SUREACE ACOUSTI C WAVE DEVI CE BACKGROUND OF THE . NVENTION 1. Field of
the 'l nvention The present invention relates to a surface acoustic wave
devi ce using a shear horizontal type ("SHtype") surface acoustic wave and
including a plurality of surface acoustic wave el ements connected in such a
manner to form for exanple, a |adder-type filter. 2. Description of the
Rel ated Art There are nany conventi onhal™ types of surface aco isC wgk
(SAW devi ces which include a- pIurallty of SmNVeIenents For exang?% a SAW
filter in which a plurality g 2 ranged to def Age15ie -9

| adder circuit is known and r ' = vl Fig. 1A shows a
conventional |adder filter 201 disclosed in Japanese Lai d-open patent
application No. 5-183380, and Fig. 1B is an equivalent circuit thereof. The
| adder filter 201 includes a piezoelectric substrate 202 and series

one- port SAYYFREROGHE' Q%afﬁ,%éﬁld paral l el one-port SAWresonators
205, 206 and 207 dlsposed on the piezoelectric substrate 201. Theseries
one- port SliLE$£¢duQi$;h§E£nﬂﬁiﬂzlmlare connected in series between an
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i ncl udes a respe [ %a}gﬁ’ﬁg . Eflgrrgiltfap%t ?é‘%\ééggeggaﬁ%ﬁ*égéyg% e %‘%snd
a respecti veopag¢cted imasuchy aanamnrtso 2030m 2 0Fdr déxqmpkel, on baddey+eype

si des there?%lt+€)the SAW resonators 203-207, surface acoustic waves '
excited by Ts 203a-207a are confined between the grating reflectors
203b-207b so as to form

escription of the e £

.There are many conventional types of surface acoustic wave
(SAW) devices which include a plurality of SAW elements. For
example, a SAW filter in which a plurality of SAW resonators are
arranged to define a ladder circuit is known and referred to as a
ladder filter. Fig. 1A shows a conventional ladder filter 201
disclosed in Japanese Laid-open patent application No. 5-183380,
and Fig. 1B is an equivalent circuit thereof. The ladder filter
201 includes a piezoelectric substrate 202 and series one-port SAW
resonators 203 and 204 and parallel one;port SAW resonators 205,
266 and 207 disposed on the piezoelectric substrate 201. The series
one-port SAW resonators 203 and 204 are connected in series between
an input terminal IN and an output terminal OUT to define a series
anﬁ, and parallel one-port SAW resonators 205-207 are respectively
connected in parallel between the series arm and a ground potential
to each define a parallel arm.

As shown in Fig. 1A, the SAW resonators 203-207 each includes
a respective pair of interdigital transducers (IDTs) 203a-207a and
a respective pair of grating reflectors 203b-207b dlsposed on
opposite sides thereof. 'In the SAW resonators
203~207, surface acoustic waves excited by the IDTs 203a-207a are
confined between the grating reflectors 203b-207b so as to form



-2- ' standing waves. Each of the resonators 203-207 has a resonance
,characteristic in which the inpedance of the resonator is lowin the
vicinity of a resonant frequency and the inpedance is high in the vicinity
of an antiresonant frequency. In the | adder filter 201, the resonant
frequency of series one-port resonators 203 and 204 are constructed to be
coi ncident with the antiresonant freqdéﬁ%y of the parallel one-port '
resonat ors 205-207. Thus, the ladder filter 201 is provided with a passband
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wave device.h si.gni ficantl roved erfornance characteristics and a
signi fi cmﬁfy%%é%gfﬁ d%"r?&é’&’ Fheemardddielgevi ces.
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acoustic wave devi ge i ncludes a_surface acoustic wave substrate haV|ng a
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el ement RIHYY igtad &¥) Jrite-pord e oEteTd Q0P \hd P i thid reizdmanitNg Usi ng
a SH-type surface acoustic wave. The surface acoustic wave elenent includes

an i nt er AERIUANGY s hhe Paralile] £na-Ront mesenators 9P 48nger s and a
reflector havi mxeaceh%ﬁﬂbﬁamfmi&éf F39e el 0€] SandBehel Fadder fifiters
out ernost. el ectrode fingers is flush with _one of
of this type have been widely applied to a televisions, VCRs,
communication devices such as a cellular phone or the like.
However, there has been a continuous demand for improving the
performance of such a ladder filter and miniaturizing such a ladder

filter.

SUMMARY OF THE I TION
The preferred embodiments of the present invention are

constructed to overcome the deficiencies of the prior art devices
and provide a surface acoustic wave device having significantly
improved performance characteristics and a significantly reduced
size as compared to conventional devices.

' According to a preferred embodiment of the present invention,
a surface acoustic wave device includes a surface acoustic wave
substrate having a first end surface and a second end surface, and
a surface acoustic wave element provided on the surface acoustic
wave substrate and operating using a
SH-type surface acoustic wave. The surface acoustic wave element
includes an interdigital transducer having a plurality of electrode
fingers and a reflector having a plurality of electrode fingers.
One of a pair of outermost electrode fingers is flush with one of



-3- " the first and second end surfaces of the surface acoustic wave
substrate, and the reflector is located at a side where the other of the
pair .of outernpost electrode fingers is positioned, so that a SHtype
surface acoustic wave excited by the IDT is confined between the reflector
and the one of the first and second end syrfaces. The surface
acoustic wave device may include one or "a plurality of the surface acoustic
wave el enents described above. If a plurality of surface acoustic wave
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s an equisarBatesircuit of the |ladder filter shown in Fig. 1A Fi g.

2 is a perspectiye viewof a SAWel enment used.in a SAWdevice according to
preferred enbodi%%tgsu%#a?%eacp?‘éss%? YaNBNIFHHCE May 1R¢ ‘.Jé%Ao'i’% Qr 4
per specti veplurahity of SAN darfare acdisttild wmave eddnentsi describedoablowe. t 0
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to second preferred .enmbodi gent of the present Jjnvention. . Fig. 4B s
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For the purpose of illustrating the preferred embodiments of

the present invention, there is shown in the drawings several forms
which are presently preferred, it being understood, however, that
the invention is not limited to the precise arrangements and
instrumentalities shown.

BRIEF DESCRIPTION OF THE DRAWINGS .
Fig. 1A is a perspective view showing a conventional ladder
filter. |
Fig. 1B is an equivalent circuit of the ladder filter shown
in Fig. 1lA.
Fig. 2 is a perspective view of a SAW element used in a SAW
device according to preferred embodiments of the present invention.
. Fig. 3A is a perspective view of a SAW device constituting
a ladder circuit according to a first preferred embodiment of the
present invention. _
Fig. 3B is an equivalent circuit of the SAW device shown in
Fig. 3A. _
- Fig. 4A is a perspective view of a SAW device constituting
a lattice circuit according to second preferred embodiment of the
present invention.
Fig. 4B is an equivalent circuit of the SAW device shown in



-4-  Fig. 3A Fig. 5is a schematic plan view showi ng a SAW devi ce
according to another preferred enbodi nent of the present invention.

Fig. 6 is a schematic plan view showi ng a SAWdevice according to still
anot her preferred enbodi nent of the present invention. Fig. 7is a
schematic plan view showi ng a SAWdevi ce according to another preferred
enbodi nent of the present invention. " "Fig. 8 is a schematic plan view
showi ng a SAW devi ce according to another preferred enbodi nent of the

pr esent invleg#ioih. Fig. 9 is a schematic plan view showi ng a SAW
device accordrng to another preferred enbodi nent of the present invention.
DETAI LED DESCRI PRGN GH sREFEIRRY f/PORNMENIS showingTaSAWdeviocesaadording

present invgnt] l.ed, edqge reflecti type SAWresonataors as

B ST osed | E0 R Gt Said Slert 'd Phd R atent GRS idh ovave
Theory and TechniEjige, 6\i8 a gehemitid plahiew ahdwingea Sawcaseied atdlﬁirdid%
refl ection {__%pﬁe] SQIWres nat ors tca%ﬁt%g%d.ed to af I #?ger filter, or a SA
devi ce i ncl T Pt At FRPEHITE PIRTRARL ment of the, pRessnh INKRMRian:
di scover e(cji thath tlh‘sg.cardmaﬁamhaﬁﬁdﬂegnf\iiéﬁﬁsh&bfifr@ré Shmﬂébﬂ@efmddﬁlﬂl g
associated wt ating r eciors of, SAWresonators. Mre specifically,
the grating"? e??‘g@?%ﬁ ﬂ%%ﬁ%ﬁ%‘{%%ﬁé’i&%&&&f%& RAVEML M- | DTS,
whi CQ pr erent st _m'micf.t Briisawamﬁt%&plhﬁdﬁ:_@éw Shickihg ?_SAW dé?f.éé?c‘&&ﬁdi&f@’,
an edge ref]ectio pe resonat oy, requires no grating reflectors.
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which is determ ned by a frequency characteristic of the edge-reflection

SAWresonator. This nmeans onl one edge-refl ection
DETAILED DESCRIPTION OF P ERRED EMBODIMENTS

The inventors of the present invention have studied edge
reflection type SAW resonators as disclosed in U.S. Patent No.
5,184,042 and IEEE Transactions on Microwave Theory and Technique,
Vol. 44, No. 12, 1996, and have discovered that edge reflection type
SAW resonators can be applied to a ladder filter or a SAW device
including a plurality of SAW elements.

The present inventors discovered that the conventional
ladder filter suffers from the problems associated with grating
reflectors of SAW resonators. More specifically, the grating
reflectors are relatively large compared to the size of IDTs, which
prevents miniaturization of the ladder filter.

: On the contrary, an edge reflection type SAW resonator
requires no grating reflectors. Therefore, a ladder filter can be
miniaturized by using an edge reflection type SAW filter. An
edge-reflection type SAW resonator uses end surfaces of a
piezoelectric substrate to reflect a surface acoustic wave, and the
distance between the substrate end surfaces is set at a specific
value which is determined by a frequency characteristic of the
edge-reflection SAW resonator. This means only one edge-reflection
SAW resonator can be formed on one substrate, and the size_ of the



SAW resonator can be formed on one substrate, and the size of the

substrate differs based on the frequency characteristic of the

edge-refl ection SAWresonator. This requirenent does not permt integrating
a plurality of edge-reflection type SAWresonators. The inventors have
solved this problem successfully as explained belowin detail.

Hereinafter, preferred enbodi nents of the present invention are expl ai ned
in detail with reference to the draw ngs. Fig. 2 is a perspective

viewillu i Ay I f urfac cousti c Vi AW .el e 101
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per pendi cul ar, tt .t.the propagating direction of the surface acoustic wave and
i s subst arth gﬁ% drallel to the surface of a substrate on which the SH-
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I ncl udes SH | eaky waves,. Lqv ves and BGS (Bl eustein- gev- Shim zu)
waves. are éﬁgw é‘ﬁeﬁle%f\éﬁ ?”H‘(Fl?‘ucf egeﬁcgzigé%ﬁ A¥IPIErate 102, an

interdigital tradgdueetis(aDppripectideavield eatasti@tinghanpegamnphecbti &
‘'substrate 102 has a pair, of end surfaces 102a _and 1Q2b gnd i.s preferably
‘made of aSHFré&26& égf’gis@lﬁaf"é?’ieal(,s%ﬂcﬁ enty éi& whighods psedoag; @ one-

pi ezoel ecipoirt gesdfihtoraihidNs@W deviee! a6EbraififNed Hrafeyirid embbdinelts
.pi ezoel ect;ghm ngl e crystal, or quartz single crl{stal . In the case where
‘the subst P POPTPECREIENBENE1RD oel ERE FAVW Rlementts 141 d8 Gonstructed to

pref er abl wtializel acdhieart hordzoatailon sH)disediradeddwakies aThowhEsshown in

Fig. 2. : .The L DT 103 has a pair of comp-shaped el ectrodes 106 and 107

di sposed 8ReFHéhlee§éPnsu??eﬁ%s Tace sGRYEFALVaAYR idhdefined b & Aupdace

el ectrodeacbigtdedwa¥é Rhechl éRpeLiehfebedispEicbmbnel B aVdir«2agbnothat:

Each of the conb-shaped. el ectrodes 106 and 107 include a plurality of

el ect r ode 1fi § §§§ng\£%f%¥)>pqq;@nd1cular to the propagating direction of the
surface acoustic wave and is substantially parallel to the surface
of a substrate on which the SH surface acoustic wave is excited.
For example, such SH surface waves includes SH leaky waves, Love
waves and BGS (Bleustein-Gulyaev-Shimizu) waves.

The SAW element 101 includes a piezoelectric substrate 102,
an interdigital transducer (IDT) 103 and a reflector 105. The
piezoelectric substrate 102 has a pair of end surfaces 102a and 102b
and is preferably made of a piezoelectric material, such as a lead
titanate zirconate piezoelectric ceramic, a LiNbO, piezoelectric
single crystal, a Li'].‘at)3 piezoelectric single crystal, or quartz
single crystal. 1In the case where the substrate 102 is made of
piezoelectric ceramics, the substrate 2 is preferably polarized in
the direction indicated by the arrow P shown in Fig. 2.

The IDT 103 has a pair of comb-shaped electrodes 106 and 107
disposed on the upper surface of the substrate 102 and the
comb-shaped electrodes 106 and 107 are arranged to be |
interdigitated with each other. Each of the comb-shaped electrodes
106 and 107 include a plurality of electrode fingers, whereby the



| DT has a ‘pair of outernost el ectrode fi ngers 108 and 109. One of the pair

of -outernost el ectrode fingers, i.e., the outernost electrode finger 108 is
arranged to be flush with one of the end surfaces, i.e., for exanple, the
end surface 102a. The reflector 105 is preferably a grating refl ector

and includes a plurality of electrode fingers. Both ends of the el ectrode
fingers are short-circuited. The reflecfor 105 is |ocated on the side of

the other of the pair of out er nost eI ect rode fingers, i.e., the outernost
el ectrode $pAdfs 0Bair of c er sapd, £ he
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reflector is pr dﬂhele(bacihbet\peemﬁl& 'rdfleca:l.ﬂm@l:r ﬁﬁ.ﬂg&rblcamxttﬂﬂﬁwb.ldtﬁr@fgﬂfe
refl ector orm ot her SAW el e el ectrodes to
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101 are forned and arranged on a single substrate to a parall
series ci reaye ta heremlterér@aéqmgsuhstram Ri | ithe md&hr afigiing) autermost

plurality of A& FEYer 1hs 4% Preferably set at about\/8.

Upon application of an alternating current voltage from the
' comb-shaped electrodes 106 and 107, the SH wave is excited in the

SAW element 101 and propagates in the direction which is
substantially perpendicular to the end surface 102a. The SH wave
is reflected between the end surface 102a and the reflector 105 so
that the SH wave is confined therebetween.

Since the SAW element 101 requires only one reflector, the
SAW element 101 can be made smaller than a SAW element having a pair
of reflectors. In addition, the end surface of the substrate 102
of the SAW element 101 does not have to be aligned with the outermost
electrode finger on the side where the reflector is provided. This
permits the substrate 2 to extend beyond the reflector 105 and
provide a space to form other SAW elements, electrodes to be
connected between the SAW element 101 and the other SAW elements
or the like thereon. Therefore, it is possible that a plurality
of SAW elements 101 are formed and arranged on a single substrate
to form a parallel and/or series circuit, thereby increasing the
flexibility of arranging the plurality of SAW elements 101 on a
sihgle substrate.



si.ngl"e' substrate. - -7-
Hereinafter, a surface acoustic wave device conprising a plurality of SAW

el enents shown in Fig.2 will be explained in detail. Fig. 3Ais a
perspective view illustrating a surface acoustic wave device according to a
first preferred enbodi nent of the present_invention. In the surface

acoustic wave device 1 shown in Fig. 3A 7a'pl urality of surface acoustic
wave el enents, vvhi ch operate using a BGS wave as the SHtype surface

acousti c wave, d gt a_l Is- t

surf ace acoustlc wave evi de 1%|ufrfglra? ed c%q%u St eal‘#e)‘/']\’:gcf’gﬁ‘gﬁllgﬂ'nghgped
surface acpUtrakitpasl SiMstelaments Bhowuritaddaeostlilc bsexplaisiodatia 2 i s
pr ef er abl vy, of a piezoelectric single crystal or piezoelectric ceramc
such as LiTa Li No®3, or quartz. IDTs 3-5 are provided on the upper

surface of the Hird.a32 Jaacaqmﬁscpe@aelevthewmmé&:ﬁalﬁinq Bagurfece E'E@u%ticare
| ocat ed aI of .t he surface S c wave substrate 2.
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acoustic vxmz\aermﬂmt.rate 2 such that the IDIs 6 and 7 are | ocated al ong an
end surface 2bcf tt& % ce acous |c wave substra Each_I DT 3-5
has conb- shaped “é aﬁgvaﬁaug FCuave: ?egp.cgl éctsPBHB ipn§dgs RAera@in

one of a galuraifmwtcefr snxtfaéengeoﬁstscfdzwé ¢l éente, anfichik t&using
pposite to the end surface 2a in the

Refl ectors ar e
pr opagat i 051%5950 Yeye oﬂs o‘frﬂa? ﬁ?‘ﬂﬁ%é@"&é‘ﬁﬁs?f’eu%% waye ire connaGted tors
3-5, i.e. fam s deridéreitypen€iditeer. of the palr of .outernost fingers of

each IDT 3 to 5_j.s loc ted Each reflectaor 8-10_is preferably a gratin
refl ector havi n&lhzf ool QFFt?F%sH%é'farvcﬁjéeF’llﬁ&e?‘sl%‘l%‘ﬂ‘ie%|ar 8&?’5&&‘1&9—3&3%

ends. reciiandulars-shapednsur fat e dovust ivkave S@hsesate 7. eRauRtase

whi ch corr, eSoDus%dfc tw?:wae %u S%Ir%r{%n Jigl pi'g%\gzl:albriyﬁmgdezbfl g tpgezoelc-zctr:lc
single crystal or pJ.ezoelectrJ.c ceramic such as LiTaO,, LiNbO,, or
quartz. IDTs 3-5 are provided on the upper surface of the surface
acoustic wave substrate 2 such that the IDTs 3-5 are located along
an end surface 2a of the surface acoustic wave substrate 2.
Furthermore, IDTs 6 and 7 are provided on the upper surface of the
surface acoustic wave substrate 2 such that the IDTs 6 and 7 are
located along an end surface 2b of the surface acoustic wave
substrate 2.

Each IDT 3-5 has comb-shaped electrodes having a plurality
of electrode fingers wherein one of a pair of outermost fingers is
flush with the end surface 2a. Reflectors 8-10 are formed at sides,
opposite to the end surface 2a in the propagation direction of the
surface acoustic wave, of the respective IDTs 3-5, i.e., at sides
where the other of the pair of outermost fingers of each IDT 3 to
5 is located. Each reflector 8-10 is preferably a grating reflector
having a plurality of electrode fingers short-circuited at both
ends.

The IDT 3 and the reflector 8 form a series arm resonator S1
which corresponds to a SAW element 101 shown in Fig. 2. 1In this

series arm resonator S1, a surface acoustic wave is generated by



series armresonator Sl1, a surface acoustic wave is generated by

the IDT 3 and reflected by the end surface 2a and the reflector 8 and thus,
t he surface acoustic wave is confined between the end surface 2a and the
reflector 8. In contrast to the edge reflection type surface acoustic wave
resonator in which the surface acoustic_yave is confined between both end
surfaces, the surface acoustic wave in the series armresonator Sl is
reflected by the end surface 2a that is |ocated at one side end of the IDT

3 and al seHey 1o1es 2h4 0K Plede e By thelend'Su2RA8Y b8 shi%thl AdP1ddfor’ g0
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pl ural ity reffleicdonr §dbocahgdrat stive toppastitie exdide olfotheeDDT. 3 so thathehkeDT

6 and the .Qr paL al . r esonat or, P1. and the suyfac
acoustic \fg\%fefl age%tng%)till é&agy%ﬁg ?%%éﬁ#égég]n?gﬁvéﬁg%e?%e?f@rFeurr eeg.[aofan 1
and t he efdesmeifdect?r. 8.n the sane way, the IDT 7 and the reflector 12
forma parall el na n h urface acoustic wave generated
by the [T 7 i s SLBRtRER"ELRE Thw, fCspdriud K FES-ERE V1A mhd Seties, 2
The seri egesomatezofdl candlithes IDINGeand ke ndfleotpy 10eformaa ddties arm
pr ef er abl %e\éb%a%o@%gi ng wwre 13. The series armresonator S3 is connected

to the oufput term nal® OUT preferably via a bonding wire 14. Furthernore,
the series arm Eesbrid®6 Bid dritas hembeshapedr el ecsrodé® ha¥ing € plurality

el ectri callyy e $QRPEERE U § Py &AF WrddlSh Y &5 a pair of outermost fingers is

flush with the end surface 2b. Reflectors 11 and 12 are formed at
sides, opposite to the end surface 2b in the propagation direction
of the surface acoustic wave, of the respective IDTs 6 and 7, i.e.,
at sides where the other of the pair of outermost fingers of each
IDT 6 and 7 is located. Each reflector 11 and 12 is preferably a
grating reflector having a plurality of electrode fingers
short-circuited at both ends.

The IDT 6 and the reflector 11 form a parallel arm resonator
P1l, and the surface acoustic wave generated by the IDT 6 is confined
between the reflector 11 and the end surface 2b. In the same way,
the IDT 7 and the reflector 12 form a parallel arm resonator P2,
and the surface acoustic wave generated by the IDT 7 is confined
between the reflector 12 and the end surface 2b.

The series arm resonator S1 is connected to the input terminal
IN preferably via a bonding wire 13. The series arm resonator S3
is connected to the output terminal OUT preferably via a bonding
wire 14. Furthermore, the series arm resonator S1 and the series
arm resonator S2 are electrically connected to each other via a



-9-  connection el ectrode 15a di sposed on the substrate 2. Simlarly, the
series armresonator S2 and the series armresonator S3 are electrically
connected to each other via a connection el ectrode 15b on the substrate 2.
Furthernore, there is provided a connection el ectrode 16a, one end of which
IS connected to the connection electrode_}ga and the other end of which is
connected to the parallel armresonator P1” The parallel armresonator Pl
and the parallel armresonator P2 are connected to each other via a

connecti on Qdcd@nl @QecIESdGO 2% Ccfeiinsg:(bosfécf%tr{ ede é@gs{:faﬁg %.e ftsqg\itl%rggg_

end of a bonding wire 17. The ot he bonding wre s groun
The connect ithe SeXdeSo@d® resonatorcs2anadf theederiesharsulrssonatoz. S3 are

Ua B oo s rdraaly Shnkgct a1 RIERE ik biE £ ABHRELLIBASLELERESS 1B
series arm o¥sdhe gubssrate 83 and the parallel armresonators Pl and P2
o o ladder-type TErTErhBEEs CAbbE s pLoviiER s WullRO siteride 163,
reflectors ®nE2 ,endndf_thei@lmrﬁrsacDMmc&Iedctooﬁhe démnedtion aelecifizode d 5@ ande
e leotors T, OCREE" plid "B TReh sx"tPoBersad.toctie RAFaLIAY ARK regompter
formed of a®lsl etheipatallebraim riesenatber Pal and othe)pard el resohatsr
L e Be SORANRRL 8o B, vIU RO LaLE e FRRL e
curing of acommeettioncepesteoderlél lisr conntabed tewns gnésof a bondimpwdireg
(o Lo A9, Bfetor Rk BB B b SRR L 5ol b Pof Hhpfaciten
reduced conedesdtriodes 344w dedi 16bi arehifomedcbnothehgubsseatieoRs conprises
e e e IFC LR AR Rfaglad 5 SBhRLSvea co vid Bkt
electrode 15b via a connection electrode 16c formed on the substrate
2.

Thus, the series arm resonators S1 to S3 and the parallel arm
resonators P1 and P2 are connected so that a ladder circuit is
formed as shown in Fig. 3B. That is, a 1adder-tYpe filter is
realized by arranging the IDTs_3-7, the reflectors 8-12, and the
connection electrodes 15a, 15b, and-16a-16c on the single surface
acoustic wave substrate 2.

The IDTs 3-7, the reflectors 8-12, and the connection
electrodes 15a, 15b, and 16a-l6c are formed of an electrically
conductive material, for example, metal such as aluminum, silver,
or .copper or an alloy. The formation of these elements may be
performed by means of evaporation, plating, sputtering, coating and
curing of a conductive paste, or other suitable techniques.

According to the SAW device 1, since each of the resonators
Sl to 83, Pl and P2 has only one reflector, the total area of the
SAW device 1 can be greatly reduced compared to a SAW device in which
each of the resonators comprises a conventional SAW element having
a pair of reflectors.

In addition, the end surface serving to reflect the surface



- 10 -© acoustic wave can be obtained sinply by produci ng exposed end
surfaces 2a and 2b by neans of dicing. That is, it is only necessary to
perform the high-precision process of form ng end surfaces by neans of
dicing twice thereby greatly sinplifying the manufacturing process.
Furthernore, connections anmong the surfagg acoustic wave resonators S1-S3
and P1, P2 are all realized by electrically conductive patterns, that is,
t he connection el ectrodes 15a, 15b, 16a-16c, provided on the surface

acousti C vayGusths gabé can Bélobtaiddy téﬁ\%ﬁ?&ﬁ-{%ﬂf %M@% ’

t he connections anong the surface acoustic
wi t hout usFWEEaReRIi2agand Resbymeansuef diging.ctThat is,t it Lsuobby nefcdssadiyng

wires is [ r opgpe res
s Great |y b g yhe Mg TR sTon BELOGaE 0P oy ] st dskh. By
device 1, RRARF O dicing tyiceshenaby greatlyskiopdilfyy iny the memu fdvtuximigce
acoustic ‘(’J?i’@c%eé” ce 1 tothe input termnal, the output termnal, and the
ground and no bonding wires are required to make connections inside the -

| adder networ k. Furthemaye 4/&dmex themnsp amoinge thiee wuirlflace! azoust iz wasend
orerer e Seades o S 5 ARSAT S LS eSS ™
In the pr emduqﬁﬁergmemﬂsodthantisx ttheSédhdecitden2él pettedadl V54 nalskies
our ur ! S U ol LSRR AL R ST B EOREL 7 ey,
surf ace aciﬁlsﬁimtha\/prmntgréfepreﬁeemqmm Jahe eonnetadionacammyiq aheave
sl o el SR QR0 LB R R RS Srdline e
surface acolses amhvEhebst nEductiBls i38 tied nivnbaere dfo bainddd ngn winess iige,
L0 S AL Sy2fne frd i B RS Rl RIS R ol B
t he surf acks greasilycs impkifikdt r Moee?fpecifically, in the surface acoustic
wave device 1, bonding wires 13, 14, and 17 are used only to connect
the surface acoustic wave device 1 to the input terminal, the output
terminal, and the ground and no bonding wires are required to make
connections inside the ladder network. _

Fig. 4A is a perspective view illustrating a second preferred
embodiment of a SAW device according to the present invention, and
Fig. 4B shows an equivalent circuit of the SAW device shown in Fig.
4A. In the present preferred embodiment, the SAW device 21
preferably includes four surface acoustic wave resonators
connected in such a manner as to serve as a lattice-type filter which
operates using a BGS wave.

The surface acoustic wave device 21 preferably includes a
surface acoustic wave substrate 22. The surface acoustic wave
substrate 22 may be made of a material similar to that used in the
first preferred embodiment to form the surface acoustic wave
substrate. IDTs 23 and 24 are located on one side, along a side
surface 22a, of the surface acoustic wave substrate 22. IDTs 25
and 26 are located on the opposite side, along a side surface 22b,
of the surface acoustic wave substrate 22.



Each I'DT 23-26 has conb-shaped el ectrodes including a plurality of
interdigital electrode fingers wherein one of a pair of outernost electrode
fingers is flush with either the end surface 22a or the end surface 22b.
Refl ectors 27 and 28 are provided at sides of the IDTs 23 and 24,
respectively, wherein those sides are oppggsite, in the propagation
direction of surface acoustic waves, to the end surface 22a. The surface
acoustic wave generated by the IDT 23 is reflected by the end surface 22a-

and the reflect Gacl/ 184 23UtF HAWE SuiE-a96 L@ié&ti’@d’é‘sifn&ﬂ{ﬁir\fﬁgae g

t herebetween. Therefore, a surface acoustic wave resonator 1S pro
which is RPWrakity of dnterdigdtadoaiectrodect ingenatwhersiin onehoff arpair

preferred srbodicrmplt dl@ttiSde tﬂa.‘%.deg:g %ﬁ ﬁl?sﬂ Qﬁtfhle%kr@gg;?fu@ ﬁﬁféugﬁ%?
surface acoustic wave resonator S SmTarTy, the an F er or
28 defi ne ¥dtdertherengd surtace i22hvave resonator R2. On the ot her
hand, on'the sidg 1N I d ' N A s.29_ and
30 are located at sides IE) Q{’hge)&?[#za%% gﬁgv;égd%g%gﬁgvgﬁygﬂ%&r& ﬁgtmge
si des ar e dhpaespeqtiveky cwhexgimdtheRd sidescame cppped ite, dlx eclié on of
surface a | Ve . 1S I .the reflectar 29 .defipe a
sur face ag%t@al{%a Wavear1 ggg%g"? %‘r"%mafﬁggt %‘go'?%gléé" AV ﬁé ﬁbﬂ Fé’gt%‘?r%t‘)ce
define a S22¥.acBhesarfiaice agvustiswatogeRératediby the IDTQ Adsuséf evted
resonat or C C t0,C ves are reflecgt by ﬁe end

sur f ace 2?9 a%%pgﬁ§4F3?Féé?orzgd£@$ %ﬁf\g%#}%é¥ﬂ§ Z?hgn uﬁggﬁé é SRy tace
waves are agoustio wastevess adnef iavet sthdpeise tAddenn dridmefefe 2cd asuPface 30.
The surfa ' t.or _R1 _and.t he. sur.f ace oustic. wave

r esonat or &f LaE q feféhégg?il[%%§xf§€€€ eBF%lane Cﬁbtlﬁe?”&fﬁaﬁ?‘r°er€88ﬁ%%ﬁ‘??
conduct i veaagmts i warecoesend tan sS4l enttlnsl€idsa prepesred @mbddinent .ackhat
acoustic e e . bondi ng _w 32..i.S connected to the, .

connect i o\rll?ée/ﬂ gc%é P?)ﬁ efi?l%&g eifé re?ﬂgcgﬂff%_gge%&&ﬁsﬂ’% ﬁHaR%CrGEQSHEFBFcﬂa‘é%d
t he surfacesomaiir RlwavE&imddardygr tRe ape 2heahdi thel yefbatest €28 tde £imd
ot her another surface acoustic wave resonator R2.

On the other hand, on the side where the IDTs 25 and 26 are
disposed, reflectors 29 and 30 are located at sides of the IDTs 25
and 26, respectively, wherein those sides are opposite to the end
surface 22b in the propagation direction of surface acoustic waves.
That is, the IDT 25 and the reflector 29 define a surface acoustic
wave resonator R3, and the IDT 26 and the reflector 30 define a
surface acoustic wave resonator R4. In the surface acoustic wave
resonators R3 and R4, surface acoustic waves are reflected by the
end surface 22b and the reflector 20 or 30, and thus, the surface
acoustic waves are confined between the end surface 22b and the
reflector 29 or 30.

The surface acoustic wave resonator Rl and the surface
acoustic wave resonator R3 are electrically connected to each other
via an electrically conductive pattern of connection electrode 31a
disposed on the surface acoustic wave substrate 22. A bonding wire
32 is connected to the connection electrode 31la.

The surface acoustic wave resonator Rl and the surface

acoustic wave resonator R2 are electrically connected to each other



- 12 - via a connection electrode 3 1b. The surface acoustic wave
resonator R3 and the surface acoustic wave resonator R4 are electrically
connected to each other via a connection el ectrode 31c. Bonding wires 33
and 34 are connected to the connection el ectrodes 31b and 31c, :
respectively. Furthernore, the surface_ag%ustic wave resonator R2 and the
surface acoustic wave resonator R4 are cOfinected to each other via a
connection el ectrode 31d. A bonding wire 35 is connected to the connection

el ectrode Jig4 connec ﬂ?l'g ellegtl%gaes}’lrg AGH AEQYELLE a‘@o\{lestq.%v%gsen%]ét o?g:ltﬁf R4

| attice-type f| ter rme surface acoustic wave reso
bei ng connkEtaedithe rﬁ;lrfﬁcm (ﬁct'alstatcx iwaren atesmriatoxs Rihaare |eried13:1ccalcnyl t

di agram of 4 t s_C o] e bo mnres 2 35
Also in thlésfﬁlg? e€% réeiﬁ %o %@gﬁ'{] gqgl nc‘ggﬁgé‘%gg?ﬁr%go] 'R4q?

one refl ecﬂm’t—;‘s t¥%eandt 34 aaraeaonhet:hedswdvmmlman%l:ﬂmnsegectrode*sI3/1t|i adwced
conpar ed t each of resonatqrs conprises a

convent i o eﬂ éﬁe%vy\ﬁldﬁlh';)ea‘i“}or(ﬁ’ tj'ﬁ és&rgiasc_e_ ousyle ¥ ion,

di ci ng forrenmda!mmglz rend efiee aturfipcn dcomstrice waife e ohatiorc R4aGAESt i C
wave subst uir far roducin t he e su surfaces 22a
and 22b. 3@&&3&4‘% ?ﬁ?ga%‘gh%rb c CRREc h%%t?]aﬁcg:ré’éfecgﬁrgb d30g by
perfornm ngvittei 3% islgornneateed to thd:lﬂdli’iﬁd’dfircm dlhsemaeecztlldms anong the
surface acousti g,wave.re onatOﬁ% R1- R4 t forn1tg Iatt| pe filter are
realized by arrmsrfglf’h 1% c@a?F?“é VS eﬁ’éictee? i@&ﬂ@ﬁ

el ect r odesf flle8 ig mrmdtbbywﬁeaserﬁaedstdansﬁ\&wsué&tersﬂrﬁt&s RD-RA fber:.n

wor ds, the_el ectrl i 0 he re onat ors can be, e WIthOth
hoving 1o Grectad AnERE R 3 Tt ke REERORk [ Gl P ot & irihited,

and t he r elilagchmofi®ig onnbcmhmexy\nthemms kenpected €6l the bondigg wires
proceSS|n In the first and second preferred enbodi nents descri bed

above, g’?suﬁ'ace acoustic wave device is arranged to define a
Also in this preferred embodiment, since each of resonators

R1-R4 has only one reflector, the total area of the SAW device 21
is significantly reduced compared to a SAW device in which each of -
resonators comprises a conventional SAW element having a pair of
reflectors.

In addition, dicing for producing the reflecting end surfaces
of the surface acoustic wave substrate is required only for
producing the end surface surfaces 22a and 22b. That is, the surface
acoustic wave substrate 22 can be obtained by performing dicing only
twice.

Furthermore, the cohnections among the surface acoustic wave
resonators R1-R4 to form the lattice-type filter are realized by
arranging the electrically conductive pattern of connection
electrodes 3la-31d on the surface acoustic wave substrate 22. In
other words, the electric connections among the resonators can be
made without having to use a bonding wire. Thus, the number of
bonding wires is reduced, and the reduced number of bonding wires
can be connected by simple processing. '

In the first and second preferred embodiments described
above, the surface acoustic wave device is arranged to define a



- 13 -+ ladder-type filter or a lattice-type filter. However, the surface
acoustic wave device of the present invention is not limted to such
circuit forms. That is, in the surface acoustic wave device of the present
invention, a plurality of surface acoustic wave resonators nay be connected
In any manner so as to forma desired CIFSUIt. Figs. 5to 9 illustrate sone
exanpl es of SAWresonator filters 41, 42 43, 44, and 45 according to other
preferred enbodi nents of the present |nvent|on In Figs. 5to 9, IDTs are

denot ed by; & s de efere
nanmeral A GEEEAR BITREY of & Fa0AIBLERRY £ Erl TR SRY, LC TR

that Fi gs.adoust ic wave dénice off| e pn:esé&t nyvent ienl ilsi nets 1 inbditeld to such
required iQ; v, i al sont o filters corre ondln to.the SA
resonat or é]}f(fqg}érﬁ?f Zﬁ%\é\'{l%él 'S‘ %UBULHAFCFE 'ﬂﬁ‘l g 9‘*"&%%%%
r esonat or présms isentipng3a pfl.ttraar:id:y%f surfaced IacbhstSA\MaﬁemMators
filters 41% %’5 he refl.ectors 3:& to be rowg I n . the_.
convent i orfatY I? neches F‘&ﬁtycganﬂﬁreﬁ?da§ forn g desired gidoudte Fogs-
res]E)lect |h ves yto amcildmsurht? Bame ﬁicamglesrrosthsmeﬁésmér rmﬂfts?ﬁ 410Ta 246
IS us e en rf ace...Therefor t he W resonat oy, fi ters4-45
are signi Mi‘anﬂ] ‘?Hg AGGREE NG 19 i m%b\%i?ﬂ&?d{ tor
f ihl ter sf bypﬁémemd r% é&fwe‘mm lt:mq:mfyﬁ f s5the 9{ emrs are déﬁboﬂéd I

the preferred e a(f?‘ts 0 resent fi,on e use to r.e |ze
various typUeTd U hY Wetarencs pumenal

surface acsusdtcatesy arsd lemat&dwb¥0feﬁ@ﬁéﬁé@ ntﬁ:lé}f}a1a4f$|+ t !gelﬁtt)ﬁdﬁé‘& tthat f
acoustic ve ar erly connec referred enbo nts o
the i nvenVE1 alsé:p%%p 1395588%@89%89??8% B adey o‘f otted \HiResn v q{’% are
princi pl esrejeitesad &tﬁf@ﬁtﬁrﬁlcsm%oﬁi&%raﬁlbﬁéﬁﬁ QY riddspdnE nyCed & hef
the foll 0‘%@9 cl ai ns. TEerefore i s understood that the scope of the:

i nvention RESARERF [Eitezs @*ce’b? &3 nt¥ar Anded et PYH AT URNERESSALY s .
in the SAW resonator filters 41, 42, 43, 44, and 45.

In the SAW resonator filters 41 to 45, the reflectors 68 which
are to be provided in the conventional filters are replaced by end
surfaces of the substrate 49, respectively, and one of a pair of
outermost electrode fingers of IDTs 46 is flush with the end
surface. Therefore, the SAW resonator filters 41-45 are
significantly smaller than the conventional corresponding SAW
resonator filters by about one fourth to a half the area.

As described above, the preferred embodiments of the present
invention may be used to realize various types of surface acoustic
wave devices in which a plurality of surface acoustic wave elements
which operate using a SH-type surface acoustic wave are properly
connected.

While preferred embodiments of the invention have been
disclosed, 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.



- 14 - “*VhaL~Ls_gL§LH$gC;§: 1. A surface acoustic wave device
conpr|5|n a sur e acoustic wave substrate having a first end -
surface a E’I &m urf ace; a surface acoustic wave el enent
provi ded 0 gﬂﬂ#‘ﬂoustlc wave substrate and operating using a shear
hori zont al - type sdr f d&ce*acoustic wave, t surface acoustic wave el enent

I ncluding an interdigital transducer haV|n4 a plurality of electrode
fingers and a reflector having a plurality of electrode fingers, one of a

pai r of outeﬁﬂggtjglggg?%ga Ebngers being flush with one of the first and
second end surtaces o0 € surface acoustic wave substrate, the reflector
bei ng | ocated at &.sAdsuwfiace @heustheranetdevpaercompnmsengust el ectrode
fingers is positigngd. f coustic wave
excited by the ID% 'S %‘%’ﬁ%l ned %t%'t V\gé‘l’,lgt g&%ﬂect é‘ﬁg‘t’ ﬁg?% erbcfgpﬁ'gace
first and sendnéd segosdr éadesurface; . A surface acoustic wave deV|ce
according to clal h urfa acou
wave el ements each %HE%Hééngégﬁg?§§e§éGg %ﬁgthg ﬁégéﬁeﬁaQPngﬁﬁ 5FE QFFty
of el ectrodacbusgdcswawve aubsttatéoanﬂanpegaa1p§uuaﬁngyapéhehrchbedeontal-
ot et oo e bRt heRMhES R, PERROIEEBA ko R R LaRletihlat
substrat e, uhelndﬁhgcanr1htenglgmta1edrahsdueedehahﬁng hhplﬁtbeﬁtyfothe
pai r of out ectrode fingers i sitjoned so she
hori zont al - ??rgg%? agﬁn%%’éﬁsaﬂ‘g gigggf’f'ehaﬁﬁrngh% H]ﬁrqﬁ%ﬁg glgctrode
bet ween t he fiafeest, conansif tdﬁ@admeoﬁfoﬁhenﬁd:sstemwtﬁmmirﬁjétss befingeflush
3. A surface oust i ve, |ce accor aim2 erein the .
i ural iy o PR PF AR 185K Atk BECERT B ARxEaPes d nEs it farderauatic
circuit. wave substrate, the reflector being located at a side where the
other of the pair of outermost electrode fingers is positioned so
-that a shear horizontal-type surface acoustic wave excited by the
IDT is confined between the reflector and the one of the first and
second end surfaces. |

2. A surface acoustic wave device acéording to claim 1,
further comprising a plurality of surface acoustic wave elements
each including an interdigital transducer having a plurality of
electrode fingers and a reflector having a plurality of electrode
fingers, one of a pair of outermost electrode fingers being flush
with one of the first and second end surfaces of the surface acoustic
wave substrate, the reflector being located at a side where the
other of the pair of outermost electrode fingers is positioned so
that a shear horizontal-type surface acoustic wave excited by the
IDT is confined between the reflector and the one of the first and
second end surfaces.

3. A surface acoustic wave device according to claim 2,
wherein the plurality of the surface acoustic wave elements are
connected in a ladder circuit.



- 15 - 4. A surface acoustic wave device according to claim3,
wherein a first group of the plurality of the surface acoustic wave

el emantjlmmmnl,ﬁu,ﬂq | el resonators of the |ladder circuit and are
arrange he pair of the outernost electrode fingers is
flush with the'fifst®entl surface of the syrface acoustic wave substrate,

and a second group of the plurality of the surface acoustic wave el enents
constitute series resonators of the |adder circuit and are arranged so that

one of the pair @of EeuHRdRHoudae! Wade E:le?%ttesa'béo&uﬁ@ \St!bt %lta gecond
e S a

end surface of the surface acoustic wave substrate. . ur de
acoustic Y ACELERE GTRUR O£ Fhe piluralityrefhdhecsusfaseareust i alaviey

of connectdruneitas Ub‘h‘é%itﬂ‘t%VgﬂﬁﬂlPél thes o%lé[é%‘se oFCeHat if£d&\@i’ & £ ALY

wherein the first group and the second group the surtace acoustic wave

el enents A% &FANIHIY Whathanee@hiEhenpajirucdl ithe outesmost: ielgctrode
el ect rOdesjfinc{erS is Flugh %‘iﬁ:fhaﬁﬁ?afﬂ& bhd EYEe Ly 'oe gﬁ%%fsxdf&ge Ié\%o(ttlls%'ti. d2’

wherein the plurality of the surface acoustic wave are connec

in a lattiwavesubgtrate, and a gecandugraup of ¢he: ptuvalétyeof dthesumfdiceg
to clai m e & wadel & I List u e stic
wave el emerﬁs a_rle ara r z(iengjéé ggéieh&z}%&%tn%%&fs #ngggi Jr\.‘e%{m%ﬁgr%uc%%ﬁ%loesﬁ%%ﬁer
el ect r ode GinyEls angd prgsaryanged rgo fihadt opedofutheqaird afichsuchiermost

acoustic r Ng.:QkOWR _O pLural it f rface
acoustic %& e ener?éﬁaer%ng'rs?af}g%% g’cj)'g:?hg?leofrs\gggﬁdt gdpgh%)fg?‘et %’(%et%%
out er nost VWIEfAGH @EAUstjsr wave fsubsitraiteh t he second end surface of the
surface acoustic wave substrate. 8. A surface acoustic wave device
according to claim?7, further conprising a plurality of connecting

el ectrodes providded Zosurifaceuaftaueticowsvecdemicesabeordiing thectahmt Ag

first oroyA%flyr comprising a plurality of connecting electrodes provided
on the surface acoustic wave substrate, wherein the first group and
the second group of the surface acoustic wave elements are
electrically connected by the plurality of cénnecting electrodes.

6. A surface acoustic wave device according to claim 2,
wherein the plurality of the surface acoustic wave elements are
connected in a lattice circuit.

7. A surface acoustic wave device according to claim 6,
wherein a first group of the plurality of the surface acoustic wave
elements are arranged so that one of the pair of the outermost
electrode fingers is flush with the first end surface of the surface
acoustic wave substrate, and a second group of the plurality of the
surface acoustic wave elements are arranged so that one of the pair
of the outermost electrode fingers is flush with the second end

surface of the surface acoustic wave substrate.

8. A surface acoustic wave device according to claim 7,
further comprising a plurality of connecting electrodes provided
on the surface acoustic wave substrate, wherein the first group and



- 16 - 'me\Of t he surface acoustic wave el enents are

el ectri cagmm by the plurality of connecting el ectrodes.

9. A surf ﬂml ‘devi ce according to claim1, wherein the
awl h

*

reflector Is % dr | ector. 10. A surface acoustic wave
devi ce conpri si ng: a surface acoustif wave substrate having a first
end surface and a second end surface; at | east one surface acoustic

wave el enment provided on the surface acoustic wave substrate and operating

using a sheghehgei-aaat %lkohlspef?‘thfeagﬁrﬁ@@s&&&ug‘gligzw& & éi.ellngﬁéé QEE

surface acoustic wave_€lenent including an inte ital "transducer having a-
plurality ofleFt&ifaddyrcenpecteddwithe plurabity raff connectliag eyeatrodes.
plurality of electrode fingers. 11. A surface acoustic wave device
according to claim 10, wherein the at | east one surface acoustic wave

el ement is arrang®ed of snusfagefaceustiosvave deeicebaccordingctotdbaim 1,

first end ofpkbeihntREedidi apgdycer._ | I | the first end
surface of tRe sﬁrf%gé ggg?jgﬁ:lgkmggegsgggtig eygﬁ%&%églé&ond end of the
interdigital transducer is |ocated near the second end surface with the

single reflector in t econd end of the interdigital
transducer and t hgsée%o%‘gfgéggsggégggf%fafvﬁ% g%\(+%%ec%§+r&g Wave
substrate. a sirface acbast iscwase isubstmatie havdngca idistgend shafaee

10, wherein e 0 i f pst el ectrode fingers being flush with
one of the ?\lﬂras%11 %ﬁg°§§céﬁ§ gﬁgkgég?aces of the surface acoustic wave

substrate and theati bepast rari¢ etnfades dovusttdd save elémentepeoviidedt onrthé

L Do o PRMERCE RkoBLECLT G85e" WIAEE LS, SR8, AENEEER 1Sheh THERE:

bet ween t heherhgbntakftppeosunfidcehacoustid wiee, the at least one surface
acoustic wave element including an interdigital transducer having
a plurality of electrode fingers and only a single reflector having
a plurality of electrode fingers.

11. A surface acoustic wave device according to claim 10,
wherein the at least one surface acoustic wave element is arranged
on the surface acoustic wave substrate such that a first end of the
interdigital transducer is flush with the first end surface of the
surface acoustic wave substrate and a second end of the interdigital
transducer is located near the second end surface with the single
reflector being located between the second end of the interdigital
transducer and the second end surface of the surface acoustic wave
substrate.

12. A surface acoustic wave device according to claim 10,
wherein one of a pair of outermost electrode fingers being flush
with one of the first and second end surfaces of the surface acoustic
wave substrate and the single reflector is located at a side where
the other of the pair of outermost electrode fingers is positioned
so that a shear horizontal-type surface acoustic wave excited by
the IDT is confined between the single reflector and the one of the



- 17 second end surfaces. 13. A surface acoustic wave
devi ce a W &to claim10, further conprising a plurality of surface

acoustic ”ﬁm ch including an interdigital transducer having a
plurality Imngers and only a single reflector having a

plurality of el ‘ecf'rotle ¥ ngers. - 14._ A surface acoustic wave device
according to claim 13, wherein the plurality of the surface acoustic wave
el ements are connected in a |ladder circuit. ~15. A surface acoustic
wave devi cBiestccant repdand |lendnshdrfades ein a first group of the plurality
of the surface acoustic wave el enents constitute parallel resonators of the
| adder circuit and are arranged so that one of the pair of the outernost

el ectrode fingeris3i s i lsuzifaciet hcbhetﬁ.t:r&hvéndeﬁﬂééaéccﬁfdihé BOréP&Em 10,
acoustic V& substrate, .and agﬁ_eco p of the Iural [ty of the sur f ace

qd
acoustic vEVECRST RONRIISinG & ploralityso Ee?dﬁgﬁﬁﬁs Pushic| e relenents
and are aréamgeménxdi’r&j aneifeddigg Y tikfarié’tﬁ:éétt q{dm%%%ﬁf@ﬁ{y nger s

is flush WI h the.second end surface of .the surface acoustic wave

subst r at e 818Ctrode fgngers, and 0ndyoas BLBIFEVECHLOTERT RV 1y RIMEA LIS

15, furthesf celgdtsdde Einyessd) ity of connecting el ectrodes provided on the
surface acoustic wave substrate, wherein the first group and the second

group of the surface acoustic wave el enents are electrically connected by

the plurality ofig£onneguirface! aebusée: wave devidé. aécdrdingetacotsihcryave
device accaording to claim 13,
wherein the plurality of the surface acoustic wave elements are

connected in a ladder 01rcu1t.

15. A surface acoustic wave device according to claim 14,
wherein a first group of the plurality of the surface acoustic wave |
elements constitute parallel resonators of the ladder circuit and
are arranged so that one of the pair of the outermost electrode
fingers is flush with the first end surface of the surface acoustic
wave substrate, and a second group of the plurality of the surface
acoustic wave elements constitute series resonators of the ladder
circuit and are arranged so that one of the pair of the outermost
electrode fingers is flush with the second end surface of the
surface acoustic wave substrate.

16. A surface acoustic wave device according to claim 15,
further comprising a plurality of connecting electrodes provided
on the surface acoustic wave substrate, wherein the first group and
the second group of the surface acoustic wave elements are
electrically connected by the plurality of connecting electrodes.

17. A surface acoustic wave device according to claim 13,
wherein the plurality of the surface acoustic wave elements are
connected in a lattice circuit.



wher ei-f- : rality of the surface acoustic wave el enments are connected

ina laftice circuit. -18-

18. A i’” tm‘”auﬁﬂm ve device according to claim17, wherein a first
group ofy | 'mm;/? t he surface acoustic wave el enents are arranged
so that one of tfle bair of the outernost- algectrode fingers is flush with
the first end surface of the surface acoustic wave substrate, and a second
group of the plurality of the surface acoustic wave el enents are arranged

so that one of thk8paik safrfidve adowstist wavectevdeef acgerding €6 ushaim t1v,
t he second fa t he sur e acoustic ve substrate. . 19.
A surface a‘ggggéﬁé ﬁg@gge‘ﬁ%@ gé:gﬁaigaﬂduf ’c‘?ya\f,;%] ke sf“lfvf;’ﬁgr acoRBHLSivRY S
plurality oélementstang @ieahgedeso ptlgyt dotle obf tite P IBVGEE At HGu tteriidet
substrat e, erein,t first.grqup.and ithe second grou f the surface
acoustic vva%ge E’é?r@ﬁ W§Se+ggfﬁ1‘fsc!’aw1"§h§§’rﬁ1g&§ﬁ egvzl Fﬁﬁgﬁ'?ﬁr%ﬁ Fh¢ sirface
connecting ateustidemve substrat@, #hd & s866naWiip 6£Vehe plavald t§CePrdidd
to claim10 erein the single reflector is a grating reflector.

: surrace acoustic wave elements are arranged so that one of the pair

of the outermost electrode fingers is flush with the second end

surface of the surface acoustic wave substrate.

19. A surface acoustic wave device according to claim 17,
further comprising a plurality of éonnecting electrodes provided
on the surface acoustic wave substrate, wherein the first group and
the second group of the surface acoustic wave elements are
electrically connected by the plurality of connecting electrodes.

~ 20. A surface acoustic wave device according to claim 10,
wherein the single reflector is a grating reflector.



