idcingoulpgcg stb16t ween

the i nput and out put el ec prévenht dd
devi ce havi ng absqmbge hpisaeh tﬁ}’leoiﬂtrs@f alph§§%rﬂjraﬂfe?ﬁ9at¢kﬂ$trms and ‘Che

I ﬂ” he(r]I nor fe t vp]exw ih bcitha cﬁ.@:‘éicﬁﬁon by pﬁbsaéecﬂiltag @s@ﬁfajc?ﬁ&&c?u@@;e.ctz %Eavé@ﬁfedmf fﬂ
e side o e, i an el ectro e firs 0 our
reflector el ec?ﬁfﬁgge‘éﬁl& %':*,{f 585"1 Fﬂ‘é%rfteh ecgﬁ% WAXRE abi TR en‘%\nogtw and
angl e of i ncl i ptadoehectsrichsultaete vy He ngeqrgaedfaxtche flaft| patsobard mey rhedes
but shorter ingh@ngeh. than the electrode fingers, a filter waveform cl ose

to a rectangle may he obtained. Yet f re, wwih this device, b
providing at the en e5n FFREAIBTS Stk oégg ST 8t Hep’F‘é“fHng?o? 5?\‘-.%3[? ode
provi ded with @sirbing eheesrieticalfsndetveend the ghirgk| ehd weedvndheeélexttorode

fingers of theeiéahsh@sctahedﬁ% aﬂa%Ia«f»&imdeofeh@geirda&bﬂqafap%ﬁgfatmn of
approximately equal to 1/8 of the wavel g zgal? surface_acoustic waves for

connecti ng end¥MGfac8| %?:‘f"rs&&@ Y’?‘ffﬁer‘? tﬁ?\ SFIIEC FPBALTAR? - hERBRRENL ed.
Yet further noresflectéd twaves detvithe, ey afakhegpidzeoeleftmot sobstolate agdyebest | s

of the first apd.$eeodukJBbbehicOh Ei-ﬁ%EQQ%nﬁ' herRnbotd Qg hose of the
third and fourth refl ector el ectrodes, guantlt of out - of - gvssband

attenuation nay be W@&géﬁrf"}%&t a?‘lﬁsttljrﬁrwﬁﬁFéle WFe ﬁft PPTESGPE SNVERELPRK ng
t he netalizat i omprasées pdbzbdadtirisisubgtidte, fiinptih andfdugpttIbeledettdies t 0

be in the ranged4heq i an:Z?lef &h ltﬁgtp'iQQo@detEl@@(ﬁﬁspﬂteelﬂgsli:q_%efédrqﬂer

may be enhanced thus ena si ze reduction | ector el ectrodes .
Yet furt her mork®E1RFEF Pﬁ?%t‘ﬂ’g\‘/‘ﬁﬁwf-ﬁ%d Gﬂé?ﬂtiht i/idt?ls %FBF APREE |FRdgoutput
attenuation neﬁgolbeledtebmednd)y f1gkh ngfléetor elldvtobds previied thetwekraheode

fi f at t h heef t
reater than t '@"?’% R fout Tt FRaeEOaRly ok (ehE RS kol LEE R,

this device, VifShetHRr ?+ﬁﬁ]‘t"°§ﬂﬂaﬁﬁﬁbﬁ%i"?gr% ‘f%gglﬁfthﬁﬁémglﬁ‘f‘ﬁé%r%lﬁﬂé’ﬁ c
wave devi ce art® efplanbalexperdidulpe,tdyheddvectiiog ¢heropqoatiancdfosdyiace

termnals on tél%u&ﬁ@wgfre&%ﬂéé BQoH&%Tg @er@éﬁ&&éodéﬁc%&@&&ﬂ%&smau
el ectromagneti c coupl mg bet ween H?m and out Et‘? | DT el ectrodes may be

prevent ed and i $iand aWRRGiCY id’ftllﬁjfl“ LAY &5 oS T PRHIPAPA AT ERRYATHE

obt ai ned. Additionally with this device, by satisfying Equation (2),
surface acoustic waves may be efficiently propaéated.
2(0-5) s tan'(D/L) s 2(0+5) (2)

where

0: 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;



Yet furthernore, with this device, by providing a soundabsorbing materi al
between the first to the firth reflector electrodes and the end of the
pi ezoel ectric substrate in the direction of propagation of surface acoustic
waves, unwanted reflected waves at the end of the piezoelectric substrate
may be absorbed and a flat pass band nmay be obtained. Yet furthernore, with
this device, by providing a soundabsorbing material al so 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 refl ected waves at the end of the
pi ezoel ectric substrate may be further absorbed and a flat pass band nay be
obt ai ned. A communil¢afPRiRs -FevePE e n IAREBIGahe e dth thhef isds ERTLeHHPENt i on
is one including a nereetrode sindf ase secoudtraflvwaver ddectmden accordance with
the present invention de .S coggpg d to tge out put

t

I (;tl ht? & IinIF)H} e
side of the nixer, ﬁn SRl 7% 967 -3 Whi %‘faﬁ‘él thé&ted to
t he out put si gealdpr Hhans 5T addigcdriicecnaR e TRAS éértfm?dswornyl ridguct i on

in the nunberirpfpaggggrm hhfdle@dsteaanplifier el ements, or reduction in the
anplifier power di at| on t rovi di i oy cost_.performnc

Brief Description % ‘h%mﬂrﬁw gggs‘lﬂnéngnc%l d%iFSbl‘m ﬁwfbeacée%‘iﬁ PR 2’
acoustic wavefidestitoglifishaef Lestorexderpredes enpoaprmminateliviraupil goemtity,

invention. Fifhse#tién eloEQPoé“t%‘él Qévﬁceshll&}%éeléﬁ@fﬁ' c wave device in a
second exenpl ary enbodi nent of é’\“/% shent |nvent a top
d

view of a surface é'%ug‘f’it@e\ﬁﬂ?/’ée B ge‘fjfﬂer‘d @%Fg?vngn%Bd}reﬁéﬁt of
the present ioneenfithe ifpyt a@@bjuipitaIPDelectiedsls wituef spld taeberstiodenave

devi ce in T e Ly daf XS ALY, %@qkn@mthofapbp&jma%@ei edaageeal;% g 4

is a-top view ce acouystil In a Iar
erbodi uont | ofvaRASRT LS Ehe RERRTRCO R4 eyl - Haterted Fartaar i Theadb ace
acousti c wavetldeinmy: and autpat TDExegoltaeode semby dienmraveoted hadpr eséeatand

invention. Figai5hhds iband lﬁapbgl g¥6Rfgedt. surface acoustic vvave device in the
fifth exenplary enbodi nent. of the F;resent i nvention, |g is a top Vi ew

of a surface acoustPE FATEPIIGEEe Phth Ehi& HHe¥ERp| B¥ y™ i entEi5ER: he

present inventdfdactdi gledtiieawday avi=whbéldinglsleateods bysdrionndtve idevi ce
in a sevent h Sxerpliheeidadl Btwelf tREQSBRE ahﬂ‘b%@bh@@nw E!l.(gcrﬁjx%db§ a top

view of a surface acoustic_wave device In an €eig exen‘g odi nent of
the present iMa¥eReiRfeVeRtR r‘é‘“?sp’&’%i&bn%lae\ﬁeﬁ*ceahsaﬁ?’?%@e %Qﬁjs??q}‘%?v’e
devi ce in t heutghigassvendlatgneatiaci.nrent of the present invention.

Yet furthermore, with this device, by providing on at least
one of the ends on the side of the input and output IDT electrodes
of the f£irst to the fourth reflector electrodes an electrode finger
having the same pitch, width, and angle of inclination as the
electrode f£ingers of the reflector electrodes but shorter in length
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 having a width approximately
equal to 1/8 of the wavelength of surface acoustic waves 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 those of the third and fourth reflector electrodes,



Fig. 10 is a top view of a surface acoustic wave device in a ninth

exenpl ary enbodi nent of the present inve@tion. Fig. 11 is a top view of a
surface acoustic wave device in a tenth exenplary enbodi nent of the present
invention. Fig. 12 is a top view of a surface acoustic wave device in an

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

the present dnavgahh€Dty ffd outdos HadsbBRA Vi WnRE LRk el @RBFesdHdf,ace
acousti c wave device. 9 Description of the Preferred Enbodi nents: .
Referring to draw%S§stuztheseere piiish thils| deyd cgi Rihmakinathbe metambrakion
t<_'enbod! rrentfs ﬁtibb?oprtex%emréttp\t@nth@mgf@mlﬁcxofn@%ﬂﬁmabsllto Eegg.r% Jtdﬂe's at
op view of a surface acoustic wave devi in a first exenplary enbodi men
of "the presdadenbelt t8n0: T FRFLCQHaRBEr LERREY| BT AIECHEDIS & LgRT (ML

| DT el Iect rodss édlt)a&wédaﬁhmwﬁlilhlﬁ'ﬁliebaﬁdhhedﬁoﬂﬁf?lﬁ ﬁﬂl‘éicdefl eQB@cérodes. f
pi ezoel ectric su r at aral'l e 0 e In direction of, propagation o
surface acoustic esfeu(’:%gﬁg'f'?ﬁe}'t evfiﬁa’eftéﬁse(rﬂ%tvécﬁs gﬁ?e@?f‘%ﬁl& oPHyat i on
of surface adfcpassbandatseduaticn manberimurehséd by maldngf thd @itk pdssome

overlap. The,d %R&ételz'l%&g%hgcéino Sslde st ﬁgaﬁ rogl%t yEethd Baks@ £ ‘éﬁxg' %l tul}OLar

el ectrode fingers n the positive electrode side connected

1la on the prefilecter cbbectrndessiggeaten] than uthed iwidtdf ofl edheydeléctymies 11d
on the negatdygeekectrode side connected to a bulbar 1la on the negative

el ectrode side™are interdigitated thus being connected to input term nals
15a, 15b through t4¢& PusHharmorea withcthyg,deyicpyiwheprths dapupandoutruto

slt ru tct ua ed _tﬁd&mﬁamb wtsea&rielt yuﬁﬁadal %@d\f&g@ vfdv@?fé’v&cb%_);[é_)@f hhltaapf&&%d tfﬁped . g
el ectroae si,.dae connecte O a pbu r a Qn e pPosSi Ve ectroqae s e an
o orur oty T SEPRRSEnD AMpuEcanbAuER: ASTTIIaTT 98 BELPaY SPaRsine
connect ed t dinputubndroutdutolDT edectyadées/.c edegtromanedidecoupsl iingt betiweprt at ed
t hus bei ' : t b 2a,
us being Cﬁi&“‘iﬁgﬁéf&ﬁ]%@g& L6t rEJT%?:lti*o&éQ ﬂag)y?%flg?%édigaﬁué PhSgel 28

12c. The structuré o ctrode fingers i'S such that

they are of THHt%Ynef Quf-pepagshandea§tenyatdienamay oo oh¥pisgdnatel y equal

to 1/8 of the waveletngiubtRbrmdie S WikaCenas OlSYide WaKe prandath§PRSE6uR- t he
sanme pitch, and both the |n£ I DT el ectrode 11 and the out{:)ut I

ut DT
el ectrode 12R§OZPLRIspateriab Prbueent Fiiet FE5Fo B9 oWt E1RR mgflector
reflection. ellearofies ahdrhblendiah tied phéscadestiBc aubstratd fiedhaidirbetiond of
the i nput |DIL gl ectrotg_% 11_on._the si ut D e 12 at a

predet erm ne°d" PP oP, Bhn THFE R palﬁ%%F%ﬁ'céW 3’(‘:5 ro e‘gaflf,e-gvﬁ%ﬁgécrt%% waves
at the end of the plezoelectric substrate may be absorbed and a £lat
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 plezoelectric 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.

A communications device in accordance with the present
invention is one including a mixer, a surface acoustic wave device
in accordance with the present invention of which the input side is
connected to the output side of the mixer, and an amplifier of which
the input side is connected to the output side of the surface acoustic
wave device, and enabling reduction in the number of factors related
to amplifier elements, or reduction in the amplifier power

dissipation thus providing superior cost performance.



10 second reflector electrodes 14 are provided at the end of the output IDT
el ectrode 12 on the side of the input IDT electrode 11 at a predeterm ned
di stance fromthe output IDT electrode 12. Furthernore, electrode fingers
13a and 14a are inclined so that the angle between a pl ane perpendicular to
the direction of propagation of the surface acoustic waves and the

el ectrode fingers 13a, 14a is 25 or smalleg. The first and the second
reflector electrodes 13, 14 are made by respectively disposing at the sane
pitch el ectrode fingers 13a, 1l4a having approxi mately the sane wi dth and

| engt h, and have reflection coefficient of approximately unity.
Consequently, the external configuration of the first and second reflector
el ectrodes 13, 14 is roughly a parallelogram Furthernore, the w dths of
the first and second reflector electrodes 13, 14 in the direction

per pendi cul ar t.Q di.rect.ion of  pr ion of the surface acoustic waves
are nmade to begga%é;?%efgn tIlé)(rgle(z)a{)etrhlgt ﬁg%gt%hg'w dths in the sane direction of
the input and out putFidDTlelec terledey10f p2surfpcenaeqnsitdc wave fewpise dnde
output |DT el egirodekehdlart? emBéiindelie 44 rthb ?meaecgmnrce&k.ect or el ectrodes
13, 14 are forned at jpositlons on tihe %'Sezoeﬁéctri c stébstrate 10 t hat
satisfy Equation (1)F29n2a % FR B Fi BITHRTE RRASEEC HRYRndC YT B fe
structure, whepeedncklegenpliaryseypalimest igfpthe enrefseom trlventhgnut term nal s

15a, 15b to the inpussd DI(£] eetd @dp Vibw Sl 566 RE0MMIIsC14RGE d&Vice in
propagated to the first reflectaor electr re ectegje%b{ the first
‘0

des 13 fl
reflector el ecPrbyed PE§mRIAFY pPERPSIEERY #0%??1@%&8%&’%"8? r el ectrodes
14. Subsequently, theisuBiakdsazdoptviewwe essuifdcecaaustbe walve dodondit i e

by the second Eﬁé'@ﬁ&areﬂn@%&f%o&ﬁ&f&oﬁra{c@l%&e&lé Al OfriRMt put 1 DT
el ectrode 12 and taken out at the qutput termnals 16a, 16b—as an el ectric

signal. In other word€: £hbiGhtohyiet HadeSHTEGE PPV FAVEKISH R Ehfhed
propagat i on rofberthasxémgeldryr shbaiidest aindhe gitesehbrimieetiorndes 13, 14 can

efficiently reflect hg& SHLf 366 26HUAkCoMAVETrdalal adiRk 1 PARE RN L OUgh
the input IDT electrode 11 and propgggte to the output IDT electrode 12, a

surface acoust fcEifPectRIGEY neRod™EnY Qf FRR SFEFBRT I10Ven it -a fl at pass
band characteristic mmy bHeb)pusvd dep.viewldf Bxsuqgiage yadousotk mame daviBegin 2 i s

a top view of g,sUileRfiCe AR al) CniBd EndRY bE Crld) pReSEROTHVEXATR ar Y
enbodi ment of the present 1nvention. Structural elements simlar to those

in Fig. 1 are desi grit9%d® by BhECR XHEY raff 8r BHESCR LFRASIELC HRYeqed et éh
will be omttesixth deecplatyi embotibdntiof bhe ginemenvninvieatpmi.nt s of
difference from the djiJ s} Q‘%”Pé@ﬁr%fs‘grﬁ%‘;g' &}I,;l}tace'a{},otulgﬁc 3&98”&’3&%_@ ary

embodi nent, sound- absorbing materi , 17/b are fornmed respectively
bet ween an i npfRVeIth exUlAgy cemppdinents OfnHhe FFPERR L AN¥PREYMde 14 and an
end of a piezoel ect riig.salst aatop 1w oA shetawe acaustdot yate 88M1lael éntanode

12, a {175t 1Ll B0k ShAGLE lihohindfll o2N:Rlh:AbehIMeREAR] oL 11 C

substrate 10. By torm ng sor bi n% matertals 1/7a, 17b, unwanted
reflection of surfadd9cddstd EoRaEY ot 2t HETBRAAPHSHfvaYT S8Vt iBfthe
propagati on of etdiehperaqalaegt entpdsméyst oft thd @Preaynbelnyestvizm.ed t her eby
realizing a flat passghapg s Fur L5enaRlCor @ satfQUe LLOHALSydit aedde Oln t he
first reflector electrode_13 and the second reflector electrode 14 are

el ectrical ly chiH@tPetrsiPiR™HULIPRALMaR, of 1 he PERRent 4pveronysphars 13c,
14b are el ectrical | wigonnecised wépd kriawcablacsutiffacel ectuside ddve damticd Ha
busbars 13b, 14 i { ! 4f . The cabl e
run el ectrode igte?lgﬁpggéﬁgggygerﬁb?ﬁg&%ﬁggge ec ?%&?u%g§%%13¥10 bet ween t he
i nput | DT el ectrode PLY-ahdl ¥sh@ tRR YEVW| T acFBEfaEdacaustls vavmmdaetcs déh

t hat : t hasda a d1B8verealegbmp Ny Bﬁi@odﬂndﬁﬁ':]oﬂ)(théi@d‘bs@fmtthﬁrehlﬂw. and ogt put
| DT el ectrodes 11, : t IS t el it he [.S a a,
12c, thereby furt he#%ghhgagsna IR é’?g'f’\rll\élgfdgf Flg%: aéaénapﬁfsg:\%gn‘fmll‘%\ég’de;}& h

el ect romagnet i & Wedpth raxepelare smbedinensuet B¢ PUEIRRt Loyerdiertrodes 11 12
thus achieving an i negeaseisn L4 vOsmbE 4 ¥ofertubnf sRAS&AACO I8 Wil ON.
Exenpl ary Ean%%gfnt 3: Fig. 3(a) and (b) are top views of a surface
acoustic wave P&V°€e in a third exenpl ary embodi ment of the prevent

i nvention. Structural elenents simlar to those in Fig. 2 are designated by
the sane reference nunerals and description will be omtted. 12 The poi nt
of difference of the surface acoustic wave device of this third exenplary
enbodi mrent fromthe surface acoustic wave device of the second exenpl ary
enbodi nent 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 11b, 11d, 12b, 12d have been changed so
that the input and output IDT electrodes 11, 12 becone unidirectional. By

. o



VWhile insertion | oss may be reduced when conpared with the surface acoustic
wave device of the second exenplary enbodi nent by making either one of the
i nput and output |IDT electrodes 11, 12 unidirectional, insertion |oss may
be further reduced by making both el ectrodes unidirectional. By dividing
the first and second reflector electrodes 13, 14 into plural units and
connecting themw th a respective cable ruf electrode 18 as shown in Fig.
3(b) and at the sanme tine connecting the busbars 13b, 14c to respective
grounding termnals 13f, 14f, the quantity of out-of-band attenuation is
expected to be further increasable than before division. However, it is not

desirabl e beca gae 181t°ﬂ Opmegrgge éﬁgralh%}ﬁtrseases the width of the

sable run electro as to be ma us resulting in an increase
in resistance | oss. BefrrEdnentq )dFaV%‘PS’(‘Fr - derdeperiniciosasel he Rt Pelpwoen

out - of - passban@xaip BAxyabnBsineh BOIE A6 EARSeAg il@ntesi Stance loss, it is
preferable that each of the reflectors divided into two be of approxi mately
t he sane size. Exenplary Enbodinment 4: Fig. 4 is a top view of a surface
acousti c wave deenpkanynEabdddmenh exenpl ary enbodi ment of the present

i nvention. Structurapgl §meRts hbpatic 6 1 GusfdbR aéo&h%ewm 'E_llegice?‘ igr g
designated by the same reference nunerals and description wll be omtted

The point of diffiF&F ATCEPHRTY FEPEIHERE S ChiFs PFRS SR A ERALCR - of this fourth
exenpl ary enbodi ment Ifi bastdiaifacé acbestid wavedenpder gn etmbodlmnélddtesdda n

the structure f I d i 3 r cond
refl ect gr gl ec'(tlr ogﬁ? ?38&'[11%& 3@';'&1%3?0&3 ?;% J’T tQIr“(’)d;eé fI}r‘] az#)igggele%‘%ﬁfgwer e
of the same sh&pBsEFRFeptd BAraliel e ‘t%’ﬁi“e@éé’ﬁﬁFh‘?‘W%ﬁﬁ%’éﬂ%ﬁ?n Of HArERPS ¢

and second r ef laectioticchaaisr gidesiddferlbFerned be asoldifrbe et gt prypaaoch ment

are forned by i ct i ffer
her ooy ey S8 LARLESAtEL] iegs 5 LE iR U GEL Rt RG, |
i nside the fir9oVeakap- second reflection electrodes 13, 14. By assigning

wei ghts to the r ef | egtid Qﬁp@hamcaercrtsba@smts Ehestfruestr@ndhseemreeuﬁct or

el ectrodes 13, n.this t out -,0f - and refle efficiency is
reduced thus eﬁ 1‘%°§r8ﬂe|%§85%2&ibng? ht e %?‘t’je/ Y c(gﬁ? 3s%°61£ﬁﬁgeé:
att enuati on. Byothénuﬁayr ha gnaumbbqi@h'anglwrpﬂe ﬂmdéth!sdwhehur:ﬁﬁarhgi o t he

el ectrode fingeigcthdme AfifherB ££d 38 ¥R g.@gaagrmyeaeroaadﬁ&oésﬁxmoeehhw
provi ding arbitrar refI ecti ﬁn char%cterl Sti gaes%r in the fourth

exenpl ary enbodi by endhginrgat Lee2 n@’éer BF?WQ%??? k_%i ng
the wi dth of tbeied eonmcmtedftmgmtst igainals 16he 1Shrmbrogghrithabuebdsctlamy be
obt ai ned by chapgi ng the phase of the reflected waves. In thi S case too, it

is preferable to gra uaII ch e.the Iect ode fin
Enbodi ment 5: Fig, 5t %ﬂ“ g‘?igﬁ}‘écttrc? S8fs':§ugg?’f‘§ic£é 8 n’g!'_%e
device in a fip€ mle»cenpdetrf}tngqimdtzbem td)fe mmtpves@wtrmﬁeﬁtld@monsectm ur al

el enents that %6%tdﬁ%b&@r@aaéntﬂh‘ésﬁoéi‘ciﬁbgele%t%&e Qﬁ%bgél?é dp Pyrdifiey sgere
reference nunerals and description be omtted % el ec¥rode

fingers 13d, 1ﬁae?tfdiﬂdﬁgfjt'}?§r§aw W‘dﬂ? Qﬁﬂaﬁ"tecﬂl%f'stré’pﬁcﬁ d@°‘?‘}°ﬁ§@11st°l3a
1l4a are provi dedbusbat 12e dheheorigaties blecioodd 3u)delsh®e dnmtddidgstatedothusnput
and output | DTyl @£E4aAiRYed bo ohdpit ttanmfaleq%abere%&rﬁeagﬁthe%wawfp@r s
13c, 14b. The conb el ectrodes 13d, 14d are nadé to a | ength such that the
shortest di st aht®" bet ween the ot her ends of the conb el ectrodes 13d, 14d
and the input and outhrubtiddEuekart thel@dedtirodb2firgemretlidhollidr 12lhan 28 hies
shortest di stapgg, hebweaihy heefof o tppﬁaﬁne%egotﬁeefahﬁgtﬁng%e&ttrhoqemlét 14

and the input and output I'DI el ectrodes c"% I%/E ing this
structure, ref P%%’t%‘riméF%]é’t PHHISThIAA B The BREsLength o T TP BiHtRCE é‘ﬁEésﬁfy be
formed in a | i watedaspatapdsedatpthevsaiens tahs vnfl doehaheusiput IR \ededenddee

having a Filteq;vakehor %tp&4x%%§§cé&£ {29%@%‘.}' S‘plﬂa&ffel)&&oae devh&eudsavi ng
att enuati on characterlstlc Ich IS steep near pass
to prevent internal reflection.

Also, first reflector electrodes 13 are provided at the end
of the input IDT electrode 1l on the side of the output IDT electrode
12 at a predetermined distance from the input IDT electrode 11, while



In the neantine, as shown in Fig. 5(b), by providing at the ends on the
side of the input and output |IDT electrodes 11, 12 of the first and second
reflector electrodes 13, 14 and in parallel with the el ectrode fingers 11d,
12d, electrode fingers 13g, 14g having a width equal to 1/8 of the

wavel ength of surface acoustic waves and to which ends of the el ectrode
fingers 13a, 13d, 14a, 14d are to be connaoted, unwanted reflection my be
prevented. Exenplary Enbodinent 6: Fig. 6 is a top view of a surface
acoustic wave device in a sixth exenplary enbodi nent of the present
invention. Structural elenents that are the sanme as those in Fig. 5 are
designated by the same reference numerals and des |1 be omtted.
The point of dfPIEFehtde5Fo1 I‘?Ee%'f’iﬂ%ﬁ efpt BF%V’&?%o%pﬁ%Pn%Srﬁ%%“‘muﬁh
exenpl ary enbotidTrerleckrede 12 phatheelséderofiehiei mgputs IDFeeldatarode el pragviaded
0 the first apRRCoRthd el heblioee! BELE 0GR onedt THE elmGitoge fingers

13e, 14e have the sane wd pi t as the el ectrode ers
and are provi dB¥F HEETOrYy ?H%C"(FGH‘B féi“@é%’? ddesanfialia 319 196\]/\;13? F‘I’léhéﬁd'éleof a

pi ezoel ectri c &sndasd bétwsehla piléde pafpetiadclibamgo amanﬂsxteediéxoobq&bgacjath%h

1l4c. Al so, the trodes 14e e hat t he
shortest di stacﬁ%%g’g v’\%%n tcousél e?’a‘éensdaoé%thn}qcong “?qerﬁ'es '3e afl?e and
an end of the P%eruetresiilerc ShpstirgteamDthe W?n@m?ﬁ@wtqrhalpqiﬁedshdmest

di stance betweep ddaemddd oY meéem% aeépRahgrathact fHlepidch eldctdean
end of the piezoelectric substrate 1

i ng. t hi
structure, reffHEeEF ]a%c]t"r‘aolb%"s?'nﬁaﬂﬁpﬁaxjr'%?qeggﬁi&rls%‘Ff‘fnﬁtgwgﬁn@ﬁir adan
that of the fihste gafilatdondoréficenorofehpptaxdgdetely3unilty .asCaizegnentlyli g. 5

may be forned {fiSe Kbl egnﬁgwate&@ @@ouﬁé i §ii’@:veaxﬁevde%%naa¥bf‘ﬂe@co§:' I'ter
waveform cl oser. to a_rectan In this sixt nbodi nent, too, as

inthe fifth eXEfsFaAss e]rf’bogi"néﬁtr°"tﬂ?l§r8v?ﬁar}§j i{’?’{aﬂ‘e eﬂ‘&fsthﬁfm?% fhPst
and second r efwistther o thet £ixkas ad@)sebénd wqfdpatdrlelactivdelel 2] ddt todhe
fingers 15 1dthectibn O?éﬁ%hﬁ@ﬂﬂafr' RYCkfie 1@0rectdtn h@é” Mp%gmfgrh aduak to

1/8 of the wavel ength surface acoustjc waves and whi ch ends of the

el ectrode fi ngtFEagateorshic peyes rg madp, to 1op, ea4ay t°1‘21’é 9ZpPRtey then the
connect ed, unwaiithd iretheckmeminaytimn pf echentrgoit dndenptmrty IFredecmdes?:
Fig. 7 is a top vipjgw of a surface acoustic wave device in a seventh

exenpl ary enbodi’mént_ of the present invention. Structural elenments that are
the same as those i i “FFE}GIT'?”SI' g Lnnitaf R oBEPY 1 EPE SlectRadeschive 1AufBhal s,
and descri pti othenflitsbeamirideicedd défElegotont eldctadbliderisnca4f aoen tdmeduntace
acoustic wave gHeMir¢endion tbﬁe% GER0ELRETP! Ak L0 b B bhSdediit1share
of soundabsorbj ng materi al 7a, 17b. Wiile in the second exefnplary

enbodi nent  soutid-=absor bi ng materials were provided only at both ends in the
direction of propagani ®suofaceuadaseiacausideviomhesing the pbeveetnutiure,

substrate 10, gungds %%QEPi&‘Q;igﬁéfrﬂsaiéptﬂtﬁh el %ﬁ@ fn gh%:‘mﬁnﬁ@ 1sgventh

exenpl ary enbocwrent al so at the ends parallel to i rection of

propagation of'¥urtfad@eadBRidt | PTates 6194 He - plst‘éf%%?eecatcr"l“ﬁtjs‘hﬁ?t"reét &8%%0,
that is, betwgeopbgstsal $o0l8iy fidst aedlédrpebedaiodes ridc sedisiatad byl @he By

enpl oyi ng thi Sfi%i:%%%@uofﬁl"é@%g&’eé £5) 86 bAbpadhtbd €o ‘%HQ sfaé&%r&fletch.@r

pi ezoel ectric substrate be further prevented. enpl ary Enbodi nent
8: electrodes 14 Su sequently, the surface acousti nave reflected

for the second time by the second reflector electrodes 14 are
propagated to the output IDT electrode 12 and taken out at the output
terminals 1l6a, 16b as an electric signal. In other words, though
the surface acoustic waves take a Z-shaped propagation route, as the
first and second reflector electrodes 13, 14 can efficiently reflect
the surface acoustic waves that have propagated through the input
IDT electrode 11 and propagate to the output IDT electrocde 12, a
surface acoustic wave device having a low insertion loss and a flat
pass band characteristic may be provided.



Fig. 8 and Fig. 9 are top views of a surface acoustic wave device in an

ei ght h exenpl ary enbodi nent of the present invention. Wile a

bal anced- bal anced type surface acoustic wave device was used in the first
to seventh exenpl ary enbodi ments, the surface acoustic wave device in the
ei ght h exenpl ary enbodi mrent is of unbal ancedbal anced type or

unbal anced-unbal anced type, where one of RQysbars 1la, 11lc, 12a, 12c on
either the input side or the output side, or on the input and output sides
are connected to grounding termnals 15c, 16¢c. In the case of an unbal anced
type, by connecting busbars 11c, 12a on the opposing sides of the input and
output IDT electrodes 11 12 to the grounding termnals 15c, 16¢ in this
Way, shielding effect 16 between the input and output |DT el ectrodes 11,
12 may be enhakbesgplanyl Brfpedéhertt r okmgneti ¢ coupli ng between the input and

output |DT el ectrodeggll; ;12,Mpy, b@e‘pro%vgrgtﬁ‘}ac& m&%uQEPﬁY'vﬁ'vggdéaulc@rﬂ?a
quantity of out-of - passband attenuatlon not shown, sane thing

applies to theS%edd renplggy a‘?ﬂ?é’&lﬂ?fﬁélﬁn% PF?%%‘“: EREEHSey EFEBatHRH o

Fig. 10 is a telementw simidasutbackosxCcdnsFig. Wavered@estgndtiedabpi tlidl same
exenpl ary enbopéfa%hcgfn&éa%apé ”heé ?@%&g’hlﬁtw%ﬁﬂ"t@é elements that are

the sane as those in Fig are eS| e sane reference nuneral s
and description will® H@S‘E)?ﬁptttiéﬁ WhMi 1‘%‘” PR QW@“S%‘&;d’l’i‘G ROdHS| of PLERPRTICReNt
connecti on of fpEoxheg fhusbas:enplary lébodiiinént.he Innghis asekbomndt puémﬁxzrxm nal s

Loh: L0a vl DERRLABS, 1 doRa SR LAAD G b G °qhE00esm N ok Al

exenpl ary enb ment ars and the input and
out put terni na?%SPPStl‘i%lYaP%t“tﬁ%‘né‘étiéﬁuwltDﬁ' %11‘%"@§ﬁ%%t1|1vea E4BPRd rghlector
el ectrode. By enmtecié ng ariaeaxbusbwaa blezocldetand stubet datpulo , aaml Bekwaish

term nal s 150, o Gt Mokl L Bab b | Al YBbheckbE JRBLSLADGS l3

t he busbars 11 be re e Insertron l1oss nay be re uced
Al'so, by usingi Bifthel:é’BPé°?Jtﬁ?t€F%cﬁt"rb(§a§§tq A%onnecting the busbars 11c,
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surface acousttnereByerdbVibey d Epat fid@ padqut | DT el ectrodes 21, 22 are

formed on a pl ezoel ?‘%!I:Hlerm%lﬂ'gs 13&‘&0%% fi@xgers 13a, 1l4a of the first reflector
electrode 13 and the second reflector electrode 14 are electrically
connected with busbars 13b, 13c, 14b, l4c; the busbars 13c, 14b are
electrically connected with a cable run electrode 18; and the busbars
13b, l4c are connected to grounding terminals 13f, 14f. The cable
run electrode 18 is provided on the piezoelectric substrate 10 between
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 busbars
1la, 1lc, 12a, l1l2c, thereby further enhancing shielding effect and
preventing electromagnetic coupling between the input and output IDT
electrodes 11, 12 thus achieving an lncrease 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
same reference numerals and description will be omitted.



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 el ectrode
21 is made by interdigitating a plurality of positive el ectrode side
el ectrode fingers 21b connected 17 to a busbar 2l1a on the positive
el ectrode side and a plurality of negative el ectrode side electrode fingers
21d connected to a busbar 21c on the negafi ve el ectrode side, and is
connected to input termnals 28a, 28b through the busbars 2la, 21c. The
output IDT electrode 22 is nade by interdigitating a plurality of positive
el ectrode side electrode fingers 22b connected to a busbar 22a on the
positive electrode side and a plurality of negative el ectrode side
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bul bar 25c of the third reflector electrode 25 , and the bul bar 24b of the
second reflector electrode 24 and the bul bar 26b of the fourth reflector

el ectrode 26 are electrically connected with respective cable run

el ectrodes 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, 30b
are provi ded between the input and output |IDT el ectrodes 21, 22 on the
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1s el ectromagnetic coupling between the input IDT and output TDT el ectrodes
21, 22 and increasing the quantity of out-of-passband attenuati on. Though
the first to the fourth reflector electrodes 23, 24, 25, 26 may be
connected to the grounding termnals with a single cable run electrode, in
order to obtain a high shielding effect it is preferable to connect the
first reflector electrode 23 and the third3reflector electrode 25 on both
sides of the input IDT electrode 21, and the third reflector el ectrode 24
and the fourth reflector electrode 26 on both sides of the output IDT

el ectrode 22, with respective separate cable run el ectrodes 30a, 30b as
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In this surface acoustic wave device, input and output |DT el ectrodes 41,
42 are provided on a piezoelectric substrate 40 parallel to the direction
of propagati on of surface acoustic waves and in a manner such that they
overlap with a fifth reflector electrode 47 in between. The input IDT

el ectrode 41 is made by interdigitating a plurality of electrode fingers
41b on the side of the positive electrodejgonnected to a bul bar 41a on the
positive electrode side and a plurality of electrode fingers 41d on the
side of the negative el ectrode connected to a bul bar 41c on the side of the
negative el ectrode) thereby being connected to input termnals 49a 49b
through the busbars 41a, 4lc. The output |DT el ectrode 42 is made
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el ect r ode t her eby preventing el ectromagnetic coupling between the input and
out put IDT el ectrodes 41) 42. In a surface acoustic wave device of the
above structure, when 23 an electric signal is inputted to the input
termnals 49a, 49b, it reaches at the output termnminals 50a, 50b through any
one of the follow ng propagation routes. First is the input IDT el ectrode
41 first reflector electrode 43 second refl ector el ectrode 44 output |1DT
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Al'so, the reflector electrodes provided with the input and output |DT

el ectrodes 41, 42 in between have the sane structure. That is, the first
reflector electrode 43 and the third reflector el ectrode 45 have the sane
structure, and the second reflector electrode 44 and the fourth reflector

el ectrode 46 have the sanme structure. Al so, by making the structure of the
first reflector electrode 43 different frdmthat of the second reflector

el ectrode 44 by changing, for exanple, the width of at |east sone of the

el ectrode fingers 43a, 44a as in the fourth exenpl ary enbodi nent, weighting
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ends of the plaé‘feé‘P-‘ém riateslpks ré’t”té- 49h.n tWhdlgi dactthen SGFOW OPERIRL RN of
surfacedaco?istém@owa& Oéodﬂﬂleabﬂ@ﬁﬁingnﬂawﬁﬁayé vrelaxl preetdeadesiy bt béi.-:h
unwant ed refl ectio t S igzoelectri trat may
be further prevént%ﬁ%‘ Qf ot orm%‘rar r%‘fagtahgmgn S Ul“Ejit‘raa ﬁ?c’utslégg iR re%tl on
of propagati o Me@eiﬁa'@:!écaﬁﬂhﬁ;?ﬁte Mvéguﬁﬁ'abﬁ@r‘iilnémpﬁéﬂﬁ é7€S-ub75h g e 40.

Al 'so) while t ffarab@\ia tdﬂsﬁédelii@ﬂ eXefp Pxy @MsidSindrt W&aé&:‘l&bc‘&xdlsspdi'falﬁel

bal anced- bal a t case of an bal anced- bal
unbal anced- un gh%éﬁ' GS#P%P neﬁ?)p%é?réngﬁuf s af’?ugl% p?”%?eesr 861 E% o
connect the ompeswﬂgpdmmmmtbsntcte 42a tdfatt he. ibepueerabusbanspdsbl DRc and

el ectrodes 41¢h42p£&ogrjgcg§i@1gqb@&attgrm nal s. Furthernore, though t he
connection between o 42a 42 put

d ou
| DT el ectrodes 41, ‘2 aﬁg°¥€eg Fﬁéﬁtstgﬁ Sy it g?%‘lrnapecétﬁp 513% a, 50b
is done with éaseﬁgqfetbami@zpa#@lréet$Wéram/ 18ongie dei fior thies b’fﬁ;’l?aFBd41a,
41c) 42a, 42c and the input and output term nals 49a, 49b, 50a, 50b with
plural cable un%ée]i ect ogle% gsr satance | oss in the busbars 41l1a, 4lo, 42a,
42c may be re 'gcf Pi ng t'he insertion | oss. Now, a description
will be given on théispownaed duenoh ane the wlewsaek aasvubadec agenatidevives of

the present i@¥eidd 9A-ad digfth @ﬁ&h@ﬁﬁ%@ouméﬂtoef el sﬁesfefntt HRehikist. to
the fifth reflwgg or el.ectr 4%% 46, 47

LoCui thin t replin Bisaedtel satsa Hie it ess neprb LR pees Aatidse e 195 ont | y
refl ected and ihetrt@efmsrﬁ ¢ geiventtti erenpflarpfembedbyents?Ghel wfﬁgd@@ona‘yict)e

achi eved. Her gavd hfaviBbald zakl Qﬂgﬂt?ht bﬁeﬁ.ﬁae}?f A iASnE h% bat ihgh¥&sn the

wi dth of an e trode finge rode ger s e. is a
factor that aPRLEIS Febq S WP IGHORH TIEFLARF oo F R, PRES 208,08 PESHEATLs e
wel | as the tétperideurBReahizacneelgterctlzs inbut sdde dusthe madtphtitadde, (o2 ) By
changi ng the pgfdRCLA GRarREhRE  stlabE e Edifekitb&teo Eféxﬁﬁltiﬁg t‘“elrﬁ's?ﬁéﬂdes
13) 23, 43 angﬂsthat of the second reflector electrodes 14, 2

changi ng t he At H®8nd nunmber of the el ectrode fi ngers 13a, 14a 23a 24a,
43a, 44a, a surfacelmtbesiase afosr udbvlaeelaypag by ¢ampetm@bustarsoflc,

out - of - passbha t pi ry
substrates 10@513%5 égé?aéir%flga%irﬁgtwrc}% Eﬁ%iutatg gas Oé?pltrugg e?LéQ?:.Lﬁ%fets i|1‘I‘a

Li NbO, or thel?itiocthe sreupd B?é’(?rm%“%ls) 151‘?1-e1?‘hﬁﬂtthéﬁd”aé’ut‘ﬁ}}13 fiing 8fERAY odes
1, 12 , 21, 22, 41, 42) the first to the fifth reflector el ectrodes 13,
14, 23, 24, 25, 26, 43, 44, 45, 46, 47, and the cable run el ectrodes 18,
30a, 30b are forned by using a nmetal having alum num as the main
constituent . (5) The structures of the input IDT electrodes 11, 21, 41 and
the output IDT el ectrodes 12) 22, 42 may be different, but size reduction
of surface acoustic wave devices may be easier when their sizes axe
simlar.



( 6) By making the widths in the direction perpendicular to the direction
of propagation of surface acoustic waves of the first to the fifth
reflector electrodes 13, 14, 23, 24, 25) 26, 43, 44, 47 greater than those
of the input and output TDT el ectrodes 11, 12, 2I, 22, al, 42, the
reflection efficiency of surface acoustic waves may be inproved. (7)
Insertion | oss may be nmade snall er by nekiég 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 refl ected waves nmay be
enhanced by formng the sou sorbl rial ) A7b 7a 27b, .48a,
48b as |l arge aée%w(?g iQTe l%%\@ga PRy ?IrD g?e St éegf ﬁ? t hﬂzr g Yecet gphanced

el ectrodes 13)ardd] thg3glegdropdgne2bc cbpliny b45wee46 the 7irgud an<2©uth'et ands of
the pi ezoel ectyi gosulhst 1at 95 Al p@Qrotlheda StrhusBid Adis dIgaidy b ihe

si xth exenpl ary_embodi ment i nput and out put ctrodes 11,
12 were uni di r®ctaunaf- F@lséE?‘F%&&emﬁrt&Bﬁgatl on efficiency of surface
acoustic waves nay bﬂxﬁ&hﬁﬂ&ﬁd Byowirp| @yenghimy dippades obal tied egise0de aven
in one of the he first exenplary enbodi nent. (10) By
provi di ng then%é%%gegwgfl &]ggé 18, 30a, 30b which also work as
shi el ding el ectrodes at Ieast in the opposing portions between the input
and out put | DIesdmpabrpda®odiment?, &1, 22, 41, 42 , an el ectromagnetic
coupling between the.,inpyt ;and out T e d uppre he
shi el di ng effect nm% Pur%is Be ()l%rr%!rﬂ%“\'/e? Js‘?chtacg g&flﬁs%ié ‘EEFVG s ce L’
el ectrodes- 182 ndphh exeEPlaryl amtg@iasnb%sﬂtﬁ éreﬁ(enflii}"ﬁ\Méﬁnus iSthF“O’C—"Rl
CL ystal as theemn@aeeltmtr%@ ?lhﬁ)%wh&taestﬁkﬁ;,e Q:O,Figo 2 ghe deenrgﬁwdunge the y
characteristic enc riftd,8ss on [ C its pea
t enperat ure cané"b g rare e cen er%?ﬁié)sr ilpl ym}ooimtg?rpelria ure) of the
desired tenperature Whéthgeslnt lfhe f peerndh cgxedplary bemhaddgentpronnppgion hef

entire tenper aépﬁoaiﬁgrhg:ebairmnef qrze,wwmeahé Qhfut Gnldheu fpuezosiiahbis A s,
substrates 10, 62a Waéo V:I\:'Afgprn r(ﬁ tlg:r ngIe c glep %?héfém%%f;%t !tﬂe nQ.nth

frequency dri fjt depe cut 1 €z0oe

substrat es 10,exEgplagy e'a‘PRﬁif“PP‘Fn Pﬁﬂtﬂﬁ%‘sg §harwshé¥%wiaﬂ%ﬁnﬁé:ﬂ‘ied§%¥ t he

i nput and out pifa bblp@ e6dinRes 15l, 1829re2tonrebtedlwii’ a Bdéheclievé idabllet O
the fifth refl S&t o% eI eﬁt rodes 13) 14, 23, 24) 25, 26, 43, 44, 45, 46) A47.
Consequent | vy, as the’ Perence in the metalization ratios of the i nput and
out put | DT el ectrod®y donnegping the pbarg filajgil2c gpd theelppytsand puthutfifth

[ ﬁf | ect or te! ecae&ﬁdﬁ%sl@sb 1fsa ai&ua Bﬁra&%at&@ irﬂ-aais‘]ﬁay Abne éasitséznhﬁqaﬁfast,

e respectiv enper at ur 1ffets esentin arnfu
effect of a grég'?g%r?élﬁgggrf ﬂa?hglzfcl fHerec arugg éralngt ?%e \F/imnfﬁr ieorrrlpg(r)a i It
is thus preferkgoiredudrst- the difference in netalization ratios of the i nput
?_n]gi ﬁut p]tglt I DT el lecm@agsymsm&?pluﬂl o%gle‘kaem 4faé:t&gde§ ng éirgrﬁbtiéxﬁy Eg&b

ifth reflect ect.r.ode e
0.15, preferab ufgﬁri 1olrc st réhe’Alingut }1 ¢ %f %ermb%f’alf hasial théb dltf’?érence
in the netal i Z&e oepdsgnphes 19&§ viaethe h@sbdr}ss%1qle#?@@t%'rbfelreé‘e¢€t§7de%nd the 13,
23, 43 and theangeeeish neki afdyobe bRbs@des 14, 24, 44 be about 0. 05.
Exenpl ary Enbodi nent 12: Fig) 13 is a transmt/receive circuit diagramof a
communi cations device. Wile surface acoustic wave devices of the present
i nventi on nay Bxempiaxy EwbedimeRttrddsmi t/recei ve bandpass filters, a

description will bngquri QE @trogceiéwoelacaartfaaé aﬁwhfseﬁ@ WRAGBUSSViCeVay €
devi ces are rmr en usgaqy S ters O%‘h |ve circuits. The
S

P
recei ve ci rcuﬂ |eé‘emli b%%g‘g?g gz%d%eesegfzr %ere radi o waves
recei ved by an anteiﬁnatlﬂ@ avefageaachsdipywane daviema labut dad gutpugndDbT

converted int @13Btiddda" Q?d'ﬁearfer @aﬂﬁdacxénbx aiéuoé%oéﬂi@fshsstm%swgm
t hrough an LNA82 and an ban ‘?"&38 fil sturfa e acoustic wav
g1y Q-8

devi ce in accdPiantet W‘ilhﬂ?‘h 8ﬂt°f|%?8ﬁ??'bjr?"i & APUEse H’gvﬁﬂt put
si de of the nixea mahnamdsuch thet myawdrﬂabammMsSOflmeém 8&g.hat passes

the intermediate freaguefi %Tuaiél&r%aéuﬁafé @5&18&9 Qn‘ﬁ@l‘@iﬂ‘%\éhﬁﬁg of the
present invention, It is possible to reduce pber of elenents of an IF

amplifier 86 RMUFHEHYLE A ’ﬁ&ﬁél‘elﬂf’%@dﬁaﬁﬁd&rﬂﬁf’tfﬂ@ FERGRRS 270 086 tedier eby

provi di ng a communi cati ons device with a good cost perfornance.



| ndustrial Applicability: The present invention provides a surface acoustic
wave devi ce havi ng superior in-passband characteristic by allow ng

ef ficient propagation of surface acoustic waves fromthe input |DT

el ectrode to the output |IDT el ectrode. 28 c~, AZMs |. A surface acoustic
wave device conprising a piezoelectric substrate) input and out put
interdigital transducer ( IDT j el ectroded’provided an said piezoelectric
substrate in a manner such that the direction of propagation of surface
acoustic waves is parallel; a first reflector electrode provided an the

out put side of said surface acoustic waves at a predeterm ned di stance from

said input |nteld ghidl: LaanfiuGer paliedls alBoc Al 3:30G000a IALLEELES o
el ectrode provided at a predeterm ned | stance from sai d output

i nterdigital tregidduealesteede side pheathrdn fdnIetR Rl IPonnegtad S ef hitedar
acousti c wavesaiefdrecied neyasaid dliecstodeefdi@et oanel £t saadecean fie fighltect ed

Buati on 1 15 SHPSRHEAEL (4 Brouth InlhtiRa o218 °(1 | CWhere 8 angl e
of inclination of sdhg putsut GiDTsgilectradond2 r £f |eagieo by eletandddétatangt ave t o
a plane perpengh glahafy b@ JoBet Nd 854dt2Ba0% 188 BPEGA 1A 19he B4 bHIREEnALAA! | C
waves of said | nput and qutput | DT electrodes in degrees (excluding zero
degree); D cehl & PPEPFALROY TP AR 1S ~‘-3Sn°8’f:r?dr’?es Yiond ?)fplélaFﬁi'%nﬁﬁt and
out put | DT el exdgatdes elacth@iedside plestnode fdndexuRad doonedteeddte ecttusiparof
propagati on of;/lIfnaGRe2a04SiIve WRYSSodb: sE&IN! Anal 25 CEMMRIctdl SE@NGRJuR UM
of said first and second reflector electrodes. 2, The_surface acoustic wave
devi ce of cl ai ?ﬁrf'iﬂ)ﬁg? R 827 t&ﬁﬁ&?h th °ol?u5§’ﬁﬁlsl%2ra't AR 25. 3. The surface
acoustic wave devi c&agh o©lfaithel edecteede r &frgecsi @ibcoefifli ciz8ht s20f dasd
first and secofjh b@ihS19" thd @ahbOAGHLA! & ARREPHLPRORINATR WY AHquh® i1l Y-

of the wavelength of surface acoustic waves, and disposed at the

same pltch. Both the input and the output IDT electrodes 21, 22 are

split electrodes having a structure to prevent internal reflection.

Furthermore, first and third reflector electrodes 23, 25 are

provided on both sides of the input IDT electrode 21 in the direction

of propagation of surface acoustic waves at a predetermined dlstance

from the input IDT electrode 21, and second and fourth reflector

electrodes 24, 26 are provided on both sides of the output IDT

electrode 22 in the direction of propagation of surface acoustic waves

at a predetermined distance from 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 output IDT electrodes 21,

22 and the electrode fingers 23a, 24a, 25a, 26a is egqual to or smaller

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 electrodes 23, 24, 25, 26 are roughly aparallelogram. Also,

the widths of the first to the fourth reflector electrodes 23, 24,

25, 26 in the direction perpendicular to the direction of propagation

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



4. The surface acoustic wave device of claim1l wherein at | east one of said
i nput and output interdigital transducer electrodes is a unidirectional

el ectrode. 5 . The surface acoustic wave device of claim1 wherein said
first and second reflector electrodes are electrically connected and
grounded with a sable run el ectrode provi Pged bet ween said i nput and 29
output interdigital transducer electrodes.” 6. The surface acoustic wave
device of claim5 wherein said first and second refl ector el ectrodes are
divided into plural units . 7. The surface acoustic wave device of claim5
wherein said cable run el ectrode i s made broader than busbars of said input
and out put i ntefr digiibhpht tnansdpcelDeledettndies. 2B, 2The Sy fanedaoaitibhc wave

device of claim 1 whgt &b Al-RlC AT IINGN IRUNIph NG BT AN 55w dEh,

angle of inclination as those o ectrode Ngers r &t &ét or
el ectrodes butanshbhg ELrsth tpeigt fFoudhprasitieger @ﬂeatrqdeas%&oaé @b . t3fearnds

toward said i nyhednsh QUpPatod1BbEFIH Gubatrddedns dale Yosel fals eHes Nitigayd
refl ector el e%ﬁagg%n (% The surface acoustic wave device of claim$8
wherein an el fii I)]g having a wi dth approxi mately equal to 1/8 of
t he wavel ength of s#hé¢mes @@G&SN eigradets iapppresl tdddiei InpparAT eleakicbfiet he

el ectrode f1ngarseof sakdol MRNdbol tabe! 40NMAURRGLE BRLTAIIGS Loruciapgect ing

ends of electrode fingers at the ends toward said Interdigital transducer
el ectrodes of SZface éPPBEHfr wares 1356d BECRA P etP \ﬁhﬁhfﬁr@néf‘? Hethisde
finger. 10. Theflactacelactssivs C23vaLk, defileetal bgl thenfirsthamai the ehliedti on

charact er i sti G oAl olLlsloab8T£CES! Hlepianlachs PR, didkheq sl thom

that of said second ector el'ect face acoustic wav
devi ce of cl alftﬁuit%é?féieﬁtﬂ"ét%qcfgt’?% 4t %8s offuksparentivt thed %’é@éﬁﬂ
refl ector el ecicoastes: aaees Ii‘efhﬁ:ﬁ’eﬂngﬁ: @hd Feiconf. tAme By thd hecondfamethe

acousti c wave i f, t

fingers of thef%?ﬁé‘#l? ?ieé:d Qfescg egésle'é grea%%r 8%?1%?;%%8 Q?%ghgxﬁw ?I&gr

el ectrode fingdestrod® 23handytdkane ot Afsen celepfelealigeal dirom thenontamter ei n
a third refl eclegnigdirChb@degbs ﬂ*h@’lil:dﬁdtﬁé aalrwaedeicehatwd;adwt@keet&é om

sai d input |nter i tal transducer ctrode_.on e, opposi he si de
of said input ?eer %g‘i’rtoé’lag?é ﬁlsd‘?mers 2 edof?%t(feot\r/‘\/:l}g?eelgeé"ltﬁg% ?; F&FF%ct or
el ectrode is memm, elprtradé @dr t isecerd seflnctoregliecytdedd 34 pr ovkRIKJIRE a

predet er m ned db&tAMee23 f Q%S@Egv@égeﬁuﬁ-éﬂbﬁﬂcﬂcﬁitbaef tihﬁﬁ‘ts db@(“éle%ltﬁ&ié ode
on the side opposife the §i.de. 9% 12aLbhUbRUt LILE! UgiLale! LR0SdUG8 56
output IDT electrode 22, Consequently, as bi-directional surface
acoustic waves that propagate in the input IDT electrode 21 can be
efficlently 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 fi-rst reflector
electrode 23 and the busbar 25¢c 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
with respective cable run electrodes 30a, 30b, and the busbars 23b,
24c, 25bH, 26c are grounded to grounding terminals 23d, 24d, 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 2la, 21c¢, 22a, 22c of the input and output IDT electrodes

21, 22, thereby further enhancing shielding effect hence preventing



second reflector electrode is provided. 14. The surface acoustic wave
device of claim 1l wherein at | east one of said input and out put
interdigital transducer electrodes is conprised of a split el ectrode having
an el ectrode finger width approximately equal to ~,/8 (7~ being wavel ength
of surface acoustic waves). 15. The surface acoustic wave device of claim1l
wherei n, when the input and output term nalds of said surface acoustic wave
devi ce are of an unbal anced type, input and output term nals on the side of
t he opposing input and output interdigital transducer electrodes are
grounded. 16. The surface acoustic mave device of claim1l wherein a

d-ab bi 4
SOLUNG- asor bl Ny I%F“h%'{ DJOQI |n t &wggrec & EuM proanandslgg '%T Rh face

reflector electrodes a e en | on pagat
acousti c wavesebectgidgs ptlez 3@l aed rinereaping fhe quERtiTheofs ont aufe passbmid
wave devi ce of ag{@{d@tignv\her ein a sound-absorbing material is provided al so

between said first cond ref| ector Iectrod and the end paraIIeI to
the direction of prgg}félgg §}F SETRLMPatRe 388’6"31} & i\?ﬁ}:é? orectapdes 23. 24,
pi ezoel ectric 8ubgtmalyde dBinesteditddbe xcvusdingcteranisalievl ea sdnyld saiyp a

pi ezoel ectric §szsélre%tt§odé NRY o288 Q&bt BBEaix{‘tae'im.dLbH' $1ﬁe1&ix§’g§‘%‘¥f‘é@£ it is
(IDT) el ectrodes provided in parallel on sai 6$| ezoel ectric substrate, first

to fourth refl BE ﬁﬁraé?‘%c??r%‘é’secﬁrt&?lﬁédttfﬁfﬁ rspifstrafe 23iapd truthindd
out put i nterdi getldctbraisdtcede @bast bouesides HEfitbe trefutemnDelettantisaie

provi ded bet weghy Sgidl tﬂi%utreéﬂ&lc&ui %‘iEc{:fUd%r c&uglahal th aaf@:% reflE&id00eES,
wherein said first to fourt ector electrodes are 1 nclined
appr oxi mat el y eHeFEERAR %%gq”e bPéPa’FHFé £5 thgy1outBubhetPepdpretnode Fg t'fih

direction of preysgaiversephrste fcadbte anmusléectrodee30alo3oblae dascirabed in

acousti c wave i f Equation (2) is satisfied: 2(8 -
5) s tan' 1(D/ L?ﬁés/ t%?gﬂ ef}g%;%}%]ﬂg?g{ﬁﬁan l e of inclination in degrees

(excl udi ng zero degri®e)@ o0y eé%tiﬁnér?ﬁeréa}‘ﬂ F9 r SePF LR BYIr SFOUNSS | ¢t or
31 el ectrodes ¢gsdwmiding ﬂe@mﬂnap]lsalﬂad,pes@eﬁddGmbagrohﬁdirh_ﬁtdhﬁi@ﬁtlb(B’ldof26d

propagation of surfage agPHsid.e éé\‘feceéo&és % E ir{{}%%d%?%(ﬁgt #\ 2519 nput

el ectrodes; D. center-to-center stance in
and out put | DT*RE eRERUSIEYT elpatmades fbc P dR bﬁé?’ﬁ%‘hﬂF%ﬂF&Petsém? FETHEFWEi on
of propagati onNaelgur tixc eizeousifilecuar esleckrodee2Beand cheethifd dbsSledtoe i n

Eun of said f'éﬂctﬁ."gge Sﬁﬁ%{,}g Bgféh%cggrﬂe Q..Jt &Eﬁ%esangqihe-rggtﬁ %g%fe QUS“ c

wave device of claim 19 whereln to or The
surface acoust$keakioge c?é’vP'(‘,% the %‘?"eFth ﬁeé?l\ﬁﬁé‘?(’”eleﬁeﬁfé’dﬁe?q éE?le-ntB%eﬁaf“iem ent
of said refl ecétorucehest raﬂms |as SN0 1 h Netfee Eyuattin b;temp’ll&ryTétﬁbcﬂUlmémﬁe by

acoustic wave rgﬁc\i'nﬁet@é £l oMREE &l cil.%c@}:o&ee§§t ad éng ?écadn% ?: :

out put interdiqgit trans ucer el ectrodes Is conpri se ecl eCtrOde
havi ng an el ect¥a5gE°¢e Fgediffegent &am%&cﬁﬂ%?ycwﬁa‘w fhacging ‘(Mthb‘é‘f A§ t he
wavel engt h of Baastasmenodudlel €lewaye89 fingers 23a, 24a as shown in the fourth

exemplary embodiment, it 1s possible to assign weighting to the
reflection characteristic of the reflector electrodes as shown in
the fourth exemplary embodiment, make the out-of -p'as sband reflection
efficiency small, and increase the qtiantity of out-of-passband
attenuation.

Same thing as said in the above described fifth to the ninth
exemplary embodiments may be sald on the surface acoustic wave device
of the tenth exemplary embodiment. Namely, by providing electrode
fingers having the same pitch, width, and angle of inclination as
the electrode fingers 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



23. The surface acoustic wave device of claim 18 wherein said fifth
reflector electrode is grounded. 24. The surface acoustic wave devi ce of
claim 18 Wierein an el ectrode finger having the same pitch, Wdth, angle of
inclination as those of the electrode fingers of said reflector electrodes
but shorter in length is provided at at | east one of the ends of said
reflector electrodes toward said i nput angb output interdigital transducer

el ectrodes. 25. The surface acoustic wave device of claim24 wherein an

el ectrode finger having a Wdth approxi mtely equal to 1/8 of the

wavel ength of surface acoustic waves is provided in parallel with the

el ectrode fingers of said t erdigj tran ducer el ectrodes for connecting
ends of el ect red‘(?@pf"i"f?gﬁ‘f’%"ddf“eflﬁe eJFr"dltFSV%?rvﬁ & GLP7k &P JRELAPHL PR er

el ect rodes of dbtteinef.| eklsor, bt provigies gir bive dads wift theaf Siwdr to ¢he fonotle
finger. 26. T%fiueé&cslm%b G ey @lev'z@etdaﬁara'@fenm&tw@?d @g@pdte&bfct' on

characteristic of said first and second | ect or | ectrodes 1s
di fferent frorfleREFodss 24r d2% hity d’aéﬁhl%l’jf’t Rhe é"rlieé?EF?J‘?e eﬁlééf’?*bc?ééi 274 The
surface acoustdlectend Hengaa® Bivitigaa Mid8h wipprekimatelal dqalli ©n 1y atdfoshef

said first to wfalve.tl.g| t%f :LP%LQE ceel gg&ds(%qg%a%reg t'é:”m%&% Eg elgﬁfothe ]F}e%t%bgg 28.
~ The surface "acoustic wave d%w ce of claim1 erern dT K of “Sone
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el ectrodes is nAy€Bé qrret,b@fbd he wi dth of other electrode fingers. 29. The
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termnals of said sufface acoustic wave dovi cerar®e’d &ABnce ype,

the input and s3Bipen edepraonsl §irgershen dirgesHlesoppodingirshie Bl fourput
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bet ween said firs actrod e en
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substrate. 31. nTb@tﬁngriﬁage acousti c wave device of claim30 wherein

asound- absorbi ng ma erl al provi ded betwe n_sai ourth
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device the | n%‘égusséi% waves\M%l tche Pnputgan%oorlxrt]:EEE ?g'l‘ egec rodes 21, 22, unwanted
reflection at the end faces of the piezoelectric substrate 20 may
be further prevented by also forming at the ends parallel to the
direction of propagation of surface acoustic waves of the
plezoelectric substrate 20.

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-unbalanceq type, it is
preferable to connect the opposing busbars 21lc, 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, 29a is done with a single cable
run electrode, by connecting the bugbars 21¢, 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:
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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
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zodY:, 10L& 1og/§‘la(glane perpendicular to the direction of propagation of surface
acoustic waves of the input and output IDT electrodes 41, 42 and the
electrode fingers 43a, 44a, 45a, 46a is equal to or smaller than 25
Each of the first to the fourth reflector electrodes 43, 44, 45, 46
is made by disposing respective electrode fingers 43a, 44a, 45a, 46a
having approximately the same width and length at the same pitch and
connecting to each respective grounding terminals 43d, 444, 45d, 464.
Also, the reflection coefficlent 1s approximately wunity.
Consequently, the outer configuration of the first to the fourth
reflector electrodes 43, 44, 45, 46 is roughly a parallelogram. Also,
the widths of the first to the fourth reflector electrodes 43, 44,
45, 46 in the direction perpendiculdar to the direction of propagation
of the surface acoustic waves are equal to or greater than the widths
in the same direction of the input and output IDT electrodes 41, 42.
Also, the input and output IDT electrodes 41, 42, and the first
to the fourth reflector electrodes 43, 44, 45, 46 are formed on the
plezoelectric substrate 40 at positilons that satisfy Equation (2).
A £fifth 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, 47¢c, and the electrode fingers
41b, 41d, 42b, 424 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 reflector electrode 47 is
a rectangle. In addition, the length in the direction of propagation
of surface acoustic waves of the £ifth reflector electrode 47 is made
equal 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 electrically connected
to grounding terminals 47d. As a result, the fifth reflector
electrode 47 works also as a shielding electrode thereby preventing
electromagnetic coupling between the input and output IDT electrodes
41, 42,
In a surface acoustic wave device of the above structure, when
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following propagation routes.

First is the input IDT electrode 41 first reflector electrode
43 sgecond reflector electrode 44 output IDT electrode 42 route;
second is the input IDT electrode 41 third reflector electrode 45

fourth reflector electrode 46 output IDT electrode 42 route; third
is the input IDT electrode 41 first reflector electrode 43 £ifth
reflector electrode 47 fourth reflector electrode 46 output IDT
electrode 42 route; and fourth is the input IDT electrode 41 third
reflector electrode 45 fifth reflector electrode 47 second
reflector electrode 44 output IDT electrode 42 route, totaling four
propagation routes.

Accordingly, as - bi-directional surface acoustic waves
propagating through the input IDT electrode 41 are efficiently
propagated to the output IDT electrode 42, insertion loss may be
further reduced when compared with the surface acoustic wave device
described in the first exemplary embodiment.

Also, the reflector electrodes provided with the input and
output IDT electrodes 41, 42 in 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 reflector electrode 44 by changing, for
example, the width of at least some of the eleci:rode fingers 43a,
44a as in the fourth exemplary embodiment, weighting may be assigned
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 f£ifth to the tenth
exemplary embodiments may be said on the surface acoustic wave device
of the eleventh exemplary embodiment.

Namely, by providing electrode fingers having the same pitch,
width, and angle of inclination as the electrode fingers 43a, 44a,
45a, 46a of the first to the fourth reflector electrodes 43, 44, 45,
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10%g& ()-Sloo/ggfu(f)a-ce acoustic wave device having a filter waveform close to a
rectangle may be obtained. Also, similar effect may be obtained by
providing similar electrode fingers on the sides of the first to the
fourth reflector electrodes 43, 44, 45, 46 toward an end of the
plezoelectric substrate 40 as was shown in the sixth exemplary
embodiment. Needless to say, better effect may be obtained by
providing similar electrode fingers on both sides.

In the above described eleventh exemplary embodiment, although
sound-absorbing materials 48a, 48b are formed at the ends of the
plezoelectric substrate 40 in the direction of propagation of surface
acoustic waves of the input and output IDT electrodes 41, 42, unwanted
reflection at the end faces of the piezoelectric substrate 40 may
be further prevented by also forming at the ends parallel to the
direction of propagation of surface acoustic waves of the
plezoelectric substrate 40.

Also, while the above-desoribed surface acoustic wave device
is of a balanced-balanced type, in the case of an unbalanced-balanced,
unbalanced-unbalanced, or balanced-unbalanced type, it 1is
preferable to connect the opposing busbars 41c, 42a of the input and
output IDT electrodes 41, 42 to the grounding terminals.

Furthermore, though the connection between the busbars 4la,
41c, 42a, 42c of the input and output IDT electrodes 41, 42 and the
input and output terminals 49a, 49b, 50a, 50b is &one 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 4la, 4l1lc, 42a,
42¢ 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 £ifth
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
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electrodes may be achieved. Here, the metalization ratio is defined
as the ratio between the width of an electrode finger and the
inter-electrode finger space. It is a factor that affects the
reflection efficiency of surface acoustic waves as well as the
temperature characteristic as will be described later.

{2) By changing the reflection characteristic of the first
reflector electrodes 13, 23, 43 and that of the second reflector
electrodes 14, 24, 44 by changing the width and number of the electrode
fingers 13a, 14a, 23a, 24a, 43a, 44a, a surface acoustic wave device
having a large quantity of out-of-passband attenuation may be
obtained.

(3) As the piezoelectric substrates 10, 20, 40, single
crystal substrates of rock crystal, LiTaO,, LiNbQ,; or the like are
employed.

(4) The input and output IDT electrodes 11, 12, 21, 22, 41,
42, the first to the fifth reflector electrodes 13, 14, 23, 24, 25,
26, 43, 44, 45, 46, 47, and the cable run electrodes 18, 30a, 30b
are formed by using a metal having aluminum as the main constituent.

(5) The structures of the input IDT electrodes 11, 21, 41
and the output IDT electrodes 12, 22, 42 may be different, but size
reduction of surface acoustic wave devices may be easier when their
slzes are similar.

(6) By making the widths in the direction perpendicular to
the direction of propagation of surface acoustic waves of the first
to the fifth reflector electrodes 13, 14, 23, 24, 25, 26, 43, 44,
47 greater than those of the input and output IDT.electrodes 11, 12,
21, 22, 41, 42, the reflection efficiency of surface acoustic waves
may be improved.

{(7) Insertion loss may be made smaller by making 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 f£ifth
reflector electrodes 13, 14, 23, 24, 25, 26, 43, 44, 45, 46, 47 and
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the ends of the pilezoelectric substrates 10, 20, 40.

(9) While in the third to the sixth exemplary embodiments,
both the input and output IDT electrodes 11, 12 were unidirectional
electrodes, propagation efficiency of surface acoustic waves may be
enhanced by employing unidirectional electrode even in one of them
when compared with the first exemplary embodiment.

(10) By providing the cable run electrodes 18, 30a,
30b which also work as shielding electrodes at least in the opposing
portions between the input and output IDT electrodes 11, 12, 21, 22,
41, 42, an electromagnetic coupling between the input and output IDT
electrodes is suppressed. The shielding effect may further be
improved by forming the cable run electrodes 18, 30a, 30b as large
as possible.

(11) When using rock crystal as the piezoelectric
substrates 10, 20, 40, the temperature characteristic (frequency
drift) assumes a second-order curve. If its peak temperature can
be set at the center (normally room temperature) of the desired
temperature range, the frequency drift becomes small over the entire
temperature range.

Therefore, when forming the plezoelectric substrates 10,
20, 40 with rock crystal, the peak temperature in the frequency drift
depends on the cutting angle of the piezoelectric substrates 10, 20,
40, and film thicknesses and metalization ratios of the input and
output IDT electrodes 11, 12, 21, 22, 41, 42, and the first to the
fifth reflector electrodes 13, 14, 23, 24, 25, 26, 43, 44, 45, 46,
47. Consequently, as the difference in the metalization ratios 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 C.15,
preferably 0.1 or smaller. Also, it is preferable that the difference
in the metalization ratios between the first reflector electrodes
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13, 23, 43 and the second reflector electrodes 14, 24, 44 be about
0.05.

Exemplary Embodiment 12:

Fig., 13 1is a transmit/receive circuit diagram of a
communications device.

While surface acoustic wave devices of the present invention
may be used as an IF transmit/receive bandpass filters , a description
will be given on a receive circuit as surface acoustic wave devices
are more often used as IF bandpass filters of receive circuits. The
receive circuit of Fig. 13 is a super heterodyne circuit, where radio
waves received by an antenna 80 are branched by an antenna divider
81, and converted into an intermediate frequency by a mixer 84 after
passing through an LNA82 and an RF bandpass filter 83. A surface
acoustic wave device in accordance with the present invention is
connected to the output side of the mixer 84 and is used as an IF
bandpass filter 85 that passes the intermediate frequency. By using
a surface acoustic wave device of the present invention, 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
a communications device with a good cost performance.

Industrial Applicability:
The present invention provides a surface acoustic wave device

having superior in-passband characteristic by allowing efficient
propagation of surface acoustic waves from the input IDT electrode
to the output IDT electrode.
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output interdigital transducer electrodes.

6. The surface acoustic wave device of claim 5 wherein said
first and second reflector electrodes are divided into plural units.

7. The surface acoustic wave device of claim 5 wherein said
cable run electrode is made broader than busbars of said input and
output interdigital transducer electrodes.

8. The surface acoustic wave device of claim 1 wherein an
electrode finger having the same pitch, width, angle of inclination
as those of the electrode fingers of said reflector electrodes but
shorter in length is provided-at at least one of the ends toward said
input and output interdigital transducer electrodes of said reflector
electrodes. .

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

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

11. The surface acoustic wave device of claim 1 wherein
metalization ratios of said first and second reflector electrodes
are in the range 0.45 to 0.75.

12. The surface acoustic wave device c.;f claim 1 wherein
width of some of the electrode fingsrs of the reflector electrodes
is greater than the widths of other electrode fingers.

13. The surface acoustic wave device of claim 1 wherein a
third reflector electrode is provided at a predetermined distance
from said input interdigital transducer electrode on the side
opposite the side of said input interdigital transducer electrode
where sald first reflector electrode is provided, and a fourth
reflector electrode is provided at a predetermined distance £from sald
output interdigital transducer electrode on the side opposite the
side of said output interdigital transducer electrode where said
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second reflector electrode is provided.

14. The surface acoustic wave device of claim 11 wherein
at least one of said input and output interdigital transducer
electrodes is comprised of a split electrode having an electrode
finger width approximately equal to A/8 (A being wavelength of surface
acoustic waves).

15. 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 opposing input and output interdigital transducer
electrodes are grounded.

16. 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 salid pliezoelectric substrate.

17. The surface acoustic wave device of claim 16 wherein
a sound-absorbing material is provided also between said f£irst and
second reflector electrodes and the end parallel to the direction
of propagatlion of surface acoustic waves of said plezoelectric
substrate.

18. A surface acoustic wave device comprising a
plezoelectric substrate, input and output interdigital transducer
(IDT) electrodes provided in parallel on said piezoelectric substrate,
first to fourth reflector electrodes provided on both sides of said
input and output interdigital transducer electrodes, a fifth
reflector electrode provided between said .input and output
interdigital transducer electrodes, wherein said first to fourth
reflector electrodes are inclined by approximately the same angle
relative to a plane perpendicular to the direction of propagation

of surface acoustic waves.

19. The surface acoustic wave device of claim 18 wherein
Equation (2) 1s satisfied: ) ’
2(06 - 5) s tan'}(D/L) = 2(0 + 5) (2)
where

0: angle of inclination in degrees (excluding zero
degree) of at least one of said first to fourth reflector
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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 pm of said first and
second reflector electrodes.

20. The surface acoustic wave device of claim 19 wherein
0 is equal to or smaller than 259.

21. The surface acoustic wave device of claim 18 wherein
the reflection coefficient of said reflector electrodes is
approximately unity.

22. The surface acoustlic wave device of claim 18 wherein
at least one of said input and output interdigital transducer
electrodes is comprised of a split electrode having an electrode
finger width approximately equal to A/8 (A being the wavelength of
surface acoustic waves).

23. The surface acoustic wave device of claim 18 wherein
sald f£ifth reflector electrode i1s grounded.

24. The surface acoustic wave device of claim 18 wherein
an electrode finger having the same pitch, width, angle of inclination
as those of the electrode fingers of said reflector electrodes but
shorter in length is provided at at least one of the ends of sald
reflector electrodes toward salid input and oui:.put interdigital
transducer electrodes.

25. The surface acoustic wave device of claim 24 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 sald Interdigital 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.

26. The surface acoustic wave device of claim 18 wherein
reflection characteristic of said first and second reflector
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29. The surface acoustic wave device of claim 18 wherein,
when the input and output terminals of said surface acoustic wave
device are of an unbalanced type, the lnput and output terminals on
the side of opposing input and output interdigital transducer
electrodes are grounded.

30. The surface acoustic wave device of claim 18 wherein
asound-absorbing material is provided between said first to fifth
reflector electrodes and the end in the direction of propagation of
surface acoustic waves of sald plezoelectric substrate.

31. The surface acoustic wave device of claim 30 wherein
asound-absorbing material is provided also between said first to
fourth reflector electrodes and the end in the direction parallel
to the direction of propagation of surface acoustic waves of said
plezoelectric substrate.

32. 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 ihput side of which
being connected to the output side of said surface acoustic wave
device, said surface acoustic wave device further comprising a
plezoelectric substrate, input and output interdigital transducer
electrodes provided on sald 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 sald input interdigital transducer electrode toward
said output side of said surface acoustic waves, a second reflector
electrode provided at a predetermined distance from said output

interdigital transducer electrode in a manner such that it reflects
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2(6 - 5) = tan'}(D/L) s 2(0 + 5) (1)

where

8: angle of inclination in degrees (excluding zero degree) of
said first or said second reflector electrode relative to a plane
perpendicular to the direction of propagation of surface acoustic
waves of sald 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 pym of sald first and second
reflector electrodes.



