- SURFACE WAVE RESONATOR BACKGROUND OF THE I NVENTION 1. Field of the
{Inv$nt|on The present invention relates to an end face eid Lon. type
surface wave resonator utilizing HS (horizontal shear E VIRRERE
such as BGS (Bl eust ei n- Gul yaev- Shi mi zu) waves and Lové Aavesigﬁsiﬁgg;e
particularly, to an end face reflection type surface EFE56 {in
a plurality of resonant units are for2ed into a single elenent. 2.
Description of the Related Art At a video internediate frequency stage of a
tel evi sion receiver or video tape recorder, signals nust be sufficiently
at t enuat gfe afidde sidital Sspleriay Gapnandf apdisi ghgnal frequeng¥ht channel
(39.75 WHz for NTSC type apparatuses in U S.) and at the audi o signal
fr equencyaé ast (Sh@ndjécdie cirimwiniasc desoetibed7 aboValz tWOT tFABE type
apparatuses in U S.) in order to prevent the problem & a beat from
n

occurri ngaPet veeH Uded steie ol privwidinr enllacgenamba 1 illustrates
the relationship between the attenuation and frequency characterlstlc of a

vi deo i npetaRdaeion§ &€ 0t opidda ga gnalwifirequencyr §apaoBubbeof attenuation
is maintained at the video signal frequency fap.and audi o signal frequency

fas of agqadbafenéhahReleandonteFor prdvalding al hasgdeambuntedfitain a | arge
anount of- attenuation at REPLACEMENT SHEET 2

attenuatlon at the audio signal frequency fas of the

adjacent channel. Each of such traps has been constituted
by an LC resonance circuit, a piezoelectfic resonator, etc.

Piezoelectric resonators utilizing HS type surface
waves such as BGS waves are attracting attentions as

' pieéoelectric.resonators éuitabie for such a purpose. Fig.
2 shows an ekample of surface wave resonators of the end
face refleétion type utilizing BGS waves.

An end face reflection type surface wave resonator 1 is
configured using a piezoelectric substréte 2 having-a
rectangular surface. The piezoelectric substrate 2 is made
of piezoeleétric materials such és lead titanate-lead
zirconate type piezoelectric ceramics and piezoelec;ric
single crystal materials including'ﬂiNbog'and LiTaO;. When a
piezoelectric ceramic is used, it is polarized in the
direction of the arrow P in Fig. 2. A pair of comb-like
electrodes 3 and 4 are formed on an upper surface 2a of thé
ﬁiezoeleciric substrate 2 to provide an interdigital
transducer (hereinafter simply referred to an IDT). The

comb-like electrodes 3 and 4 respectively have_a.plurality

A
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t he video signal frequency fap'and audi o signal frequency fas of the

-.adj acent channel as descri bed above, two traps have been used, one for

l"*fl

providing a | arge anobunt of attenuation at the video si : <ol
~of the adjacent channel and one for providing a | arge Hirg SEEERHABEBEEN ¢n
at the audio signal frequency fas of the adjacent: chan . E®R#EPLACEDUCh
traps has been constituted by an LC Besonance circuit, F
resonator, etc. Piezoelectric resonators utilizing HS type surface waves
such as BGS waves are attracting attentions as piezoel ectric resonators
sui t abl eff @lectrdde Pimgess.3& i througihdes and expipralidtysafface wave
resonators of the end face reflection type utilizing BGS waves. An end face
ref | ect ebactypdesfifgers wha cthresughatdsr. 1 i s configured using a
- piezoelectric substrate 2 having a rectangul ar surface. The plezoelectrlc
substrate 2 Ars ARd®Idfage dsoappltiedc fremethel combehike eébectrodenat e- | ead
zirconate type piezoelectric ceram cs and piezoelectric single crystal
mat er i aBsahdcd ueh rexd e |BGE) v Jin WheneadpfezeereﬁlﬁctleérEﬂpe i's used,
it is polarized in the direction of the arrow P in Fig. 2. A pair of
conb- | | kAreheet wadesrésomattdr o £ the BSS waves ppppagatihgcanz2thef the -
pi ezoel ectric substrate 2 to prOV|de an interdigital transducer
(herei nafirectionpds théearrowt® im Filh) 2 .Th&¥heoBBS| waves| a:erodes 3 and 4
respectively have a plurality 3

reflected between end faces 2b and 2c of the piezoelectric

substrate 2.

An effective.resonance characteristic is obtained in
the end face reflection type surface wave'iesonator 1 by
matching the frequency detenmined by the IDT and the
frequency determined by the distance between the end faces.

However, an end face reflection type surface wave
resonator as described ebove.has only one resonance
characteristic like LC nesonance circuits end piezoelectric
resonators of other types. Therefore, in order to achieve
desired trapping characteristics at the two frequenc1es,

of an adjacent chaxnel
~i.e., the video signal frequency fapVand audio signal
frequency fas of an adjacent channel, it has been necessary
to prepare and connec£ two surface wave resonators.

Surface acoustic wave resonators utilizing Rayleigh
waves have been .proposed wherein-two'resonance
characteristics have been obtained from a single resonator
efef—examp}e7—Eeéef—ﬁe—;n%efaa%ienal-Elee%;%uuk;dnechnelogy-

7 s 7 7 Specifically, among

‘%({or example , refer to * KokuSai-Gihou", that meang Inrernational Electric
Tec‘uo/agr Eul/ehn P“U'JAGG( Ih ddlﬂﬂh, No./‘l PP /- 7’ /?72)
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of electrode fingers 3a through 3c and a plurality of electrode fingers 4a
through 4c. An AC voltage is applied fromthe conmb-like electrodes 3 and 4
“to excite BGS waves in the end face reflection type surfecewavetescrato
1, the BGS waves propagating in the direction of the ar|f GWIXSHEEFHAS BEENTHe
BGS waves are reflected between end facés 2b and 2c of |fhe mﬂﬁﬂhﬂﬁﬁ&rlc
substrate 2. An effective resonance clRaracteristic is O
face reflection type surface wave resonator 1 by matching the frequency
determ ned by the IDT and the frequency determ ned by the di stance between
t he end kacfaceHvare crescuator filktrers: futddtiizimg Rayledghawavesye resonat or
as descri bed above has only one resonance characteristic |ike LC resonance
" circui t sdaall pode acesonators asoiibGizing af Ostiimensipsal Yongitwdinaln order
to achieve desired trapping characteristics at the two frequencies, i.e.,
t he vi demodeg(basicanpdeyarnidm @-dimensdiomainiongitndlinaldmededi argi gnal .
frequency fas of an adjacent channel, it has been necessary to prepare and
connect wehblsknbwme V\Hweucﬂscdlm]ormd@mesamt@teustm oEvBOorestbii &r s
utilizing Rayl ei gh waves have been proposed wherein two resonance
charact’ eandt refléaverd crave beemabdessarny tiongbtaiastwat nes¢hancexanpl e,
refer to "Kokusai-G hou", that neans International Electric Technol ogy
BuIIetlncpabactéeﬁstmcsapaFurﬁker;uthEpuesbnancegQh;raemermStcasI 9f anong

such dual mode resonators are determined by the relation
between the reflection'coefficient and frequency of the
reflectors. Since the freguency rahge wherein the
reflection céefficient is large is natrow, the difference
between the.two résonance points is as very small as
approximately 1 MHz for the range wherein preferable
resonance éharacteristics_are obtained. - Therefére, it has
not been possible to configure a trap filter having the
characteristics as shown in Fig. 1 using only such dual mode
resdnators. |

One approach to obtain two resonance characteristics in
an end fa&e reflection type surféce wave resonator as
described above may be to form two IDT's on a piézoelectric
substrate to configure two resonant unitg.. However, in an
end face reflection type surface wave resonator utilizing HS
type surface waves such as BGS wa&es, the wavelength A of
the IDT's and the distance L between the two opposite end
faces on which the surface waves in the piezoelectric

substrate are reflected are in a relationship as .
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2-di mensi onal |ongitudinal node are well known. I'n s Cﬂﬂ%%ﬂEéFw BEE '
.resonators, two or nore I1DT's and refl ectors have bedn necggsgﬁgfgp oﬁtain

4 surface wave resonator filters utilizing Raylei gh waves, dual node
resonators utilizing a O-di nensional |ongitudinal node_ (basi

two resonance characteristics. Further, the resonanc
such dual node resonators are determ$ed by the rel ati on between the .
reflection coefficient and frequency of the reflectors. Since thomﬁd@ﬁb@ncy
range -wherein the reflection coefficient is large is narrow, tfie difference
bet ween ¢ lyeorh¥0s s £E0P 0 i dtied iih FigueBywharelinak appAosZ)&@ Ay 1 Miz
for the range wherei'n preferable resonance characteristics are obtained.

Thereforg‘ id dinSint@igrigehuadesi)hl e to configure a trap filter having the
characteristics as shown in Fig. 1 using only such dual nbde -resonators..

One appr oach pcaRfidigl yi, Ve he@e0Ranaedehsepeheei shithe ivaue afl thee
reflection type surfacé wave resonator as descri bed above may be to form

two | DT' §i S¥haricdits ZthvRidd ithes ¢hd! bppositecendi faces thetwesmwnze units.
However, 1n an end face reflection type surface wave resonator utilizing ES

type surfassnd¥Y Gt Ghhote BeBotane pobiatwaschenghé widdo tdigndll s and the

di stance -L between the two opposite end faces on which the surface waves in
the piezpriQedricy PV e adjaceat! enhafedr andnthe reésonams himpitas

whose resonance point is at the audio signal frequency fas
of.the adjacent chanhel. Therefdre, it hés been considered
that it is very difficult to éonfigure a surface wave
resonator utilizing HS type surface waves by forming two
resonant units 6f different resonance frequencies on the
same substrate.

It is-an object of the present invention to provide an

re:%cﬁm, _

end face'Ytype surface wave resonator utilizing HS type
surface waves wherein at least two resonant units of

different resonance frequencies are formed into a single

element.
SUMMARY OF THE INVENTION

According to a first aspect of the present invention,
there is provided an end face reflection type surface wave
' : horizontal
resonator whereinVshear wave type surface waves are
reflected by two opposite end faces of a piezoelectric

substrate, comprising a piezoelectric substrate having the

AL
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5 schematically illustrated in Fig. 3 wherein L (A2)nultiplied N (Nis
an integral nunber). Accordingly, there is a difference in the vaI ue of t he
‘di stance L between the two opposite end faces between
- whose resonance point is at the video signal frequenc THIp Stb‘fEEéfﬂ'fﬁ&&iﬁEEM
channel and the resonant unit whose resonance point i§ at tREPLAGED sig
frequency fas of the adjacent channel® Therefore, it HasS Deem consrdere
that it is very difficult to configure a surface wave resonator utilizing
HS type surface vaves by form ng two resonant units of different resonance
f r equencpbezest ing itwoaoppbpdte endifrces aartht i nvention -
to provide an end face reflection type surface wave resonator utilizing HS
type -sufipse awd cecdmnt DT '& formed onothespiezeelestriof different
resonance frequencies are forned into a single element. SUWARY OF THE

| NVENTI dupgerdate ng & First resomamécundt ibeconstitutedvbwntthe, there is
provi ded an end face reflection type surface wave resonator wherein

hor i zont pbreimarwherein e firstcdDTaies formedef andtads@gondo opposite end
faces of a piezoelectric substrate, conprising a piezoelectric substrate
havi ng resfSMANCRIENT isHcbhskituted by the portion wherein the

am- AL A M~ MR a = 2 late

second IDT is formed with a resoﬁance frequency f, different
froin the resonance frequency f; of the first resonant unit.
A distance L is made equal or close to ('A. 1/2) X N; (N;is an
integral number) and N, (N; is an integral _number) is chosen
to make (AZ/Z) X N close to the distance L where L
represents the distance between the two opposite end faces;
A, represents the wavelerigth of a surface wave excited by
the first resonant unit; and A, represents the wavelength of
a surface wave excited by the second resonant unit.

Specifically, the end face reflection type surfaee wave
resonator according to the first aspect of the present
invention includes first and second i:'esonan_t units having
different resonance. frequencies provided by forming first
and second IDT'sS on a piezoelectric substrate having two end
faces oppo_site to each other. Each of the resonant units
excites HS type surface weves like the end face reflection
type surface wave resonator 1 utilizing BGS waves as
described above and the HS type surface waves are reflected
by the two opposite end faces of the piezoelectric

‘substrate.
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two opposite end faces and first and second IDT"s fornmed on the
*piezoelectric substrate. A first resonant unit is constituted by the
“portion wherein the first IDT is forned, and a second re
THIBISHEER Hag 5 'E‘ﬁm
e

—+
N

constituted by the portion wherein the second IDT is for
resonance frequency f2 different fromthe resonance freqliency REFLACED
first resonant unit. A distance L is ®ade equal or close
[err] (N err] is an |ntegral nunber) and N err] (Nerr] is an integral

nunber) is chosen to nmake ([err]/2) X [err] close to the distance L where L

represents tlip dddition ket BeSnwalkés! Wwbheppermt tHS neypecan: fate epr esent s
t he wavel ength of a surface wave excited by the first resonant unit; and

[err] repivsentinplics @etiera])! Burifazeswalreseinaledingileve wavde second
resonant unit. Specifically, the end face reflection type surface wave

I esonat ofh 6§ Haflre) @onfpdrithts oft displatembntheénpthe adiredstisd i on i ncl udes
first and second resonant units having different. resonance frequencies

provi dedpéppémdiGular ite tthandirectidn Di' whaohathe eswnef swé rwavemibst r at e
having two end faces opposite to each other. Each of the resonant units

“exci tes pfpgagaeesur face waves like the end face reflection type surface
wave rescnator 1 utilizing BGS waves as descri bed above and t'he HS type

surface wavenceoeditlg eot eﬁebntbe aspecbposi tie eitivémcion pfid fen
pi ezoel ectri c substrate.
end face_reflectlon type surface wave resonator having the
above-described first and second resonant units, the
distance 1L between the two opposite end faces and the
wavelengths A,; and A, of surface waves e:icited respectively
by the first and second resonant units are chosen to satisfy
the relationships as described above. Specifically, the |
distance L‘is made equal or close to (A;/2) X N, and the
value of N, is chosen to make (A2/2) X N; closer to the
" distance L. In a surface wave resonator according to the
preéent invention, the first resonant unit provides a
desired resonance characteristic because the distance L is
" decided as describéd above. On the other hand, the valué N,
for the second resonant unit is decided after the resonance.
characteristic of the first reSonant-unit is established in
the range as described-abovc._
Although the distance L is made equal or close to
(A1/2) X N;, it is preferably in the range of (A 1/2) x_Nz.i
(A1/20). It is known ﬁhat an end face reflection type

surface wave resonator provides an acceptable resonance
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In addition to BGS waves, the term"ES type surface waves" inplies general
surface waves including Love waves whi ch have conponents of. displacenent in
“ the direction perpendicular to the direction in which t. v ES
propagate. According to the first aspect of the inventifnH$ SHERT &S BERN
refl ection type surface wave resonator having the abovel descrPHUMGED st and
second resonant units, the distance L8between the two opposite end Taces
and the wavel engths [err] and [err] of surface waves excited respectively
by the first and second resonant units are chosen to satisfy the

rel at i Onsid ECEsT eisie iwherethes erspac ofi thel g¢istance|Libgkween khemde

equal or close to [err] X Nerr] and the value of [err] is chosen to nake
[err] X tNerogpestserend fdvesliis dnc&he. range ofir fFack148%e resonat or
according to the present invention, the first resonant unit provides a

desi r ed Tsratore, cths admye sldfinedc abovet ke leguahcer LC1@s@ek? ded as
descri bed above. On the other hand, the value N2 for the second resonant
unit ‘i s deki,ded)aktN{" } hie.e s dhened lowablet sangei §osf thaedistarceekonant
unit is established in the range as described above. Although the distance
L i s madeo ashedimra desiadd riesonpnciet charpcterisbig fromhehe sfiestf [err] X
[err] + (Alerr]/20). It is known that an end face reflection type surface
wave respagdmant ot sisithes aamgsblof (deptinde N2 IRFOAACRAINES SHEET

described above.

On the other hand, it is not necessary that the
distance L equalé (A2/2) x N2 fbr.the second resonant unit.
It is commonly considered that, in an end face reflection
tfpe surface wave resonatbr, the distance Ehﬂgsf gsmgg?al to
(the wavelength of a surface wave excited Xx1/2 ¥ an
integral nﬁmber). The reason is that a deviation of the
distance L from such a value results in a ripple in the
region of lower frequencies. In some applications, however,
such a ripple at some low frequency does not create any
problem. For example, a ripple in the region of frequéncies
lower than the resonance point of the second resonant unit
méy not be a problem when the resonance frequency £, of the
first resonant unit is higher than the resonance fregquency
ia.of the second resonant unit. 1In such a case, a deviation
of the distance L from the optimum value will not be a

~ serious problem for the second resonant unit. Therefére,

: although N, for the second resonant unit is chosen to make

(A2/2) X N3 closer to the distance L, it is not essential
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8 characteristic where the error of the distance L between the two opposite
end faces is in the range of [err]. Therefore, the range defined above as
¢ "equal or close to "([err]/20) X Nerr]", i.e., the allowable range for e

~distance L to obtain a desired resonance characteristid . ET&kﬁgéEEN
L -.-O!’ =

resonant unit, is the range of [err] a5 described aboyv THIR S
hand, it is not necessary that the digtance L equals [e X !
second resonant unit. It is comonly considered that, in an end face
reflection type surface wave resonator, the distance L nust be equal to
(the vavalpndine distatidd acequals ¢Aci/0d X W,Li pFyrdndr uthe pl y an-

I ntegral nunber). The reason Is that a deviation of the distance L from

such a \@igands Ul infay bed outPpifethe i:hﬁ?éedkpﬁeﬁéedamr frequencies. In
sone applications, however, such a ripple at sone | ow frequency does not

create any,ppybkeny *or yexarml.e, a ripple in the region of frequencies
| ower than'the resonance point of the second resonant unit may not be a

proobl em whenat Beapeegpaise £oedaevided [Ditdrmédidwe ffrejuemsordganit is
hi gher than the resonance frequency f[err] of the second resonant unit. In

such a (GFq RIGMIAIGPFeived drshati@eb £ap8) idCorddr may \ad ue will not

be a serious problemfor the second resonant unit. Therefore,  although

[err] fitdie &SGR exaaplead Hpplibatibasewhédeinkio [probdlem geer to the
distance L, it is not essential

caused by a ripple in the region of freqﬁencies lower than

the resonance frequency f, of the second resonant unit which
is lower than the resonance frequency f; of the first
resonant unit as described above. In other words, when the
first reeoﬁance ffequency f; is the audio signal frequency
fas of an adjacent channel and the second.resonance
frequency fz is the video signal frequency fap of the
adjacent chaﬁnel, there is no problem even if a ripple
occurs as described above in the region of frequencies lower
than the adjacent chahnel video signal frequency.

Accordingly, an end face reflectien'type surface wave
resonator according to the present invention is preferably
used as a resonator serving as a trap circuit in a video

- intermediate frequency stage as described above.

The first and second resonant ﬁnits may be separated
from eaeh other by at least one groove formed on the
piezoelectric substrate. In this case, one of the two end

faces of each of the first and second resonant units is

constituted by an inner wall of the groove.

%
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9 that the distance L equals (A 2/2) X N2. Further, the distance L may be
out of the range expressed by [err]. Atrap circuit for a video
“internedi ate frequency stage of a television receiver or '
recorder may be cited as an exanple of applications where WH
caused by a ripple in the region of frequencies |ower th
frequency [err] of the second resonamtOunit which is | owd
resonance frequency [err] of the first resonant unit as describe
ot her words, when the first resonance frequency [err] is the audio S|gnal
frequency fasacdordingljtis anisedondhaspact bifethecprdsentoinvertionguency f2
Is the video signal frequency fap of the adjacent channel, there is no

pr obl em ehepei is aprovided carw wemi Facde yaefileet ionotypensuifacegwave of
frequencies | ower than the adjacent channel video signal frequency. .
Accor di ngb¥onatognatibieing S ciyms sunifaceunwaves comprisingaaor according
to the present invention is preferably used as a resonator serving as a
trap cirpliezoeleetridesubstreatethaving ragleast sneggraesveeforméddonbove.
"The first and 'second resonant units may be separated from each other by at
| east ongtoleast one g fucé Rchgrterelfdaist angubetoadeIDTnstwhichase, one
of the two end faces of each of the first and second resonant units is
constituaed byrmedi owethegiezteldotmico@abstrate with the at least

one groove interposed therebetween-and which serve as first
and second resonant units, respectively, an inner wall of
the groove serving as aﬁ least one of the two opposite éndl
faces for reflecting surface waves of each of the first and
second resonant units.

.Specifically, in a surface resonator according to the
second aspéct of the invention, at ieast one groove is
formed on at least one surface of the piezoelectric
substrate, and the first and second resonant units are
configured, separated by the at least one groove. In this
case, at least one of the two opposite end faces for
reflecting surface waves 6f each of the first and second
resonant units is constituted by ah inner wall of the
groove.

Since the first and second resonant units are configured
using a single piezoelectric substrate, this sedond aspect
of the invention makes it possible to'provide an end face
reflection type surface wave fesonator having a plurality of

resonance characteristics using a single element.like in the
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10 According to a second aspect of the present invention, there is provi ded
an end face reflection type surface wave resonator utilizing HS type

""s_ur-face waves conprising a piezoelectric substrate havi at | east one
groove forned on at |east one surface thereof, first anf ags nTgh
are formed on the piezoelectric substrate with the at ljpast gg E.E'Cé\éc &%é’g'\'

i nt er posed t herebet ween and which serMe as first and sdeesg—tas unit §,

respectively, an innner wall of the groove serving as at |east one of the
two opposite end faces -for reflecting surface waves of each of the first
and secofifrsesaspect uof tthe Sinwerntioend y Thus ,a ther £irstrandnaeePndccor di ng
to the second aspect of the invention, at |east one groove is forned on at
| east onaspectacef cthe hinyenticn axne isimilissn A §,ha§ngh9lfebPFFS?°%Mﬂ second
resonant units are configured, separated by the at |east one groove. In
t hi s caseheaprobbem meret xbnedaaliowe.opposite end faces for reflecting
surface waves of each of the first and second resonant units is, constituted
by an inner Vi lthef aonteptoofethe surfage wavet resanatesACFREQHBEt units
are configured using a single piezoelectric substrate, this second aspect
of the i toetheosecohdsaspeqossf Hhe tinvendbiiode ZhectermalHSr E¥YP€cti on type
surface wave resonator having a plurality of resonance characteristics
usi ng a sunfiaces| vaves" |again rimpilkies general surface waves

Suck qs§ an
dnctuding BGS wavesYLove waves which have components of
displacement in the direction pefpendicular to the direction
'in which the surface waves propagate.

In a surface wave resonator according to the first
aspect of the present invéntion, the first and second
resonant units of the end facé reflection type utilizing HS

~ type sprféce waves are provided using_a piezoelectric
substrate havihg two end faces opposite to each other. This
makes it possible to provide an end face reflection type
surface wave resonator having a plurality of resonance
characteristics.using a single element.

According to the first aspect of the invention, since
the distance L as explained above is chosen to be equal or
close to (A;/2) X N;, the first resonant unit exhibits a
desired resonance characteristic. On the other hand, Nz'for
the second resonant unit is chosen so that (A,/2) X N; is
close to the distance L. As a result; when (A2/2) X N, is

not equal to the distance I or when the distance L is out of

the range of (A2/2) X N, £ (A,/20), a ripple occurs in the
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11 first aspect of the invention. Thus, the first and second aspects of the
_invention are simlar in that they both solve the problem nmenti oned above.
“In the context of the surface wave resonator according tff InNe Secort—a

of the invention, the term"HS type surfaces waves" agai
surface waves such as BGS waves and Love - waves which

surface waves propagate. In a surface wave resonator according to the first
aspect ‘of the present invention, -the first and second resonant units of the

end facedgioncof eregupactibs! lowag tiah Vilte Sadome repommnmes provi ded using
a piezoel ectric substrate having two end faces opposite to each other. This

makes i tfreRpEndye £L0 MHEWevST Arevisn vikite sudil ecrippleype trapace wave
resonator having a plurality of resonance characteristics using a single

el enent .c 4RI hasing ahplhrasitgseectraps tdwn ity grovided iusdmdg ke di st ance
L as expl ained above Is chosen to be equal or close to [err] X [err], the

first reamFate wave eeBobatdraadesrdsfigr €6 olse chirdtarasgerrt iff ¢heOn t he
ot her hand, [err] for the second resonant unit is chosen so that [err] X

[err] i SrRledtEom0 fb&eaﬁPiEi.éaiiohs WhefleifiShb lprobbun [#¥ daused®y aqual to
t he distance L or when the distance L is out of the range of [err], a
rippl e ggpple iih the region of frequencies lower than the resonance

frequency f, of the second resonant unit.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates the relationship between the
attenuation and frequency characteristic of a video
intermediéfe frequency stage of a television receiver.

Fig. 2 is a perspéctive view illustrating a
conveﬂtional surface wave resonator utilizing BGS waves.

Fig. 3 is a sectional view of an end facec%gggagurface
wave resonator. |

Fig. 4 iilustra;es the relationship between the
impedance and.frequency characteristic of an end face-
reflection tjpe surface wave resonator with the distance.

4we opposite .
between the'end faces off the optimum value.

Fig. 5 illustrates the relationship between the
impedance and frequency characteristic of an end face
reflection type surface wave resonator with the distance

+wo aH»SiTe -
between the»énd faces in a preferable range.
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12 region of frequencies |lower than the second resonance frequency [err].
However, even with such a ripple, a trap circuit having a plurality of
traps can be provided using a surface wave resonator acc{fFeiag-tQq the flrst
aspect of the invention for applications wherein no prob éﬁstHg@y
ripple in the region of frequencies |ower than the resonance Ry
[err] of the second resonant unit. BRI3EF DESCRI PTI ON CF RAW
illustrates the relationship between the attenuation and frequency
characteristic of a video intermedi ate frequency stage of a tel evision
recei ver. Fiig2 i6sis pepipacview ildustratingaanngnd faeeentional surface
wave resonator utilizing BGS waves. Fig. 3 is a sectional view of an end
face refteflecridy peypa surfaceswaves sesanatorrageondinguse ratfirsthe

rel ati onshi p between the inpedance and frequency characteristic of an end
face refémsddimenty oef tire preseateinwentaont wi th the di stance between the

two opposite end faces off the optinmumvalue. Fig. 5 illustrates the

relationshi pigt.w?eillnstragedathe nellatienshipybetweentttheé stic of an end

face reflection type surface wave resonator with the di stance between the

t Wwo oppoighed e fa:n:dasf.nequnmyebhaa'hlccerasgé.c of 43sécdond Greésomamt an vi ew
Il lustrating an end face
unit of the surface wave resonator shown in Fig. 6.
Fig. 8 illustrates the relationship betﬁeen the
impedance and frequency characteristics of a first resonant
unit of the sﬁrface_wave resonator shown in Fig. 6.
Fig. 9 is a perspective view of an end face reflection
type surface wave resdnator according to a second embodiment
of the present invention. |
Fig. 10 is a perspective view illustrating a

modification of the surface wave resonator of the embodiment

shown in Fig. 9.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The present invention will now be cla:ified by the
following description which will proceed with reference to
the accompanying drawings.

Fig. 4 and Fig. 5 illustrate the relationship between
the impedance and frequency characteristic of the end face
feflection typé surface wave resonator shown in Fig. 2.

Fig. 4 shows a characteristic exhibited when the distance L
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reflection type surface wave resonator according to a first enbodi nent of
the present invention. Fig. 7 illustrates the relationship between the

- i npedance and frequency characteristic of a second res ' ,
surface wave resonator shown in Fig. 6. Fig. 8 illustrdt &6 siecErHASIgRRRN]|P
bet ween the inpedance and frequency characteristics of jja fir&ErPLaGEDaNt
unit of the surface wave resonator skwn in Fig. 6. Fig: e
view of an end face reflection type surface wave resonator according to a
second enbodi nent of the present invention. Fig. 10.is a perspective view

i || ust r peitwgen thei tmaopposﬁtetendstm!mei&va(vg /A83oanesEesf thdR enbodi nent
. shown in Fig. 9. DETAI LED DESCRI PTI ON OF PREFERRED EMBCDI_MENTS The present

i nvent i ¢hewoplimum waluea( Af/2)X Do\ afe thel distagceeber APLi BA9nhPch wil |
proceed with reference to the acconpanying drawings. Fig. 4 and Fig. 5

i | | ust r ghowsha chhzaceeshspibeexkibitéd wher d:he digtanaedybgtyeen
characteristic of the end face reflection type surface wave resonator shown
in Fig. the Ewg. oppebite endhfiaceseis s¢ Ad2)hioreasernsban: kBedi st ance L

14 between the two opposite end faces is (A/ 10) greater than the optinmm
val ue [ optiimuin vagud ¢Ra/Zp X N afl theydistemoasLa characteristic exhibited
when t he di stance L between. :

As apparent from Fig. 4, when the disi:ance L deviates

from the optimum value by (A /10), i.e.,_when the distance L
between the two opposite end faces is not sufficiently
accurate, such a deviation causes a ripple in the'area of
frequencies lower than the resonance éoint’fr; as indicated
by the arrow A.

On the other hand, as apparent from Fig. 5, when the
distance L between the two opposite end faces deviates from
the optimum value by (A/20), no ripple occurs in the area
of frequencies lower than the resonance point fr. Now, it
will be understood that the distance L between the two
opposite end faces of the end face reflection type surface
wave resonator shown in Fig. 2 must be in the range of
(A/2) X N £ (A/20).

Assume that resonators are configured in a video
intermediate frequency stage of a television recgiver and
that one of the resonators resonates with the video signal
frequency fap (31.9 MHz) of an adjacent channeljand the
other resonates with the audio signal fréquency fas (40.4

MHz) of the adjacent channel.
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the two opposite end faces is (A /20) greater than the optimum value [err]
X N of the distance L. As apparent fromFig. 4, when the distance L
“deviates fromthe opti mumvalue by [err], i.e., when th
the two opposite end faces is not suff|C|entIy accurate,
causes a ripple in the area of frequencies |ower than t
fr, as indicated by the arrow A. On tI%e ot her hand, as
5, when the distance L between the two opposite end faces deV|ates fron1the
opti numvalue by [err], no ripple occurs in the area of frequencies |ower
t han t he resdfarche mabnhatpr Kespnatingl atb3lusdMEzt e dcanfdguted di st ance L
bet ween the two opposite end faces of the end face reflection type surface
wave resuesingra substrate-ithranghushich sountetravgdsocit [®rvdlodstsyne t hat
resonators are configured in a video internedi ate frequency stage of a
tel evi siof 2400 inisecnd theresonatiort provddesaaowaverengthest vi3i2 t he vi deo
signal frequency fap (31.9 MHz) of an adjacent channel and the other
resonat egmi t FThehresodatosi forl the candin ysigma) Mregqudity ddast {40adj acent
channel . 15 If the resonator resonating at 31.9 MHz is configured using
a subst rMiz) toff cuhgh adjacdentochannedvetillapravidéoaiwavaelengtl) X1 ofc., the
resonat or provides a wavel ength of 75.2
59.4 um if a substrate is used through which sound travels

THENSAELE M THRR
res mmmmo' nt

at a velocity of 2400 m/sec. |
Therefore, when the above-described two resonators are

formed on the single. piezoel_ectric substrate, the distances
L between the two opposite end faces of those resonators
must be made as close to each othe.f as poséible taking the
difference between the wavelengths of those resonators in to
account. -:.[n the above-described example, the resonator for
the video signal f(:iﬁenq,uency fap of the adjacent channel will
have a distance Lap of 300.8 um if four pairs of electrode
fingers are provided, and the resonator for the audio siéna'l
fr(esquency fas of the adjacent channel will have a distance
Lasq:)\f 297 um if five pairs of electrode fingers are
provided. The difference between the lengths Lap and Las
is 3.8 um which value is about one-sixteenth of the |
-waﬁelength 59.4 um. |

| Thus, in the above-described configuration wheréin a
sufficient resonant characteristic is pursued for each

resonator by simply adjusting the numbers of the electrode

pairs of those resonators, one of the resonators .can not
. -
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[err]m The resonator for the audio signal frequency fas (40.4 MHz) of the
~adj acent channel will provide a wavel ength A of 59.4 [err]mif a substrate
*is used through which sound travels at a velocity of 2400 nmisec. Therefore,

when t he above-described two resonators are formed on thefs '8|§I$ .
pi ezoel ectric substrate, the di-stances L between the two pjﬁ i*q’%%?ﬂégtgééﬁ
ssi| ’

of those resonators nust be made as difbse to each other a Lng

5

the difference between the wavel engths of those resonators in to account.
In the above-described exanpl e, the resonator for-the video signal :
f r equencgatigfyfthe cequptiomtl chdrhéR)wWKI N Hakd 42Q) st Fe@ddiFiongn) of
300.8 [err]mif four pairs of electrode fingers are_ provided, and the
r esonat owhenrthe umbers 0 eleqtrade Rains, arer ophshgdprdert CEnhP®l wil |
have a distance Las (sign) of 297 [err]mif five pairs of el ectrode fingers
are provhdasl degerihed ahove, Ienlyceakhexcitgtion of swrface vaves s [err]m
whi ch value is about one-sixteenth of the wavelength 59.4 [err]m Thus, in
t he aboveilibske iaghiexed andithen villaes pfacaparitanrae avdonant
characteristic is pursued for each resonator by si ngly agégsti ng the
nurmber s bnpe@ance cavailrbleiwillomathdeets then @he resonators
can not ~ 16 satisfy the equation L = S_[err]/Z).X'N [err] ([err]/20). In
- addi t i onpurpese: hdChimimakesfite iapossdbleatesdesignresenaters Wit or 5 as
descri bed above, only weak excitation of surface waves
flexibility to provide the gapacit_ance and impedance
optimized for the purpbse.
In the frequency characteristic of a video intermediate
r _
frequency stage as shown in Fig. 1, there is no Xipple in <
bei:weer_l the color signal freqﬁency f. and the video signal
frequency f, (i.e., between 34.47 MHz and 38.9 MHz),
although such a ripple occurs in the position indicated by
the arrow A in Fig. 4. This suggests that the ripple
indicated by the arrow A in Fig. 4 does not create a problem
for a video intermediate frequency stage of a television
receiver.
It will be understood that an end face reflection type
surface wave resonance unit can be used as a trap for the
video signal frequency of an adjacent channel even if the
distance L between the two opposite end faces thereof is out
of the range of the optimum value * A /20.-
From such a point of view, the inventor has found that
the optimum resonators can be configured for the trap

circuit as described above to be used for, for example, a
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wi |l be achieved, and the val ues of capacitance and inpedance avail abl e

w Il not neet the above described purpose. This nakes it inpossible to
“design resonators with flexibility to provide the capacitance and i npedance
optim zed for the purpose. In the frequency characteri ste=eit—at-deo

i nternedi ate frequency stage as shown in Fig. 1, there || SHHSHEPPHRSIBEEN
bet ween the color signal frequency [&7r] and the video |pi gnalRERLAGEBNCY
[err] (i.e., between 34.47 MHz and 38.9 Miz), although Such—a-+t S
in the position indicated by the arrow Ain Fig. 4. This suggests that the
ripple ivideatintdmmediate frequency-by. selecsingotherpamkes By M em for a
video intermedi ate frequency stage of a television receiver. |t will be

. under st othie tpairsok el dctrode fiingersn foypa SLFPHCELFANANE ARHance unit ban
be used as a trap for the video signal frequency of an adjacent channel
even i f siehdilsatancse Idisttansn It betweenoppestwe eppositeserdcfae®ss out of
the range of the optinmumvalue [err] [err]/20. Fromsuch a point of view

t he i nvetheredfisrdsulks timithehdesjreduresonangecrhatagteeisbifidRfed for
the trap circuit as described above to be used for, for exanple, a 17

vi deo i nbpreelicting rchp qumbery Meebfcthegpatxs mikiadeqtrode FIng@rSairs of
el ectrode fingers for a first resonant unit such that the distance L

bet ween ofica tsecambosisanant unidesuch that the distances L between

the two oppos;te end faces of those resonators_becomes as
close to each other as possible regardless of the optimum
value and allowable range for the distance.

A description'will'now be made with reference to Figs.
6 though 8 on the coﬁfigu:ation and operation of an end face
reflection type surface wave resonator of an embodiment
according'to a first aspect of the present invention. |
| Fig. 6 is a plan view of an end face reflection type
surface wave resonator according to a first embodiment of
the present invention.

An end face reflection type surface wave resonator 11
is uniformly polarized in the direcfion in which eleqtrode
fingers to be described later extend and is configured using
a piezoelect:ic substrate 12 having a rectangular surface.
The piezoelectric substrate 12 is made of a piezoelectric
ceramic such as a léad titanate-lead zirconate type
éiezoélectric ceramic and a piezoeledtric single crystal

material such as LiTaO3 and LiNbOj.

A first IDT 14 and a second IDT 13 are formed on the

-
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thereof results in the desired resonance characteristic and by sel ecting
the nunber [err] of the pairs of electrode fingers of a second resonant

« unit such that the distances L between the two opposite F—ttrosg
resonators becones as close to each other as possible r gﬁﬁﬁkéthQﬂﬂiﬁﬁﬁN
opti mum val ue and all owabl e range for the distance. A dgscri RERJAGHED | now
be made with reference to Figs. 6 thqgegh 8 on the configuratrom and
operation of an end face reflection type surface wave resonator of an
enbodi nent according to a first aspect of the present invention. Fig. 6 is

‘a plan Vﬁ?‘f%f’fs &l dPaad Piletdidleetripe sabstzacewte rEsenfixst according
to afirs ment of the present invention. An end face reflection type

surface €14 E‘a%ﬁi‘é\ﬂ% sbbdrd 4T ashyepprovided by fommilgection in which
el ectrode fingers to be described |ater extend and is configured using a

pi ezoel e, éi%gfréd%dés"‘tcfes&ib@d p@1dw.ect angul ar surface. The piezoelectric

substrate IS ma of a piezoelectric ceramc such as a |lead

titanate-| eagyd HaFRA1S LHROUGhC1Teheet Ebemear £ni paralllel prithesderic
single crystal material such as [err] and [err]. Afirst IDT 14 and a

second | B ﬁéé & 4id "Bl YoridiRtingl $wePpppostitbaendofates bRazamdectric
substrat e e first IDT 14 and the second IDT 13 are provided by

form ng gbgchHf odss pirestisrddtieit krlb¥drate 12. The bus bars 15 and

17 are formed along the side faces 1l2c and 12d, .
respectively. The bus bar 16 is formed in the middle of the
piezoelectric substrate.lz in parallel with the side faces
12c and 12d. |

A plurality of electrode fingers 18a through 18e are
‘formed so that they extend from the bus bar 15 toward the
bus bar lé-but do nét reach the bus bar 16. Similarly, a
plurality of electrode fingérs]iéa through 194 are formed so.
that they exfend from the bus bar 16 toward the bus bar 15
but do not reach the bus bar 15. The IDT 13 is constituted
by a comb-like electrode formed by the bus bar 15 and
plurality of electrode fingers 18a thfough'lae and a comb-

'1like electrode formed by the bus bar 16 and plurality of
electrode fingers 19a and 19d.

A plurality of electrode fingers 20a through Zbé are
formed so that they extend from the bus bar 16 toward the
bus bar 17. Similarly, a plurality.of'elecirode fingers 2la
through 21f are'formed so that they extend from the bus bar

17 toward the bus bar 16 but do not reach ‘the bus bar 16.
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Bus bars 15 through 17 are fornmed in parallel with side faces 12c and 12d
connecting two opposite end faces 12a and 12b of the piezoelectric
‘substrate 12. The bus bars 15 and 17 are formed al ong tde=sid
and 12d, respectively. The bus bar 16 is fornmed in therrﬂdl@la.,gg-r,l,
‘plezoelectrlc substrate 12 in parallel with the side figfs 1§gp=ﬂ ;
plurality of electrode fingers 18a thiBugh 18e are for Sotrat—=th

extend fromthe bus bar 15 toward the bus bar 16 but do not reach the bus
bar 16. Similarly, a plurality of electrode fingers 19a through 19d are
formed seaHehaDT hdy isxtensdtitated hsy baiscdmby-1ike @imctrdde formed bys but do
not reach the bus bar 15. The IDT 13 is constituted by a conb-Iike

el ectr odaHeobusdbay 1Beahdspbaralitprof mlectrode diingexst 20 fingers 18a -

t hrough 18e and a conb- |ike electrode formed by the bus bar 16 and

pl ural i t thfougjre 2becdadf angomb-12ke salledfrbdd formed iby tife duscbaade
fingers 20a through 20e are fornmed so that they extend fromthe bus bar 16
toward thg amd paaralit§i ofl eléytradel fingetry 2¥a admt2ldde fingers 2la

t hrough 21f are fornmed so that they extend fromthe bus bar 17 toward the
bus bar 16 bufthdoabote+desiribed heledearodd.fingdifs P haveVaNwidtlhET 19 The | DT
14 is constituted by a conb-like electrode forned by the bus bar 16 and

pl ural i t whilcheliscabode dhegfvarthathe wavelength of a surface wave

excited by the IDT's except the electrode fingers 18a, 18e,

21a,'and 21f formed along the end faces 12a and 12b. Each

of the intervals of ﬁhose electrode fingers is also one-

fourth the wévelength of a surface wave excited by the IDT's

13 and 14, ex=wpt 22; electrode fingers 18a, 18e, 2la, and
‘have a wide, whic h

21f formed along the end faces l1l2a and 12b i

interval is about one-eighth the wavelength excited by the

IDT's 13 and 14.

The IDT's 13 and 14 having the above-déscribed_
configurations can be obtained by forming an aluminum film
on the upper surface of the piezoelectriq substrate 12 using
thin film forming methéds such as deposition, plating, and
éputtering and by patterning the film using photolithography
or the like. Alternatively, the IDT's 13 and 14 may be |
formed by screen-printing a conductive material to provide
the surface cdnfiguration as shown in Fig.-6.

In the surface wave resonator 11 according to the

present embodiment, a second resonant unit is constituted by

the area in which the IDT 13 is formed and a first resonant
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t hrough 20e and a conb-like electrode forned by the bus bar 17 and
plurality of electrode fingers 21a and 21f. The above-descri bed el ectrode
*fingers have a width which is about one-fourth the wavel ength of a surfac
wave excited by the IDT's except the electrode fingers E
21f formed along the end faces 12a and 12b. Each of the %ﬁﬁiﬁAeth ose
el ectrode fingers is also one- fourtl2& he wavel engt h. of

m
Lo}
pol

excited by the IDT"s 13 and 14. The el ectrode fingers 18a, 18e, 2la, and
21f formed along the end faces 12a and 12b have a wi dth which is about
one- ei ghahit his weons it ted by thsk lareshdnl Whishl18henfiDT414The IDT's 13 and
14 having the above-described configurations can be obtained by .form ng an
al um nunférmed on The senond sesonantountikeipi azvesenator semwingtas 12 usi ng
thin filmform ng nmethods such as deposition, plating, and sputtering and
by patt eantrmap tfor ftHenwisierg sjilgnad| fireqgeapipyobran hadjadent Al t ernati vel y,
the IDT's 13 and 14 may be forned by screen-printing a conductive naterial
t o provideannel s anddhe difisiuresopanss uphbwisi & Fegonstor rserweinyr f ace
wave resonator 11 according to the present enbodi nent, a second resonant
unit i s asrstirtap dbrhthehaudieasignakhi fheghentPlofi3the ddjamshtand a first
resonant 20. unit s constituted by the area in which the IDT 14 is
fornmed. dimnnekon®Elesdoniaal wonnectianr €srntheroperation asf those

units may be established'by connecting the bus bar 16 to a

reference potential and by electrically connecting the bus

bars 15 and 17 to signal lines. Thus, the surface wave

resonatorVﬁccording to the present embodiment can be used as

a s:l.ngle electrical component hav:.n? three terminals.

In the surface wave resonator\/atccording to this
embodiment, the distance L between the two opposite end
faces 12a and 12b is 287 um, and the sound velocit_y in the
piezoelectric substi'ate 12 is 2400 m/sec. The numbers M;
and M; of the electrode fingers of the first and second
resonant units are five and four, resnectively. 'I'hei:'efore,
the adjacent channel video signal frequency (31.9 MHz) and
the adjacent channel audio freqnency (40.4 MHz) have
wavelengths Aap = A, = 75.2 um and Aas = A; = 59.4 um,
respectively in the resonators. -

| Thus, the resonance characteristic of ‘the first
resonant unit serving as a trap for the adjacent channel
audio signal-frequency satisfies L = (A;/2) X N;. So it is

apparent that no undesirable spurious response occurs in the
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a trap for the video signal frequency of an adjacent channel, and the first

resonant unit is a resonator serving as a trap for the a

* frequency of the adjacent channel. Electrical connectio

of those units may be established by connecting the bus

reference potential and by electrically connecting the bEwe

to signal lines. Thus, the surface wate resonator 11 according to 8

present enbodi nent can be used as a single electrical conponent having

three terminals. In the surface wave resonator 11-according to this

enmbodi madgionhefdifregquencliebelorer than tvle qesmidnce pbimgeasl?2a and 12b

Is 287 [err]m and the sound velocity in the piezoelectric substrate 12 is

2400 m shownlia Fdghe8s Merr] and Merr] of the electrode fingers of the

first and second resonant units are five and four, respectively. Therefore,

t he adj acent oaheheebthétesand gnfdr fuiRs iesonante ¢hildarterdsitiie adj acent

channel audio frequency (40.4 MHz) have wavel engths [err] - [err] = 75.2

[err] m ané secohd-rpsohhnt tfii¢ gerving asspamdp dor ithet hdjaesatat or s.

Thus, the resonance characteristic of the first resonant unit serving as a

trap forchanheldvddest signalcfregdency| osincé richipdengtint(iss/2p X N>

([err]/2) X NNerr]. So it is apparent that no undesirabl e spurious

r esponseaheredts devibites frah thgi abové disramesilzdy Gv8 amanat he resonance

point, as shown in Fig. 8. _ |
spurious response occurs in the region of frequenc1es lower

than the resonance point as indicated by the arrow A.

However, such a spurious response in the region of
frequencies lower than the adjacent channel video signal
frequency does not adversely gffect the characteristics of
the video intermediate ftequency stage. Therefore, the
surface wéQe resonator 11 according to the present
embodiment can be used as preferable elements serving as two
traps of a video intérmediaté'frequency stage of a.
television receivér. In other words, two traps can be
provided using a single element. This provides an advantage
over conventional LC resonance circuits and conventional

conventiona

trap circuits utilizing'piezoelectric resonators in that
circuit configuration.can be significantly simplified with a
reduction in manufacturing cost. |

Fig. 9 is a. perspective view illustraﬁing a surface
wave resonator according to anotﬁer embodiment of the

present inéention. The surface wave resonator 31 shown in

Fig. 9 is an embodiment accordihg to a second aspect of the
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On the other hand, for the resonance characteristic of the second resonant
unit serving as a trap for the adjacent channel video signal frequency,
'since the length ([err]/2) X [err] thereof deviates fron1the above di stance
L by 3.8 [err]m a spurious response occurs in the regi e
| ower than the resonance point as indicated by the arroyy RlSIZHEETSHAS BEEN (A
spurious response in the region of. fr22iuenci es | ower thfgn t heRERLAGCENL
channel video signal frequency does not adversely effect=the :
characteristics of the video internedi ate frequency stage. Therefore, the
surface paventgennahdrid lsimidarxlity the firsy embodisensdinethataitbe used
. as preferable elements serving as two traps of a video intermediate
frequency.ssangelahenttsemingmsraactmaprc:.rlqumtlmravwn.dep two traps can be
provided using a single element. This provides an advantage over
convent i gfebrinédiatentrequency stageaf @ aplevisibnsreteliverng conventional
pi ezoel ectric resonators in that circuit configuration can be significantly -
sinplified wiThe surthes iwave resomatort 31i dg confighirgd @singaaper spective
view illustrating a surface wave resonator according to another enbodi nent
of the ppgegoélecveiiti substihete 32 dusvimy @ rectanpolallsardace.n Fig. 9 is
an enbodi ment according to a second aspect of the = 22 invention and is
sim|ar Thetpietoelectrbodsubssitrate t3ttis made of elpmeaOelectrmg as a trap
circuit in a video

ceramic such as a lead tltanate-lead zirconate type

plezoelectrlc ceramic and a piezoelectric single crystal
material such as LiTaO; and LiNbO,.

A groove 33 is formed on_the upper surface of the
piezoelectric substrate 32 in parallel with end'faces 32a
and 32b facing each other. A first IDT 34 and a second IDT
35 are formed on both sides of ﬁhe grodve 33 to configure
firs£ and second resonant units, respectively.

The IDT 34 has comb-like electrodes 36 and 37 which are
arranged so that the eiect:ode finéers thereof are
interdgirated 365
dinterleaved-. Electrode fingers 36m, 37a, and 37b are formed
to have a width which is one-fourth the wavelength A of a
surface wave excited by the first resenant unit and are
spaced by A /4 from.eaeh other. The width of electrode
fingers 36a and 36c on both ends is A /8. |

The second IDT 35 similarly.has a pair of comb-like
electrodes 38 and 39 which are arranged so that the

rhterdigitored

electrode fingers thereof are interleaved. Electrode

,fingers 38a, 38b, 39b, and 39c are formed to have a width
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I nternmedi ate frequency stage of a television receiver. The surface wave
resonator 31 is configured using a piezoelectric substrate 32 having a
“ rectangul ar surface. The piezoelectric substrate 32 is na;f_of
pi ezoel ectric ceramc such as a lead titanate-lead zircongtf,, %&tp =
pi ezoel ectric ceram c and a piezoelectric single crystal =teri:5;{ﬁ#ﬁ>@EEN
Li TaO8 and Li NoG3. A groove 33 is folfed on the upper surtease-g CED
pi ezoel ectric substrate 32 in parallel wth end faces 32a and 32b facing
each other. A first DT 34 and a second I DT 35 are forned on both sides of

t he groowteic3B isoopenffoyartd theswvavelengtbnd ofs GnSMEIARE: WaVPespect i vel .
The 1 DT 34 has conb-1ike el ectrodes 36 and 37 which are arran 'so that

the el emadided byyshe spcopdf r@senantcunili and Are FRAIHRY ffﬁgers 360D,
37a,  and 37b are forned to have a width which is one-fourth the wavel ength
A of a firdmeackavthersi t efheywidthfof wlectradatfingaratPadSpaced by A .
/4 from each other. The wi dth of electrode fingers 36a and 36¢ on both
ends i s 38 dn PothhendscofidtheTsecord iresenant it 34 one- =} i ke

el ectrodes 38 and 39 which are arranged so that the el ectrode fingers

t her eof tdvee vavededighh afcd. sgrfaceovaveexpitedghermin. 39, and 39c are
formed to have a width- 23 which is oneZfourth the wavel ength A of a

surf ace wavelsxtheegupfacecwave oresorateriacearding tatde; PXESeNy A /4

embodiment, the first and second resonant units are
separated by the groove 33. Therefore, a surface wave
excited by the first resonant unit is reflected by the end
face 32a and one irner wall 33a of the'groove 33.
similarly; a surface wave excited by the second resonent
unit is reflected by the other inner wall 33b of the groove
33 and the end face 32b. In other words, each of the inner
walls 33a and 33b of the groove 33 serves as one of the end
faces of the respective end face reflection type surface
wave resonant units.
| In the surface wave resonator 31 according to the
present embodiment, two resonant units are provided using
the single piezoelectric substrate 32 as described above by
forming the groove 33 to use the inner walls thereof as end
faces on which surface waves from the resonant units are
reflected.

Thus, the present embodiment also makes it possible to
provide a surface wave resonator of the end face refiection

type having two different resonance Characteristics using a

[
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from each ot her. The width of electrode fingers 39a and 38c on both ends
. of the second resonant unit is one-eighth the wavel ength of a surface wave
*excited therein. In the surface wave resonator 31 according to the present
enbodi nent, the first and second resonant units are separated by the groove
33. Therefore, a surface wave excited by the first reso ‘ﬁbﬁgg -
i

bS]

reflected by the end face 32a and one24 nner wal | 33a of GEHAS BEEN
Simlarly, a surface wave excited by the second resonant LACEDeCt ed
by the other inner wall 33b of the groove 33 and the end face 32b. Tn ¢ -
wor ds, egghgbé ébememvier walls 33a and 33b of the groove 33 serves as one
of the end faces of the respective end face reflection type surface wave
resonant uni tBt is) therefiorepossibie sooprovide] taapsr §PEgthe YAdePr esent
enbodi nent, two resonant units are provided using the single piezoelectric
subst r at gigAadsfequenoydand ity signalndrequepcyoes 88 adjasenthe inner
‘wal I s thereof as end faces on which surface waves fromthe resonant units
are refl enanfdelTHos, atvideo coerermediatiefinequensyrstade Pfpdssible to _
provi de a.surface wave resonator of the end face reflection type having two
di f f er entelevBionerebelver cby stresly selpcting thes nugbers e#e\gbe It is
therefore possible to provide traps for the video .

electrode fingers of the IDT's 34 and 35 and the distance

betﬁeen the two opposite end faces of each resonant unit.

In operation, the comb-like electrodes 37 and 39 may be
interconnected to package- the surface wave resonator 31 of
the present embodiment into a component having three
terminals._

Fig. 10 is a perspective view showing a modification of
the surface wave resenator according to the embodiment shown
in Fig. 9. A surface wave reeoqator 41 according to this
alternative embodiment hae two grooves 42 and 43 formed
between first and second resonant units on both ends
thereof. As a result, a part 44 of the substrate remains
between the grooves 42 and 43.

Since the resonator 41 is otherwise similar to the
surface wave resonator 31 shown in Fig. 9, such like perts
are indicated by like reference numbers and will not be
described.

In the surface wave resonator according to the second
aspect of the invention, the first and second resonant units

'rmay be-separated from each other by forming a plurality of
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signal frequency and audi o signal. frequency of an adjacent channel for a
video internediate frequency stage of a television receiver by freely
‘sel ecting the nunbers of the electrode fingers of the | DI'ps=24-—and 35 and
the di stance between the two opposite end faces of each r¢iSTRENSHERY { ASEEE
operation, the conb-like electrodes 37 and 39 may be intefconnengpg €€p N
package the surface wave resonator 312%f the present enbodrel
conponent having three terminals. Fig. 10 is a perspective view showi ng a
nodi fication of the surface wave resonator according to the enbodi nent
shown i ngEogve$. thexebétweencas i shentsar faceawayedregonatoni shawner nati ve
enbodi nent has two grooves 42 and 43 fornmed between first and second
resonant innFig. o0 bot h ends thereof. As a result, a part 44 of the
substrate renai ns between the grooves 42 and 43. Since the resonator 41 is
ot herwi se si rlthough ot \hovage acwordingotat the3secbndnaspeétgof9, such
| i ke parts are indicated by |like reference nunbers and wi'll not be
descri bethe| invéntiom | cone v anorss addtidrionado gtopyesomajyiebe eformedspect of
the invention, the first and second resonant units may be separated from
each ot hbetwgehothe nad jagent atesonayit unids gmothesstitler efetheen as in the
surface wave resonator shown in Fig. 10.

piezoelectric substrate opposite to that on which the IDT's

= --.._...._:...-

are formed.

Various modifications to the present invention will
become apparent to those skilled in the art from the
foregoing description and accompanying drawings.
Accordingly, the present invention is to be limited solély

by the scope of the following claims.
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Al t hough not shown, according to the second aspect of the invention, one or
nore additional grooves may be fornmed between the adjacent resonant units
*on the side of the piezoelectric substrate opposite to that on which the
IDT's are forned. Various nodifications to the present invention wll
beconme apparent to those skilled in the art fromthe for qpidg

and acconpanyi ng draw ngs. Accordi ngl 6 the present invdpti })i §$EEN ,
limted solely by the scope of the follow ng clains. LS
claimed is: 1. An end face reflection type surface wave resonator wherel n

hori zontal shear wave type surface WhadMSare refl ect edWcrppﬁs—i—t—e—end
faces of a piezoelectric substrate, conprising: a piezo

havi ng sai d piezoel ectric substrate; and first and secoﬁmm m Eﬂmm
transducers forned on said piezoelectric substrate, wher&ine |nr

resonant witat iss clenimied diszd by the portion wherein said fi rst I nterdigital
transducer is forned, and a second resonant unit is constituted by the
portion whereiln an éndefacd reftedtjohatypecssuxiface wave gresanagiomn a

resonance frequeppw.#h® different fromthe resonance frequency f[err] of
sai d firswhepsim¢stieamiwave type surface waves are reflected by two

 opposite end faces of a piezoelectric substrate, comprising:
a piezoelectric 'sﬁbstrate having 'said piezoelectric
substrate; and
first and second interdigital tfans’ducers formed on
said piezoelectric substrate, wherein;

a first _resoﬁant unit': is eonstituted by the portion
wherein said first interdigital transducer is formed, and a |
second resonant unit is constituted by the portion wherein
.said second interdigital transducer is formed with a
resonance frequency f; different from the resonance
frequency £f; of said first resonant unit;

a distance L is made equal or close to (A;/2) X N; (N,
is an. integral number) end N, (N, is an integral number) is
chosen to make (A2/2) X N, close to L, with L representing
the distance between said two opposite end faces, A,

- representing the wavelength of a surface wave excited by
said first resonant unit, end A ; representing the wavelength
of a surface wave excited by said second resonant unit.

2. The surface wave resonator according to Claim 1,

wherein said distance L is in a range expressed by (A,/2) X

. This Sheet Has Been Replaeed




a distance L is made equal or close to ([err]/2) X N[err
integral nunber) and N2 (N2 is an integral nunber) is ch m;m M@k@ﬂ ’!ﬂ
([err]/2) X [err] close to L, with L representing the distance i d
two opposite end faces, [err] representing the wavel ength of a surface wave
excited by said first resonant‘unit and [err] represent Qg
of a surface wave excited by said seEBnd resonant unit.
resonator according to laimi1, wherein said distance L
expressed by ([err]/2) X 27 [err]. 3. The surface wave resonator
accordi My fo (RaV/&P)l.or A aim2, wherein said distance L is out of the
range expressed by [err] . 4. The surface wave .resonator according to any
one of O ai nd-1The surfince evave resenaton acdomtingde [Cdadm af oxai d fir st
resonant unit is higher than the resonance frequency [err] of said second

r esonanCladm 2,5wh@lteinusaidedistanceshng mutacadthengangeany one of C ai ns
1to 4 whichis a resonator that constitutes a trap circuit of a video

i nt er ne@xpressedqb¥né R s123g& ¥k & tEehed28)on recei ver and wherein said
first resonance frequency [err] is the audio signal frequency of an

adj acent chahneTharshxtace seavwn desonator adocaliag td anysonkeofi deo si gnal
frequency of the adjacent channel. 6. The surface wave resonator accordlng
to any 6&@1@5 1 to 3, wherein the résonance frequency f; of said

first resonant unit is higher than the resonance frequency
f, of said second resonant unit.
5. The surface wave resonator according to'any one of
Claims 1 to 4 which is a resonator that constitutes a trap
circuit of a video intermediate frgquency stage 6f a
television receiver and wherein said first resonance
frequency fl is the audio signal frequency of an adjacent
channel and said second resonance freQuency f; is the video
signal frequency of the adjacent channel.
6. The surface wave resonator according to any one of Claims 1 to 5,
wherein said first and second resor_\ant units are separated by at least one
groove formed on said piezoelectric substrate, one of the two end faces of

each of said first and second resonant units being constituted by an inner

wall of said groove.
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Claims 1 to 5, wherein said first and second resonant’ ﬂmg ﬂ” ﬂmmﬂ d
by at | east one groove forned on said piezoel ectric sub ﬁ
‘two end faces. of each of said first and second resonant units belng *

constituted by an inner wall of said groove. 28 7. A
reflection type surface wave resonator "utilizing horlzonﬂaTH@ Fwwwgaggne
surface waves conprising: a piezoele@®ic substrate havi g at Péasacion

groove forned on at |east one of the surfaces thereof; and TTTst" Eleas
interdigital transducers which are forned on said piezoelectrlc substrate,
separ at ed bﬁaiﬁ'd at | east one_.groove, and which constitute first and
second reso %l@%d £aee cra 1R ELOM (type SULEACQ WaViee TORONAHPT aces of
~each of said firs{erasgelsecond resonant units for reflecting surface waves
bei ng comdtiilipiag 9eaﬁ waver type | swrface wayeswomprising:

a piezoelectric substrate having at least one groove

formed on at least one of the surfaces thereof; and

first and second interdigital transducers which are
formed on said piezoelectric substrate, eepa:ated by said at
least one groove, end which constitute first and second
resonant units, reSpectively,-at'leasﬁ one of the two end
faces of each of said first and second reeonant units for

reflecting surface waves being constituted by an .inner wall of
Sard groove .
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