;N _e3eda06f TBE BACKGROUND OF THE INVENTION 1. F,' el d of the Tnven ion
The present invention relates to an edf§e reflection type surface acoustic
wave device which utilizes an SH (shear horizontal) type su | C
wave. 2. Description of the Related Art Edge reflection typm“mmﬂmmmmw
acoustic wave devices which utilize an SH type surface acous I'c wave are
wel | known. The SH-type surface acoustic wave refers to surface 18%8Bust i c
waves such as a BGS (Bl eustei n-Qul yaev-Shi m zu) wave or a Lammummmﬂwmmmwh
have a displacenent that is perpendicular to the direction n
of the surface acoustic RatedAsfdalkHEPide HaNaIH Fponent whi ch Jgeegar al | el
to the surface of the substrate. O these edge reflection type surface

acoustic wave devices, in order to suppress bul k waves or to allow for easy
production, sone have structures in which a step is provided at the edge of

the su r § { ded on the substrate, and the upper
SR o AR R

portion o or the inside surface of the groove defines
t he refl.edtiiedd erfyebhd rafwenttionlapanese Unexam ned Patent Application

Publ i cation . 4-82315 and . (-263998). .1 n Japanese Unexam ned Pat ent
ropl | cat | on e Bt Wi ch BEAEs £ A RN S el T i o

t he bulsarfame reesorEnice wavd hie S evavtel ate sohisinicss s aamn beH p stveant ed and
unmantzﬁ sp%gup S r%éggnses causeQ)Qx:gylk‘yave resonance can be

ef fici OtrIJS}Z §hp kg b%}“iofr%c{ﬁ cﬁ%dl, '’ Substrat e edge, a step having a
greater vertical dinmension than the surface of the substrate such that the
step is spaced a fromthe strate surface resulting in at | east 80% of
-1 i ated at the step. However, even if
the vertical Higensifireafidrheryef |santfiare edgmstsi gneaterdéhiaded hehich

det i ned I d i bed ab j ired
Char ac BT B & Abr haSa D S TR ST AT O VRO o 1t b BBUS! nethe That

is, insH-aomeedunivde SAFdBCiei Aomarsd | e fee e Ve e dew | agows t BE | wobéodn edge

that is_a,step or gr.oove as. de i bed gbove, even if the height of the

ref | ectTHH ead%ea i%é%e{BO][eou%t%Jtﬁ'ti‘ﬁ%a%‘éTﬁEmt%%} RS Peeh W° ‘go‘ﬁﬁ“é‘% t hat

when t kehidilstlenoe dedimeladdmestbsiatatis gegpandtidikear etd eclié on edge was

| ar ger, fié&ﬂes occurred in Ihe(gggéébands Mbreover, . there hasdbeen a

pr obl e T TP e PEHRPI Dt W ¢ © (HE AT TRV HEng BR 389t he

ref | ectimrilwiyen hecharecdmp@esnt SHIMARYL Ofpait<El 1 AVENT | N | smof alee & D

overcoqgﬁ;hq8§{oblens qf cri bed above referred enbodinﬁnts of the.gresent
i [ﬁ r t

i nvent T su C%h%%%u% 9% FHATE YRS WA T GRsT r R4S YRS onance

char actwevestd exsicesl, pas seidew todhasnepces sthwkk avevesl onbty ablawntor by

reduc ne%éyhepfci)cp clztefor(l:?ussoenge t}Ya\péjlskth@é/teﬁsres in which a step is
provided at the edge of the substrate or a groove is provided
on the substrate, and the upper portion of the substrate edge
or the inside surface of the groove defines the reflection edge,
(refer to Japanese Unexamined Patent Application Publication No.
4-82315 and No. 7-263998). In Japanese Unexamined Patent
Application No. 4-82315, for example, it is explained that
influences of the bulk wave resonance on the SH wave resonance
can be prevented and unwanted spurious responses caused by bulk
wave resonance can be efficiently suppressed by providing, at
the substrate edge, a step having a greater vertical dimension
than the surface of the substrate such that the step is spaced

away from the substrate surface resulting in at least 80% of



According to a preferred enbodi nent of the present invention, a surface
acoustic wave device includes a piezoelectric substrate having a pair of
substrate edges and an upper surface therebetween. The piezoelectric
substrate has at |east one inner edge arranged to contact the nmain region
and extending fromthe upper surface toward a bottom surface of the

pi ezoel ectric substrate inside one of the substrate edges. An interdigital
t r ansduber SHs warvev iethed gyn bieliegreionceegirat eaf athehe eszagd.ectric substrate

such that a SH type surface_acoustic wav xcited by t i nterdigit.al

t ransducer aﬁSWﬁﬁangegeﬁa&£|%ﬁ&tﬁe6FlQ? aﬁémF@FH€@¥8§h§¢QJﬁ? éatéégi one
i nner edge. iA dirgharee thahetheepridietairnierst vaad Hededgs mnd ddwre,
correspondi ng one of the .substrate edges.is preferably - 2 sybstantial ly
coual B0 0B SBBedy HEEITEN oot P R S oY BARSIRRAY nner
edge hasazabeleghlsthicisn coa dr ange pef odeuneds, MhabAY, 6 .a The surface
acousti c wave .deviice is constructed and function_ to be included in a

comunFRRVERY 198¢lc § AL CE frausdd CaldyE deY iofe Mg & F&HUST e Rve

devi ceeageot@iaty ils0 aV%ﬁ:ie%U%rpraeiﬁ’ford%‘é Ebdis@itsePfagdie preasantif nient i on,
by setting the distance between the substrate endsurface and the reflection

end- suPFagett 81 &be mefdeshdon gdde dispHieds th & waligadslp it Yt bul k

vwaves ah8 BeRnMaZ@doraRe @R Wkl ReTOoRARGR MR Rahfld s AKkiasss band
characteristics are obtained. Furthernore, by setting the height of the
ref | ecBROR 8dGe thier Kiat 1erd 108 L 96 Vi@So MR IIET t & GHOAS EECULL{HIES in the

pass-band %@ sTAndsZed Mo veXselintifle TRSOMNGE £ YARla( 8idcs and
pass-band characteristics are obtained. Mreover, by nounting the surface
acoust FEPR&GE @dicc © eI eclo futibEatviedit igad chlmanssradl if t¥1&not her

pref er peg¢1eERAdNRRGOhdRRP 183y I NVention, a communi cation device with
excel l ent characteri'stics can be "obtained. G her features, elenents,

characteristics and advantages of the present invention will becone

appar egymMhARY 0 198! FhvegiTd@scr i ption of preferred enbodi nents bel ow with

reference to the attached draw ngs. For the purpose of illustrating the

i nvention, tA&8r€rderskOwAVEFCORE dhawPFed ledre Gfls crohesl iliae are presently

pref er Led roirl REIRGINIRLIOTE IR Isertth 3inddift 1 dlY §5HdPihd Sy not 1im ted
to the precise arrangenents and instrunentalities shown. BRI EF DESCRI PTI ON

OF THESPRARCRGSCRUSLIT wave gevdser tiny evhiicdw asfs iredirfeaanan@isti c wave - 3
characteristics and pass-band characteristics are reliably
obtained by reducing the ripples caused by bulk waves.

According to a preferred embodiment of the preseﬁt
invention, a surface acoustic wave device includes a
piezoelectric substrate having a pair of substrate edges and an
upper surface therebetween. The piezoelectric substrate has at
least one inner edge arranged to contact the main region and
extending from the upper surface toward a bottom surface of the
piezoelectric substrate inside one of the substrate edges. An
interdigital transducer is provided on the main region of the
piezoelectric substrate such that a SH type surface acoustic

wave excited by the interdigital transducer and having a

wavelength of A are reflected by the at least one inner edge.
A distance L between the at least one inner edge and the

corresponding one of the substrate edges is preferably



. device according to a first preferred enbodi nent of the present invention.
Fig. 2 is a sectional view of the surface acoustic wave device according to
the first preferred enbodi nent of the present invention. Fig. 3 is a
sectional view of a surface acoustic wave device according to a second
preferred enbodi nent of the present invention. Fig. 4 is a graph show ng
the relationship between the di stance between a substrate edge and a
refIecgﬁ@@tgﬂggalyydegﬂglaa@u9509£ ¥YArbat iepsQf in-band GDT deviation. Fig.
5 is a graph showng the relationship between the height of the reflection
end- surface Bhdl$ herefebahdechbabtictBei 3ti ésagtDIngednackordIri hirgum
insertion loss). Flg. 6.is a blogck diggramof a.c ni cati on device
accor i%bg?g % fﬂi#gepfg?g?r% aﬁgggiggn OOFEPHE ggggent i nvention.
DETAI LED DESfiRk FShhhé¥ SERERREDyEVBOBEVERES] Ascwhktrieteleandf rom t he
resultf of an exgerinent descri bed |l ater, the.inventqrs of the present

i nventFORCHAOR BPskBvaRredueRdt 1R BpFeEMHRLCRE PR EEH&RE ‘can be nini mi zed by

providing a Kefégsihone@dgBolvasi df ehet BarsHbst hab8sedaewavehdklatket he
di stance between the reflection edge and the correspondi ng substrate edge

i s set3@FORIpPRJEP ¥ AT HEUS aREARBTBFY| EBROGARCAtRePEhEDST PERESNES | ect i on
edge isnoehtdbnd M@l HEttIng PhedgistHhBedpeaR@en TRAUYS subktiraitROTHd e to
obtain the desired excellent resonance characteristics and pass-band
char acterfatecand| £theheeflisctmor batiwesmfabke sobdesst éhedgebamd tBhe

flecyion edge i i table, _the byl k flected.at. the sub
cige <t HORDES SPi EBE PAETAE0aoaRN B P S PER S PRVES ARE MHIKARSRE ght of

t he redh@céxoelkdnge ressendnce ohaeathamistdest and palssebankie bul Kk waves are

| f ] d by the reflecti d-surf d £l d bul k
St rong Y EFTERF L haCatEen iRt tRafact BRFSRECUOL e MY, PRECATT0 0TS ¢ vave

devi cenhafgRE dbPOLhe Peeiectednenhgdi wBRhI nOkneN§aRgRS e abdv@ntihord ncl ude
devices in general which utilize an SHtype surfacé acoustic wave such as a
sur f acgbarbubkj Cr Vopees esnnaher paastbagidt adienalihymiaedl, edndeexeatidrentt | t er,
a transversel% cougled resonator filter, g Igdgﬁr ty@e f.ilter or other

sui t abf SSURINCBsCHIRRSECHEGFLEE PRE| BAESaP2PEaSPASAE HERTE DS £FiS
transdolsesaihné®I) on a piezoelectric substrate, and a reflection edge for

reflecting tﬁe surface acoust{c nay g i's I%cated at | east _one side of. the
oreover, by mounting the surracCe acoustic wave device in

a communication device according to another preferred
embodiment of the present invention, a communication device
with excellent characteristics can be obtained. '

Other features, elements, characteristics and advantages
of the present invention will become apparent from the detailed
description of preferred embodiments below with reference to
the attached drawings.

For the purpose of illustrating the invention, there is
shown in the drawings several forms which are presently
preferred, it being understood, however, that the inyention is
not limited to the precise arrangements and instrumentalities

shown.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view of a surface acoustic wave



| DT. Furthernore, a comrunication device according to one preferred
enbodi.nent of the present invention includes at |east one of the surface
acoustic wave devices according to other preferred enbodi nents of the
present invention. Thereby, a comrunication device with excellent
characteristics can be obtained. Referring to Fig. 1 and 2, a surface
acoustic wave device according to a first preferred enbodi nent of the

pr esendeiviiveniiced ridd neX ploaiangd rsAl plredel rebe ewbdidimedft elfeehcoga dddiger s
are illustrated as being wide in the followng figures, the el ectrode

fi nger $P¥FN&ACRct ual device preferably have very fine widths. The surface
acoustic waveiggvhcesaaCgeditionhd vk prether edreabadamBiktis aAvedge
reflection type longitudinally coupled resonator filter, and is provided
with ad8YBSEancrardyndedtaddifl &LrstaRiriprEsde CBOCH IR HOE € 2. The

pi ezoeleekknt SWREhtaba .2 preferably includes, for exanple, . piezoelectric
ceram cs such as lead titanate zirconate ceram cs or piezoelectric single
crystals such18s Bi 503 &FRETILONA43VieHeOPi 8z6BFEACE ACOUBSLFLal@VE has
Substr & 18498ecotadny 43 a BecondptRrareOPRABRY ieng26E @er, and
grooves 23 and 24 arranged substantially parallel to the corresponding
subst r REESEBFeINFENEA@N22 and ext ending fromthe upper surface toward the
bottom surf age jar LSRO n :URP S i rf i nsi de
of both of haSadaea®t SndEn o angL the e A g s B 1 boves
23 anddigtanee petyeedca Wubstghatse edosm pagi en reif leed igpp@dasur fagek and
become hewahafitk 830%8liak i SR IR BEGHORDTARCYikle sk expl ai ned next, SH
type surface acoustic waves are excited on the main region, and therefore,
the inside sBiflacé 18aaagdaphashgWéngohhgsredpltdonsdipebgdyezda thed 24a.
Two IDE%i%h%n@fltWee r@fsi%%%.%nb%tn‘ﬁ@%ﬂrtf%%e_?_%xé’iﬂ}’%?ezﬁna-@%n% on the upper

surface of the piezoelectric substrate 2. 3 preferably includes a

pai r ofhesppiewisedcs dEDTodeyiddignd Bnimna dowerdtiasedosisdot rodes 3a and
3b each havergqpl §f 3l by okl GakGadR bindetemand uheofl Gelhede fingers of
t he conb-shapeg el ectrodes 3a and"3b are arranged so as to be interleaved
W th ed€Fogdi®g. tSi @i Ithdrd pmefarmrd4 embedamgpity ofndhede@resgndi r of
conb-sgggggtqbggtrodes 4a and 4b, the conbshaped el ectrodes 4a and 4b being:
constituted I n the sane manner as the conb-shaped el ectrodes 3a and 3b.
Each el ectrode finger is arranged substantially parallel to the grooves 23
and_ 24 pegleindP He sRRAETIOAR It HRFERIEARIBbDIMENTRE | DTS 3 and 4 being
arranged so that the outer edges thereof may contact with the inside
surface 23a asdw24da. bef cliearwdremeihehresuihe odr facexpesuisEeind wave i s
repres . ~, Wi 0 S r j ' the I DTs
3 and ?‘l‘t&?gl%& &)?ltt%grt'eItgltehﬁéwfr%%?ﬁe%\tfm??f?%stpggs%ﬁt g?’(%’tefﬁ{éﬂot Z]ré}{ﬁ ectrode
f i nger sigcevgmedotinmit alipples iN tiheu e spodbancomam ked geivigiizad ikih surface
aCOUSt e\ ey G alda sasliRnes Phd BothlGhddedil dymst

ljude é?fﬁé

el ectrode fingers are fluéh Wi th the respective edges of a piezoelectric
subst r #hat the ditsdenes betatgaroddef nefdestihon Ipslge @nd Wimced apart from
the edges el bdds fierr, éaggo ismeRts J@f .t : d In
this uni q§ugg o?nlsfltlrQl cts%%t%[at%?ef rrgg errttg'q&l rrgntk}l)greg t he lﬁéelis{% %enti on,
when aeri dgss aoid agddighdpglfl ddea gefdectipn Sidge/ de S8t @te aacakue c waves
are exgited Ep% %ﬁﬁy rface Sti; v : e i d iLection
bet Wee(rifnt %eprre é:CtI &hn%gld;ﬁeé a vmi'?’%léMaﬁa\r% ?32’ el%?%q;aot dt%eélggg{e“sé 23a and
24a, sdeshiaed endaidend] nescesmnmed dhiagliert eyddd wsyendmasgermmt ed. As a
result al waves and the higher node waves are conbi ned, and
standiﬁgg%gggg&g%ggggﬁetmeen the edges 23a and 24a. Qutputs based on the

standi ng wavéd ahe edistaciced Hetwelea dhieesubBTrattieusdgrercad nhes
longi t %%'frl%lclt&o%o%%lgeed irsesn Q:ats(?lrit;[a)gi% ,f Itlhteerbulk waves reflected at
the substrate edge strongly affect the pass-band

characteristics, and if the height of the reflection edge is



In this surface acoustic wave device, the distances between the reflection
edges '23a and 24a and the substrate edges 21 and 22 are respectively about
8h or less. Mrreover, the heights of the reflection edges 23a and 24a, i.e.
t he depths of the grooves 23 and 24, are within the range of about 2~ to
about 6~. Next, the, constitution of the surface acoustic wave device
according to a second preferred enbodi nent of the present invention is
shown MArej §haz. al gerieinurvbise atbesbidkwaragedeaireecadsot eflpeekdr byd
ebodi PRA! r 6213660 obS RHOKLHRdCRNSHRC AURS! LREG-HARS phakdghlag the

refl ection edges. at 1s, in this surface acoustic waveé device, steps 25
and 26s&rengéypedifiecel yher pasdetband thereppesiisgiedges 21 and 22 of a

pi ezoel ectri uhs . St 2 ad 2 r rrapged_so as to cut

t he upper su?P%cgu%?%%ﬁeg89§§§é§e§?§ﬁcgggggFrgFgogd?89fggn?56§55§?gntiaIIy
rect angmbadiskape, ofi theeggesedtaianen22anabocéutipbedetépes2inanenacal
defininﬂ.o po%qu edges gs reflection edges. The el enments ot her than those
const i YOt FRg UtHe 1P&F PEC PR Y BGg 8L S P5 S aRTCB5 L 15 ¥V Re S85Re 285 2t he

const i surifaneoticohetiicr saver ekephadoenbadilorgt tudndallhys canpéxpl anation _ 7
_ thereof is oghh&ed. In this surface acogstic wave devicg t he di stances
bet weehSERBALEE| &dtitEY e BgbL PP CARGLF2§OURG BN ESSOREEPL & 2dG§Es 21 and 22
are regaedéithlypeatig.llﬁ:g&~er okhes, s?ﬁdabhé heivgbteS.oL Thbefer Gfelvﬁtﬁbbon edges
2la and 22a, i.e. _the distances H.of the ste 25 and 2 romthe top
Sur f acenBEOBRe A5 APABTebDE, ARLRBRIPATe Lo L ABUHCRR | IPRA PAnge of about 2-
to aboptieBoelEberid kagetaatest aadwayveedaectadnokdyee foirr slefaedtiagond
prefer&s% enbadi mrents are preferablﬁ manuf actured by the tollogﬂn% manner

Fi rst, “REn§ A FBRE Sc BRSUPTAL HGVENESsUPFALESaRbUSERE WADE §dFec8s APE forned
on a piproel ectric substrate. Next, grooves (23 and 24 in Fig. 1 and 2) for

form ng reflectign edges are formed on the top surface . of the piezoelectric
olate by usi RJTEREFREESer 2oF ABMBLFREBPE_RVEP R 20E0F 84 Hr tRoPRBA.  The

gr ooveprarerpeacemdoy ihenfed £s@hkhpireglinRpiingedt iohhehcpuakised® newer occur
in order th%t he outernost el ectrode fin%ers 3c and 4c have gredeternined
wi dt hsOPen8tste SPYERESsPFRUSIRFa¥BY ol SVAE E§r 36GRLIAPE R O EFect i on
edges prafeZzad 2adodidten4s, odndhehpreéephlts ipkehtaogr.oovderebhe @ei ghts of
the reflection_edges). are preferabl i thin the range qof about 2~ to about
6. NeSPTTPRICHT DR BegiCrh UGl oAl oS heTRS CEatoty-8 GPCePRor of her
sui t abbetatihkedng devi ce or nethod to separate each surface acoustic wave
device. Sectjpons at this tine Eornhegd-surfa es 21 and 22 of thg .

pi ezoel ect ri BSSEESEPH &°27 Ynd 1t RBYsé¢t PoRETAPECSBF OB Aho R VEACEY *FEner
from t hecoraiiggs tof at drses peeffivre odr eavesiimehtt bE alieSipdesenft t he grooves
are cut, the,surf,ace acousti.,c wa evice of th i rst. preferred enbodi nent
i's proaaggaglgﬁdlﬁfexpgﬁénFHSidexiF%Pﬁg gF@Svgg t&SCGF,egﬁg <0FFace

acoust fényeye dee delaktirheeseasntbephel erided iamhbe Mol ovwd ngr ddyuedsgnd

st eps e formed aqn the substrate edges descri bed abqve, edges g _
e, no CHEGR LBECTPASy CARI SRR ROut TR Sy SBY TGN G SRS AR N F8i¥ed Dy
cutti ngihbewpdeheel ectric substrate 2 at a different position fromthe
reflection e%ge aft%r forniﬁg t he grooves.to define.the re&hﬁction edges.
Subsequent | yTHFe§8EAECELAFPHPE LENNAY P HENAECL HEPREAR% A8 &iBStrate edges
andI t hprseélr@egi embeddaenand st :aa I@eliglghtrelﬂlgefcttxben' ¢ ltqf;iee]gtoir@ritemnm]jlgr

expl ai ned _based on _experinental resul.ts. If ,such g surface acoustic wave
v ceCPUPTAC, teBRRE BT Ghd g Rul Sa R TSR aED G SRR dince. | s
vi rt uakkytanbuniate plianapr paleizoel ek rtike sdibstanaee 12.i s leout 500 or nore),
reflection of bulk waves at the substra edgﬁ does nat occur, .and ripples
or i nsBAEFBRILGEL 15 SURBHERTEd. PER IS0 ARCENESS /pFiods SXRMPHE rpass- band
of insphitkeB1ketF it QARG sCRACAC BB 1S T 14T G doh 48T dedagiizsdel ay
time) deviation_in the pass-band. Accordingly, the in-band ripples were
eval uaPEdPWERReLRE L LT §dW0IaE SKYSERGS # RS @ﬁ@bﬁblaﬂﬂoﬁéﬂPgsbetmeen t he
di st anggel p3Bd oMUk trAtieatl MRsOfsulie rGRE dRIgeat i2an dra the
pass-band after the piezoelectric substrate was cut, "using the

pi ezoel ectric substrate before being cut as a reference criterion, in the
surface acoustic wave device of the first and second preferred enbodi nents.
This is a 1st IF filter for a nobile phone with a center frequency of 190
MHz and a pass-band width of 5 MHz, constituted by 34 pairs of el ectrode
fingers on the IDTs 3 and 4, a wavelength ~ of 20 El mand a hei ght of the
reflection edge of 3~. As shown in Fig. 4, in-band GDT devi ation
drastically varies when the distance L between the substrate edge and the
reflection edge exceeds about 8~, the variation anount of GDT deviation is
smal | when the distance L is about 8~ or lower, and the anount of variation

Y M S~ -, = -, - o I —



ripples in the pass-band. Furthernore, the steps are constructed to prevent
chi pping or other defects on the reflection edges, so as to formreflection
edges with high accuracy. Preferably, the distance L is about i,/10 or

nore. Fig. 5 shows the relationship between the height H of the reflection
edge and i n-band GDT deviation and mninmuminsertion |loss in the surface
acoustic wave device according to various preferred enbodi nents of the

pr esenWhiiglie gtrico PPPRFEd d10a a5y @thgiven ante adicsivasc 23 anat Wdemilipnged

substr : f1l.acti 0 Q) e i ig. 5,
i n- ban%hg%$%g§\}%gg‘lyéﬁ%b%&l§gsLﬁ%\%é’%d\%ﬁ%t%l rﬁbt%tﬁlgtl?) ngsélk%fSc a hei gdr#sjl:-l% t he

r ef | ecaingn 28dgadb\exdtemain-~ from disutupper, sunfades towarstttilsalbdtdos  of
about ~~,.S..0ry.l r..lf Molg)i refl i eﬂgﬁ is | ower
than a gu%%?f!, ,a%iet dclgﬁ)\r%tedr et tetceét sur%‘ﬁarggcté%gt?&%lf gﬁa\%/tadvghener g)), and the
m ni rruni:!nisr.'tsler ifolpdtgs © thademesigesg2l Frat 22, iTnstive feingfaces of3a fgad

refl echion gdgad Sagl i U 000 ange f ABUI25 50 AP g, Ti PPl es
in the pass-ban& AT VTSerti WA 6s's “are m Miom zed to obtai i excel | ent

pass- baed iomaodcttdrd stppex sbrfemeerandadecamebmarndanmstrocdider nidy g.heb, when
the height H of. the refl| ecti.on edge .i_s. sef w.thi e range of about 2~, to
about J7#iM trﬁglioﬁl-'banﬁsgylllc}e |eate|q{c§)r‘?‘aﬁe%eo e’%. ] %!{Shc P9 e%lsr,ﬁ{%eereby

obt ai nargusnrie excald aite pacshand chartsc trerirstiessiondl taralgihdief qureef er r ed
enbodi nent s _ar.e, expl ai ned usi an exanpl e of the. structure, of

| ongi t GdiendSH mﬁ%ﬁr 5% ﬁata&dq%ﬁat eq'eurﬁr%tor} S e & o %qg‘?se?%Beacti on
edges, and i22anot limted to a constitution having the edges on both sides
of the IDTs. Alternatively, ,a _devige havi the reflection ed on one side
of the I DT cofét &P&tsl g S @ s&’é’@fsf{]g’cew& d&\ @eroéﬂ’ae$%e3 1Y ect or
on the2at bey thedaippy Bmnfeck JdOrcexaipEme gy ic fubstirdtye of . surdece
acousti ve - 10 resonators are .arr ed .on .the sa iezoelectric
subst r&iﬁg opa?rfsleﬁa\h}tye Jepqqé“&ge@'r & BiEH | a"tne qmba_sgba}%ﬁqst‘{f‘?cg??ﬁ?ﬁ % ng edge
refl ecan@dnskgf the efdmcishapertiga etk oddd et iaond 3 endteflecd o i S

pr ef er ahl sed. Further, the surface acoustic ve device, of the present

i nvent P3H¥:ﬁ;{3}etz¥pﬁ | & 90 9S el frtcgaﬁ]eeaevfeecg: aci/%rﬁf'?gﬁ%sr %% | adder
type fithleekcombisitpddk el dirodds Ba @ehdls die atramjed esofas to be

communi.catiqn devj ce according.to a thir ref er,r.ed odi nent of. 1 he

pr esentml%r?\fg'r‘?taiv&d. v e(ﬁﬁih\fﬁihceaﬁ’l or#lld'éﬁ]%relX’s tcrb%sﬁﬁgc{je%lr e%%]f'?’ecti ng
an ant éned uwl¥E t0 pal A fevmd-ashdpesal afectchiidexd DRK dopprhsi agnia-
transm ssion filter Tx and a reception filter, . connect. ng.a transn ssi on
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wave devices include at least one IDT in which the outermost

electrode fingers are flush with the respective edges of a

piezoelectric substrate, the outermost electrode fingers may be



what is clained is: 1. A surface acoustic wave device conprising: a

pi ezoel ectric substrate having a pair of substrate edges and an upper
surface therebetween and including a main region and a bottom surface, the
pi ezoel ectri-c substrate having at |east one inner edge arranged to contact
the main region and to extend fromthe upper surface toward the bottom
surface of the piezoelectric substrate inside one of the substrate edges;
an i nt épacgat apagitafg@uc dhepedgieged Noy e uiny gfajixsgd cmhdbingrtedectric

substr at, hori zontal type surface acoustic wave excited
by the%?l%t grgglgg?l?a}ln?rezﬁ?gbéer and having a wavel ength of ~ are reflected

by the at | edst thne unigueedgestwhertdion @ fdipyteficomrdd mathwebimerniss avf | east
one i nper d. rres i subst rat dges, i s
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t he ranﬁe of about 6~ f age acousti.c wave devi ce
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resonatqr. filter, a _transversely coupled, resqgnator filter, and a | adder
type. 1 PAPar 504 Ehate SRRt bay A A e o O T 45 T % m 1,
wher ei gehleeapiedzoehectr iresalkst e fuhdadmtofl alavdensdndneh®fhigher
pi ezoel ectric ceram cs and piezoelectric single crystals.. 5. A surface
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substanti al | arallel to.the substrate edges and extendin ro he upper
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coupled resonator type filter.
In this surface acoustic wave device, the distances

between the reflection edges 23a and 24a and the substrate

edges 21 and 22 are respectively about 8A or less. Moreover,
the heights of the reflection edges 23a and 24a, i.e. the

depths of the grooves 23 and 24, are within the range of about

2\ to about 6A.

Next, the constitution of the surface acoustic wave
device according to a second preferred embodiment of the
present invention is shown in Fig. 3. In the surface acoustic
wave device of this preferred embodiment, a step is provided on
the substrate edges to define the reflection edges. That is,
in this surface acoustic wave device, steps 25 and 26 are
respectively provided on two opposing edges 21 and 22 of a
piezoelectric substrate 2. The steps 25 and 26 are arranged so
as to cut the upper surface of the piezoelectric substrate 2 to
form a substantially rectangular shape, with edges 2la and 22a
above the steps 25 and 26 defining opposing edges as reflection
edges. The elements other than those constituting the
reflection edges 2la and 22a are the same as the constitution

of the first preferred embodiment, and thus an explanation



6. A surface acoustic wave device according to claim5, wherein the pair of
grooves have inside surfaces arranged to contact the mai mregion of the
upper surface and defining inner edges for the main region. 7. A surface
acoustic wave device according to claim1l, wherein the inside surfaces
define reflection edges for reflecting the shear horizontal type surface
acoustic wave. 8. A surface acoustic wave device according to claim5

wher ei bheredEass omott&ds are di sposed between the grooves bn the upper

surface of t | ezogl I C t . f a ' ve device
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an interdi giThé sunfisdecacopsbic dedvendeticeni afr theoniokt- a8 secbhd

oL e 20S e BRRCR P b BB AR RS PR e teoust

are reféktoeinpymahreat | Basstpnmany IDTs constituting the surface
acoustic wave devices are formed on a piezoelectric substrate.
Next, grooves (23 and 24 in Fig. 1 and 2) for forming
reflection edges are formed on the top surface of the
piezoelectric plate by using a dicer or other suitable '‘cutting
device or method. The grooves are precisely formed so that
chipping or other problems never occur in order that the
outermost electrode fingers 3c and 4c have predetermined widths.
One side of the side surfaces of the grooves are the reflection
edges 2la, 22a, 23a and 24a, and the depths of the grooves (the
heights of the reflection edges) are preferably within the
range of about 2A to about 6A. Next, the outside or inside of
the groove is cut by a dicer or other suitable cutting device
or method to separate each surface acoustic wave device.
Sections at this time form end-surfaces 21 and 22 of the
piezoelectric substrate 2, and the sections are set to about 8A
or lower from the insides of the respective grooves. If the
outsides of the grooves are cut, the surface acoustic wave
device of the first preferred embodiment is produced, and if .
the inside of the grooves is cut, the surface acoustic wave
device of the second preferred embodiment is produced and steps

are formed on the substrate edges. As described above, edges



I nner edge; wherein a distance L between the at |east one inner edge and
the correspondi ng one of the substrate edges is substantially equal to
about 8~ or less. 11. A comunication device according to claim 10, wherein
the at | east one inner edge has .a height Hin the range of about 2~ to
about 6~. 12. A conmunication device according to claim 10, wherein the
surface acoustic wave device conprises one of a, surface acoustic wave

r esonath@ving |foigh taghuzddy aoliplidthaws artetpp ing leerother rprshkens| yre
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of at |pssitionre fofopitEroatetiedtci aeraije sa el pf ezoEl@cthe cgsoogee to

crystahﬁﬁ 14, %ﬁco ni aIion(fevice according to claim10, wherein the
upper SHFF%e et%%?%ﬁ%a 8 &199% substrate has a pair of grooves arranged
subst anti al | ysuyareajdealt 1yo, treen suas tucatleineidg esheanth std redsli Mg d vt hisheupper
surface toward the, bottom surface.. 15.. A co ni cation device cording to
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t he mmf% region. - 14 16. A communi cati on device according %o cl ai m 15,
such a surface acoustic wave device 1s 1n a state before

being cut and separated, or if the distance is virtually

infinite (in practice, if the distance L is about 500A or more),
reflection of bulk waves at the substrate edge does not occur,
and ripples or insertion loss are minimized. 1In addition, the
ripples in the pass-band of insertion loss-frequency
characteristics correspond to GDT (group delay time) deviation
in the pass-band. Accordingly, the in-band ripples were '
evaluated with the GDT deviation.

Fig. 4 shows the relationship between the distance L and
the amount of variation of the GDT deviation in the pass-band
after the piezoelectric substrate was cut, using the
piezoelectric substrate before being cut as a reference
criterion, in the surface acoustic wave device of the first and
second preferred embodiments. This is a lst IF filter for a
mobile phone with a center frequency of 190 MHz and a pass-band

width of 5 MHz, constituted by 34 pairs of electrode fingers on
the IDTs 3 and 4, a wavelength A of 20 um and a height of the
reflection edge of 3A. As shown in Fig. 4, in-band GDT
deviation drastically varies when the distance L between the

substrate edge and the reflection edge exceeds about 8\, the

variation amount of GDT deviation is small when the distance L
is about 8A or lower, and the amount of variation of the GDT
deviation is large when the distance L exceeds about 8A. That

is, setting the distance L to less than about 8A can reduce the



wherein the inside surfaces define reflection edges for reflecting the
shear horizontal type surface acoustic wave. 17. A comruni cation device
according to claim 14, wherein at |east two | DIs are di sposed between the
grooves on the upper surface of the piezoelectric substrate. 18. A
communi cati on device according to claim 17, wherein the at |east two |IDTs
include a plurality of electrode fingers, and if the wavel ength of the
sur f aceippbest in ﬂheePESSFbpndsented by ~,, the widths of the outernost
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for when the distance L between the substrate edge and the

reflection edge is set to A. As shown in Fig. 5, in-band GDT

deviation becomes lower within the range of a height H of the
reflection edge by about 2\ to about 6A, this is a practical
level of about 0.125 pus or lower. If the height H of the

reflection edge is lower than about 2A, it cannot reflect the
surface acoustic wave energy, and the minimum insertion loss
becomes high. That is, if the height H of the reflection edge
is set within the range of about 2A to about 6A, ripples in the
pass-band and insertion loss are minimized to obtain excellent
pass-band characteristics. Moreover, as can be undersﬁood form
Fig. 5, when the height H of the reflection edge is set within
the range of about 2A to about 4\, the in-band GDT deviation

becomes 0.10uS or less, thereby obtaining more excellent pass-
band characteristics.

Although the preferred embodiments are explained by using
an example of the structure of a longitudinally coupled
resonator filter that includes a pair of reflection edges, it
is not limited to a constitution having the edges on both sides
of the IDTs. Alternatively, a device having the reflection ‘
edge on one side of the IDT constituting the surface acoustic
wave device and the reflector on the other side may be used.

For example, when a plurality of surface acoustic wave
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reflections of a reflection edge and reflections of a reflector
is preferably used.

Further, the surface acoustic wave dévice of the present
invention may applied to a transversely coupled resonator
filter, a ladder type filter or the like.

Next, Fig. 6 shows the structure of a communication
device according to a third preferred embodiment of the present
invention. This communication device is constructed by
connecting an antenna ANT to an antenna terminal of a duplexer
DPX comprising a transmission filter TX and a reception filter
RX, connecting a transmission circuit to an input terminal of
the transmission filter TX, and connecting a reception circuit
to an output terminal of the reception filter RX. Transmission
signals from the transmission circuit are transmitted from the
antenna ANT through the transmission filter TX. Further,
received signals received by the antenna ANT are inputted to
the reception circuit through the reception filter RX.

Here, the surface acoustic wave device according to the
present preferred embodiment of the present invention can
function as the reception filter RX, the lst IF filter of the
reception circuit, and various kinds of interstage filters of a
communication device or resonance element. By using the
surface acoustic wave device according to various preferred
embodiments of the present invention, a communication device
having excellent characteristics can be obtained.

While preferred embodiments of the invention have been
described above, various modes of carrying out the principles
disclosed herein are contemplated as being within the scope of
the following claims. Therefore, it is understood that the
scope of the invention is not to be limited except as otherwise

| set forth in the claims.

- 11 -
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1. A surface acoustic wave device comprising:

a piezoelectric substrate having a pair of substrate
edges and an upper surface therebetween and including a main
region and a bottom surface, the piezoelectric substrate having
at least one inner edge arranged to contact the main region and
to extend from the upper surface toward the bottom surface of
the piezoelectric substrate inside one of the substrate edges;

an interdigital transducer provided on the main region of
the piezoelectric substrate such that a shear horizontal type

surface acoustic wave excited by the interdigital transducer

and having a wavelength of A are reflected by the at least one
inner edge;
wherein a distance L between the at least one inner edge

and the corresponding one of the substrate edges is

substantially equal to about 8A or less.

2. A surface acoustic wave device according to claim 1,

wherein the at least one inner edge has a height H in the range

of about 2A to about 6A.

3. A surface acoustic wave device according to claim 1,
wherein the surface acoustic wave device comprises one of a
surface acoustic wave resonator, a longitudinally coupled
resonator filter, a transversely coupled resonator filter, and

a ladder type filter.
4. A surface acoustic wave device according to claim 1,
wherein the piezoelectric substrate is made of at least one of

piezoelectric ceramics and piezoelectric single crystals.

5. A surface acoustic wave device according to claim 1,

wherein the upper surface of the piezoelectric substrate has a

- 12 -
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bottom surface.

6. A surface acoustic wave device according to claim 5,
wherein the pair of grooves have inside surfaces arranged to
contact the maim region of the upper surface and defining inner

edges for the main region.

7. A surface acoustic wave device according to claim 1,
wherein the inside surfaces define reflection edges for

reflecting the shear horizontal type surface acoustic wave.

8. A surface acoustic wave device according to claim 5,
wherein at least two IDTs are disposed between the grooves on

the upper surface of the piezoelectric substrate.

9. A surface acoustic wave device according to claim 8,
wherein the at least two IDTs include a plurality of electrode
fingers, and if the wavelength of the surface acoustic wave is
represented by A, the widths of the outermost electrodé fingers

of the at least two IDTs are approximately A/8 and the widths

of all of the other electrode fingers are approximately A/4.

10. A communication device comprising:

at least one surface acoustic wave device including:
a piezoelectric substrate having a pair of substrate edges and
an upper surface therebetween and including a main region and a
bottom surface, the piezoelectric substrate having at least one
inner edge arranged to contact the main region and to extend‘
from the upper surface toward the bottom surface of the
piezoelectric substrate inside one of the substrate edges;

an interdigital transducer provided on the main region of

- 13 -
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and having a wavelength of A are reflected by the at least one
inner edge;
wherein a distance L between the at least one inner edge

and the corresponding one of the substrate edges is

substantially equal to about 8A or less.

11. A communication device according to claim 10, wherein

the at least one inner edge has a height H in the range of

about 2A to about 6A.

12. A communication device according to claim 10,
wherein the surface acoustic wave device comprises one of a
surface acoustic wave resonator, a longitudinally coupled
resonator filter, a transversely coupled resonator filter, and
a ladder type filter.

13. A communication device according to claim 10,
wherein the piezoelectric substrate is made of at least. one of

piezoelectric ceramics and piezoelectric single crystals.

14. A communication device according to claim 10,
wherein the upper surface of the piezoelectric substrate has a
pair of grooves arranged substantially parallel to the
substrate edges and extending from the upper surface toward the

bottom surface.

15. A communication device according to claim 14,
wherein the pair of grooves have inside surfaces arranged to
contact the maim region of the upper surface and defining inner

edges for the main region.
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reflecting the shear horizontal type surface acoustic wave.

17. A communication device according to claim 14,
wherein at least two IDTs are disposed between the grooves on

the upper surface of the piezoelectric substrate.

18. A communication device according to claim 17,
wherein the at least two IDTs include a plurality of electrode

fingers, and if the wavelength of the surface acoustic wave is
represented by A, the widths of the outermost electrode fingers
of the at least two IDTs are approximately A/8 and the widths

of all of the other electrode fingers are approximately A4,
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