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FREE EDGE REFL!CTXVE-TYP~ S'OR~ACt ~COUSTIC WAVt DEVICE 

pACKGROUND OF THE tNVENTIQB 

Field o{.the...IlJv@ntion 
· The present invention relates to ~ fre• edge 

reflective-type surface a~ouctic wave (hereinafte~ referred to as 
Hsurface wave'') device .utili~ing SH-type surfl,ilCa waves, and more 
particule~ly, to a tree ed9e ratleotivo-type surrace wave 
resonator utilizing SK-type laaky waves ae SR-type surtace waves 

in o~d~D-to wi4Qn the trequQncy band. 

Jl§scriptiqn of tbe R'lated Art 

Various types _of surface wave reconators hav~ been 
used as resonators for operating in the MH2 frequency band. Some 

o! the surface wave resonator~.u~ilizinq the SH-~ype su~face wave 
have been ~sed as.resonators havinq a wide frequency ban~. Llk• 
the BGS w•va·and the Love wave, the SH•type surface wava is a 

I • • • 

surtace wave whos~ ~ain component of displacement js alcnq a 
direction perpendicular to the directions of propagation of ~he 
su::r:tace wave. 

A ccnvention~l free edqe reflective-type surface ~ave 

casonator utiliz1n9 the BCS w~ve has~an interdi~it•l transduce~ 

(h~>:e.inatter referred to as ·~IDT''), coll\prisin9 a pait- of . 

comb-like electrodes, torined on a piezoeltt.etric subs1:rat• made of 

a pie~oel*etric ceramio materia1 such ~· laad titcn~t• zi~oon~ta. 

Another.conventional surface wave ~esonaeor utilizin9 the Love 
~ave bas~" IDT ~ade of gold (Au), fo~med by a pair of comb-like 
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elect~odes, located on a pi~zo•lectric substrate ~aae of Y-cut 
x-propagating single "crystals of ~ilJb03 • 

However, the surface wave resonato~ utiliiing the BGS 
~ave, thouqh havin9 a wide frequency ba~d, has a problem in tha1 
it has ~n upp~ resonance frequency limit of 70 MHz due to · 
limita~ions in the frequency characteristics and 9rain. aize. 
The surface wave reson~tor ~tilizing the Love waves alsc ha• a 
problam in that comb-like e1ectrodes made of Au cannot b6 tormed 
to have a sufficiently larsa thickness dU• to hi9har coats and 
li~itations in tho IOT ~crmin9 eechniqu•. rher~tore, .this type 
of resonator os ~ wide band r•son~tor ha$ a resonance f raquency 

9reate~ than 300 MHz. . 

. . . 

.... Accordingly, none of the conVQntional surtace wave 
resonators utilizing the ~-type surface vavos al;'e suita~Je .tor 
use in a frequency band havih9 $ ~ange of about 70 to 200 MHz. 

Th• ~ref erred e~bod~~cnts or the present invention 
provid• a tree edge reflective-type surface wave reQonator 

a~lt~~le ~cr·use in a fr&quency band having a rpnge of about ?O 
to 200 MHz bnd which exhibits resonance.cbaraoteri&ticc having a 
wide fre.quency band • 

Tlle preferred cmbodi~ents of tha present invention also 
provide e trse edge reflective-~ype surfaca wave re$onator 

arranq6d to have sa-type surf ace waves ref leactad between two 
apposing free edges o! a pie~oelectric suhctrate, wherein n 41° 
Y-cut x-propagatln9 pieioelQctric substr•te made of pia&oeleetric 
single cry5~als of LiNbO, is used az the pie~oelac~rie substrate . 
and lea~y ~aves a~e used es the SH-~ype surtace wave. 
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More specitieally, .~ha prefe~red embodi•ents of the 

p~e~ent invention provide a free edge reflactive•type surface 

wave ~esonator utili21ng SH-ty~e leaky waves, eo~prisin9 a 41° 

y~cut x-pr.opaqatin9 pie2oeleotric substrete mad~ of piazoeleceri· 

s =:iinqle crystals of T.1NbO,, the piezoelectric substrate having twc 

opposing free edges And a pair ot main surf aces connec~in9 the 

t~o opposing free edges; and an interd1git~l transducer locat.cl 

on.one of tha main surfaces of th• piezoelectric substrate and 

havinq a pair of com~-lik• electrodes with more than one 

10 e1sct~ode finger: wherein the elact~ode f inqers o! the pair of 

corab-like electrodes are arranged alte:t'natin9ly with each other, 

with the o~ter ed9&s of the electrode tingers on both sides of 

the di~actiona of p~opagation of the aurface wava ax~ending on aJ 

1$ 

J 

uppex- main surf ace ot the subst~ata alonq • len9t11 ot the free 

· edges of the piazoeleetric sub~tra~e, the width o! the electrode 

fingers on the both cidas being substantially equal co 1/8 of thf 

wavelength f the surfaoa wave and the width or the remaining 

el4ct~ode f ingcrs tially equal to 1/4 ot the 

wavelenqth of the 

. A fenturc of the fre• ed9e retleotive-~ypa surface wavt 
resonator.of•the preferred ~bodiments o~ tbe p~asQllt invention 

is the use of a typ~ of SH-type surface wave called a 1eaky wnve. 

The leaky w•ve, also called a decayinq elastic surface wave, 

radiates enerqy and thus ia decayad a~ it p~opa9at9s thrQugh.the 

p~ezoeiectrio subst~ate. ~herofo~e, it ~As be•n thought that 

l&a):.y 'W'BVYS COUld not be \lS4tc\ in ~·b°ut::fa.oe WaVa d&Vice b•C&URtll 

such leaky waves a~~ decayed.to a large extent. 

A te~ture of the preferred ambodiments of the present 

inventioh is the-~tilization of the leAky w~v~ hitherto t~ought 

JO to_ be u~usable in ~ su~tace wava device. 1n th~ !~ee •dqe 

reflective-type surface ~ave resonator, an lDT is located on one 
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ot the ~ain surfaces of the piez~•leetric substrata joining th• 
two opposi119 tre$ ad9es. In the free edqe retlective-~ype 

5ur£ace W•ve rcso~ator, tha entire surf8c~ wave propagation 
r~gion allows development of surf-oe wavas by a~citation, the 
reqion being located on one of the main surtaces ot the 
piezoelactric substrate joining the two opposin9 frae ~dgas. 
·Therefore> there are al•ost no ~ortion• of the reqion where th• 

Gurface waves, developed by excitation, ara decayed, durinq 
dri~in9. Consequently, a rasonator havinq excallan~ resonance 
chDracteristics with a satisfActory crast~to-trou9h ratio (that 
is, the ratio of the impedance valuo at the anti-resonanca point 
witb :..-espect to th~ impedance ~alue at. the reconance point) can 
be produced, even with the use of leaky wavas whSeb a~e 
cons~derably decayed by ~•diation of energy. on the other hand, 
the piezoel•ctric substrata ~a~e of 41• Y-c~t X-propagatinq 
piezoeleot~ic aingl• crys~•l• of L1Nb03 exhibits a large 
eleetro•8Chanical COUplin9 facto~ in the fraquancy band range Of 

abeut 70 to 200 MH~. Howavar, Vhon the aurtaca ot th• 

piezoelectric s~Ds~~ate is met~li20~, the propaqation loss is 
relatively hiqh at 0.044 dB/A, so that formation ot the.XDT on 
~he surtaca·produceG a le~~y wave having the •farA•entioned 
propagation loss. For this ~eaaan, piQtoe1eotr~c $Ubstrates made 
of 41• Y-cut X-~ropa~atin9 piezoelectric single crystals o~ 
LiNb01 were no~ hitherto used tor sla"face wave devices such as 

25 aurface wava tilters or sux-face wavo ~esonatora. 
The rreQ edge ref lectiver~ypc surtaee vave r~son•tor oi 

the preferred ~:i,boditnents bf .the prestmt invention is constructed 

to positively utilize the above-dascribed. laaky wewe. This 

resonator, ~hich is P~•fera~ly termed by th~ 41• Y-cut 

~o x-propaqatinq piezoelectric sub~tratc made ot piezoelectric 
sinql~ crystals of LiNbo,, can have G ~ide trequ•ncy b~nd ot 
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a~out ?a to 200 Mlfz, because ~he piezoeleQt~ic substr~t• has a 
hi9h eleotromachani al oouplinq !actor. As is clear, tor 
exa~ple, trom the p.efe~rea embodi~en~s to b6 des~ribed below, 
has been confirn:ed at .the prefal:rerd embodiments ot the present 
in~ention provide a esonator havinq a wide frequency band,·witl 
a relative bandwidt of about 6.5, in tha f~equency band o! abo\ 
70 to· 200 Kif&. 

Aceo~din9ly, the pref•'t"l:'*d *mbodiments of the present 
invention can provida a reson~tor suitable tor use in the 
frequency band of about 70 to 200 MHz -nd having a wide trequenc 
band. 

.For the puri:iose ot illQatratinq th• J.nvie:n'Cion, there J 
shown in.the drawings s~vQral form• wnicb are pr•s*ntly 
pr•~•rred, it being \U"ldarstood, however, that th~ invention is 

is not limited to the PX•cise arr~n;ements •od instrumenta1ities 

"'0 . . . :,,;· 

25 

shown. .. 

BRIE[ D~SCRI.fTION Ol l'HE PR!:WTNgs 
Fig •. 1 is a per~pectiv~ ViQw of a fr•e e4qe 

retiective~type surf~ca wave resonator of a prafar~ed embodi~ent .. 
ot the ~r~sent in~antion. 

Fig. i is an exa~ple of a reGonance charact•r~stic of 
the free edge reflective-type surface wavA resonator of the 
preferred embodiDent. 

Dt§C~TPTIQN Of PRtFEB.REO EMBOOIMENT~'OF THt PRtSENT IijVENTXpN 

A description will now be given of a prefcrr•d 
e~bodimeh~ with re!arenca to the drowings. 

This Sheet l-las B 

111111/H i/lir 
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Fiq. l ls a perspective view of a free edge 
refl9 ctiva-type surface wave resonator of o preferred embodSmen1 
of the prese~t invention. 

Refer~inq to Fig. l, a fr•e edge reflective-type 
surface wave resonator i• pre!erably fcrm•d by uaini a 
substantially reetanoular piezoelectric substrata 2. The 

· piezoebac~ric substrate 2 is preferably made of 410 ·y-cut 
.x-propag~tinq pieioe~ect~ic singl~ crystal& of LiNb01• An IDT 
located on the upper su~face 2a o! the pie2oolectric substrate 2 
is for~ed by a pair or comb-like electrodes 3, 4. The comb-l1kt 
electrodes 3, 4 have a plUTality of elec~rode tingers 3a to 3c 
and 4a to 4c, raspectiv•ly • 

.. .. The electrode fingers Ja to 3c and electrode fingers 4 
to 4o are arran~ed alternatinqly with ••ch other. The interv~l 

15 .between th~ phiral i.ty of elect~~de £in9ers 3a to 4c is pref erabl 
&ub&tantially eq~al to l/4 of the w~velen9th ot the leaky wava t 
be excited. Tha width of tl\• electrode fin~ers Jc, 4a located a 
b~th adqes cf the doublQ-h•aded a~ro~ indiceting the directions 
of propnqAtion of thQ QUrfaCQ ~a~e is aUbStanti&lly equal tO l/8 
of W&V•length Of th• leaky wave, and the width Of the re~aininq 
el•dtrode.fin9ers 3a, lb, 4b, and 4r. is ··ubatantially equal to 
1/4 of the wavelenqth of the leaky wave. 

30 

~he outer adge• of the e1ect~oda finqers 3c, 4a are 
· ··foniQd to e>:tencl on the upper surface 2a alon~·a l.e:n9th of the 

free edges 2c, 2b. 
ln tha freQ ~d9e ref loe~tv"a-type surfa~e wave rasonato 

1, application of bltern~ting Vclta90 from th• comb-11~e 
•laotrode$ 3, 4 p~oduc•S leaky w~v•c by excitation whjch 
propa9ate in tt.e directions of the double-headed •rro~ X in 
~ig. l. The~e ~aves ~re reflected by t~o opposing free edges or 
the pie~oelectric substrate 2. 
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Therefo~a, tho •nt~r• surface wave propag~tion region 
on the upper surface 2a of the piezoelectric aubstrnte 2 is an 
=xcitation reqion. In other vords, there is no reqion where the 

surf ace waves only propagate in the directions o! the 
double-headed arro~ x. ~heratore, the resonance characteristlcs 
ot the tree e~ga reflective-type •u~faQs ~ava resonator l 

resulting.from the us~ at leaky waves can be uti1ized,.with 
almost no decaying influence. 

·,: 

A description ~ill now be qiven of the $pecif ic result1 
ot an QXperim&nt. The free edqe retlectiva-type surfae• ~ave 
reson~tcr 1 in ~hich a le~y wave ~av1ng a wav~l•n11th A of 60 ~· 
produ?ed by e~citQtion was prepared by a•ployin9 a pie~oe1ectric 
sub~t~•~e- 2 •ada of Y-eut x-propegat1nq p1ezoe!ectri~ s1nq16 

cry~tal.s of LiNbOi aJ\d h.aving a di'!l'ension of 2. o "mm x 1. o 1\lm. A 

pair of comb·lika electrodes 31 4 who•e •l•ctrode ~inqe~s hav« a 
pair number N of 15.5 ware formed on th• piA?.o•lectric SQ~strat• 
2 by Alminium dapoei~ion and patternin9. The rasonance 

characteristics of the surface wDve resonator is shown in Fig. 2. 
As is clear from Fic:r:-·2 1 the resonance frequetlcy fr ia 

73 •. ~ MHZ, ahd the antire&o"ance ~requency fa is 78.2 MHz, and 

thu~, ~t ~-fa - rr • 4 , so ~hat ~· reson~tor has a wide 

trequeney ~~nd: It also clear that th• crest-to-trouqh ratio, 
tlset i• the ratio o the i~pQdance value at the antiresonance 
point ra with resp t to the imp~dance value at the resonance 
point r~.is larqe ~about 60 d~. 

Another f ~ee edqe ref lect~vc-type curf ac• wove 
resonator was pr· artd using ~e sa~e type of piezoelectric 

tha e.lact:rode f 

excitation had 
tr .is 112.S MHt 

In this resonator, the p~ir nu121ber N of 
qers was l~.s. but the leaky wave p~od~c•d by 

wavelength ~ of 39 um. The resonance trequaney 
wi~h the di!terence het~een th~ antiresonance 
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f~Qquency and th~ resonance frequency 4f beinq 7.J MH2, so that 
the resona~or exhibits resonance while havin~ a wide frequan~y 

' band. This resonator also has a la~9e crest-to-trough ratio of 
60 dB, Yhich p~oves ~hat thare is almost no dec~yinq influence 

s the leaky waves. 
While pref •~red embodiments of the inv•ntion have baa 

di~oloc$4, various modes ot carryinq out the principles.diaclos 
herei.n ara contell\plftted 4.lS beinq 'Within tl1e scope of the 
following claims. ~ha~etore~ it is understood that the scopa c 

io the invention is not to be limitea axcept as otherwi~e set fort 
in tbe ola1ins • 

. . . 
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WHAIJ' IS CLAIMED IS: 

i. A f~ee edge r~flective-type sutface wave 

resonate~, comprisin~1 

a piezo•lectric substrate having two cppc•inq trE 
edges and being arranqed to havo SH-type •urtace waves ref lectec 
ba~~een t~e two oppoainq free edge$, wherein a 41• Y-cut · 
x-propaqat1ng pi•&oelect~ic subst~ate nade ot pieioelectri~ 
single crystals of LiNb03 is used as said pie2oelectri~ substrat· 
and le~ky waves ar• used as the SH-type surface wave. 

2. A tree edge reflective-type surface wave resonate 
ut1liZiJ'\9· SH-type le.aky waves,- co.mprisings . . 

a 41 * Y-cu_t. X-propagatinq pie2oalec't.rie subst:rate 

made of pie~oelectric single cry•ta1s of ~iNbo1 , said 

piezoelectrio substrata havin9 two opposing r~ee edges and ~ pai 
ot main surfaces connecting said two o~po•ing free edges; and 

an interdi9ital transducer located on one of said 
main surfaeas of said piezo•lac~ric substrate and having a pai~ 
of coiub-lika ~lectrades with a

0

plurality of electrode fin9•ra; 
whereih . 

eaid el•ctr9de fingers ot sai.d pail:' of comb-like 
eleot~odl!S-S are arranged altern•ti~gly, with the outer edges ot 

· ·'said elec::trode f in9ers on J'.)oth sidos i11dicatin9 the directione o~ 

pl:"opag•tion of the sqrface wave arranged to extend on sa.id one 01 

5tl1d pair cf main •urfaces alonq a;i,;;nqt.h of said free edges ot 
said piezoelectric substrate, a ~idth of each of said electrode 
tingers on s~id both edges being su~s~antially equal to l/B of a 
wavelength of said su~fac• wave ana a Width cf eech ot the 
remaininq electrode tin9~ra oeinq substantially equal to l/4 ot . . 
the wavelength cf said 5Urfaea vave. 

ii11111111nr 


