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BACKGROUND OF THE INVENTION
(i Eieliof—the—3 s
The present invention relates generally to an end-face
reflecting-type surface wave resonater usinhg fhe} an
SH-type surface wave, such as tha BGS wave, the Love
wave, or the like. More particularly, the invention
relates to an end-face reflecting-type surface wave
resonater in which a plurality of rescnance units are
formed into a single device.
+2r-Boporiprion-of-the-Ralabed—iri~
At the vidao intermediate frequency stage of a
telaevision receiver or 2 video cassatte recorder, in
order to prevent interference with adjacent channels, it
is necassary to sufficiently attenuate szignals sS=> at
the adjacant-channel video signal frequency fap (31.5 MHz
according to the Eurxopean PAL system) and the
adjacent~channel sound signal freguency Fas (40.4 MHZ
according to the Eurcpean PAL system).' Fig. 1 is a

characteristic diagram of a typical filter indicating
attenuation fmagnitude—against} versug frequency
teharasberinbiont at the video intermediate frequency
stage. Fig. 1 reveals that a great level of attenuation
toagnitude—is—enoured—inl is conventiopallv provided at
the adjacent-channel vides signal fraguency fap and the
adjacent-channel souné signal frequency fas.

In order to guarantee a graat level of attenuation
-fwagnitude—in} at both the adjacent-channel video signal
frequency fap and the adjacent-channel sound eignal
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frequency fas, two trap devices are conventionally
emplayed, such as a trap device having a great level of
attenuation fmegmitude—inl at the frequency fap and
another trap device havinyg a great level of attenuation
tmagnitude—ing at the freguency fas. Each trap device is
formed of an L¢ resonance circuit, a piezo-rescnator,
fand3} ox the like.

As a plezo~resonator for the above-described usa,
attention is being focussed on a piézc-resonator
utilizing fthel an SH-type surface wave, such as the BGS
wave. Fig. 2 illustrates an example of an end-face
reflecting-type surface wave {xasonaters] resonator using
the BGS wave.

4An}- The end-face reflecting-type surface wave
resonator generally designated by 1 has a piezoelectrie
substrate 2 formed in a quadrilateral plapar shape fin-
4+he—planel. The piezoaelectric substrate 2 is formed of a
piegoelectric material, such ag lead zircotitanate
piezoelectric ceramics, LiNbO, piezoelectric single
crystal, LiTa0, piezoelectric single cxystal, etc ; the
substrate 2 formed of piezoelectric ceramics having been
polarized in the direction indicated by the arrow P shown
in Fig. 2. Uisposed on the top surface 2a of tha
substrate 2 are a pair of comb-like electrodes 3 and 4
~ftso—as-8el yhich form an interdigital transducer
{(hereinafter simply referred to as "the IDT"). The
comb-like elactrodes 3 and 4 have a plurality of
alectrede fingers 3a through 3c and 4a through 4e¢,
regpectivaly.

In the surface wave resonator 1 constructed as
described abova, an AC veltage is applied to the
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resonator 1 from the comb-like electrodes 3 and 4 to
excite the BGS wave which then propagates in the
direction indicated by the arrow X and is further
reflected between the end faces 2b and 2c. In this
resonator 1, the frequency determined by the IDT is
matched to the freguency determined by the digrance
vetween the end faces, thereby obtaining effectiva
rasonande charactaxistics.

However, the end-face reflecting-type surface wave
resonatar described abave, ag well as fan) conventional
LC rasonance {eirouitl cireyite and other types of
piezo~resonators, fhas) have only a single f=kype—eil-
resonance {eharasteristicl. Accordingly, two surface
wave resonators are rxequired and famed nyst be connected
to each other in order to achieve trap characteristics
+ind at both fof) the adjacent-channal video signal
frequency fap and the adjacent-channel sound signal
frequency fas.

On the other hand, a single surface—acoustic wave
xesonator using the Rayleigh wave exhibiting two types of
resonance characteristics is disclosed (for example, in
Kokusai Rlectrie Co., Ltd., Technical) Report No. 16,
fpagel pagqes 1. =7, 1992). More specifically, in a
surface wave reacnatsr filter uging the Rayleigh wave, a
double mode resonator using a Oth-order longitudinal mode
(dominant mode) and a secend~order longitudinal mode is
known, sxhibiting two types of resonance characteristics.

However, in this type of resonator, at least two
gaete of IDTs and reflectoxs are required t¢ obtain the

' two types of rescnance characteristics. Also, the -

resonance characteristice of the double mode resonator
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‘are determined by tha raflection soafficient fagairstl
yersus the frequency characterjistics of the reflectors.
However, because {e£} the resonator has a-narrow
freguency range having a large reflection coefficient,
there is only a very small difference {betweon—twe-
Tosonanca-peints}, such as approximately 1 MHz, between
two resonance points in a region in which good rasohance
charactexristios are obtained. This makes it difficult to
feonztitute} provide the two reguired trap ragonators
merely by use of such a double mode resonator, &ince the
two &rap resonators have very differant frequencies at
which the attenuation characterisgtics shown in Flg. 1 are
sxhikited. _

One of the measures that have been copsidered to
avercome the above~described drawback and te obtain two
types of rescnance characteristics may ba to form twe
IDTs on a piezocelectric substrats so as to conatitute two
resonance units, in an end-face reflecting-type surface
vave resonator discussed above. However, in the above
type of resonator using {&he} an SH-type surface wave,
euch as the BGS wave, the relationship between the
wvavalength A of the IDT and the distance 1
betwgen the foppesediy)- oppozitelv-facing two end faces
of the piezoelactric substrate between whiech the surface
wave is reflected can be expressed by L = (Af2) ¥
n f{wherein n is an integer), as schematically
illustrated in Figl's.' A great difference between the
adjacent-channel video signal freguency fap and the
adjacent~channel sound signal fregquency fas causes a
significant differance betwaan the respective wavelengths

. "A. For example, when it is assumed that the speed of
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sound {ofT in the P2T substrate is 2400 m/s, acoerding to
the PAL system, the wavelength ~  )ap for the
adjacent~channal video signal frequency fap is 75.2

gr, while the wavelsngth ~ - Aas for the
adjacent-channel sound signal frequency fas is 59.4 [mm)™
im. Accordingly, the distance L between the
above-described feppeosedliy} oppositely-facing end faces
of one resonance unit having a resonance point at the
adjacent-channel video signal frequency fap differs fronm
that of the other resonance unit having a resonance point
at the adjacent-channel sound signal frequency fas.

Thus, it feeams—te-bu} ls very difficult to form two
raesonance units having different resonant fregquencies on
the same substrate of an end-face reflecting-type surface
wave resonator using the SH-type surface wave,

SUMMARY OF THE INVENTION

Accordingly, it is an object of the pressnt
invention to provide an end-face xeflecting-type surface
vave resonator using the 8H-type surface wave fwhesel-
wherein two resonance units having different resonant

" frequencies are formed as a single davice.

In order to achieve the above object, there is
provided an end-face reflacting-type surface wave
resonator comprising: a piezoelectric substrate having
tvo foppesediy) ovpositely-facing end facee fhetaen-
whieh} for reflecting an SH-type surface wave fie—
~-reflected}; and an interdigital trangducer dispoged on
the piezoelectric substrate and aszeigned with weights
according to a cross~width weighting methoed or an
electrode~finger withdrawal method . The freguency

. o
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characteristics of the weighted interdigital transducer

_thaving} have two main lobes, wherein the weights are

assigned to the interdigital transducer in such a manner
that the peaks of the two main lobes substantially
coincide with freguency positions of attenuation polas,
respectively, disposed acrxosa a main lobe of freguency
characteristios of a virtual normal-type interdigital
transducer having the same number of pairs of electrode
fingers as that of the weighted interdigital transducer
or having a nunber of pairs of electrode fingers
determined by the same distance batween the two
feoppocsediyd oppositely-facing end faces as that of the
wveighted interdigital transducer{r—thereby—obtetmbngd.

‘The ageigned weights obtain first and second types of

resonance characteristies in the positions of the
attenuation poles of the virtual normaletype interdigital
transducay Sby-acaigning—the—voighbs—thometot,

More specifically, in the surfaca wave rasonator of
the present invention, wWeights are assigmed to an IDT, =6
that two types of resonance characteristics can be
implemented fendyd by use of pnly a single device,
utilizing twe suppressed attenuation poles disposed
acroes a main lobe of a convantional normal IDT. In this
specification, using the maximum point of the excitation
atrength of the surface wave resonator as a raference,
the frequency range in which the attenuation magnitude of
the excitation strength relative to the reference is 10
dB or smaller is referred to as "the wain lobe", while
the frequancy range in which the, attenuation magnitude of
the excitation strenqth is greater than 10 dB is yeferred
to as "the suh_lobe"_
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thidibionedty—tived The above-deseribed SH-type

sucface waves broadly include  not only the BGS waves,

but also — surface waves Whose displacements are
perpendicular to the propagation direction of the surface
5 wave, such as the Love vave. .
—Rusbher—the} The surface wave resonator fef—the
Pracapt-invention) described herein may preferably be for

+thay use in a trap cirecult at the video intermediate:
frequency stage of a television recelver or & video

10 cassette recorder. More specifically, the positions of
the above-described respactive attenunation poles may be
determined in such a manner that the first type of the
two resonance characteristics corresponds to the
adjacent-channal video signal freguency (fap), and the

15 second type of xeszonance characteristics fhawimed has a
freaquency higher than the frequency of the first type of
resonance characteristics and is assaciated with the
adjacent~channel sound signal frequency {fas). It is
thus possible to construect a trap e¢ircuit at both the

20 adjacent-channel video signal frequency and the
adjacent-channe)l sound signal frequency -(oRd¥3d by use of
only & single device.

IEF DESCRIPTION OF
Fig. 1 is a characteristic diagram indicating the

25 attenuation fmagnitude—ageinet: versus frequency
characteristics of the video intermediate freguancy staye

fof-a~3in a conventional telsvision receiver;

Pig. 2 is a perspective view of a conventional
end-face reflecting-type surface wave resonator using the
30 BGS wave; '

pBcusun
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Fig. 3 is a sactional view of few? a_conventional

end-face reflecting-type surface wave rescnator;

Fig. 4 illustrates a frecquency spectrum of a normal
IDpT;

Fig. 5 illustrates frequency spectrums of a
weighted IDT and a normal IDT;

Fig. 6 is a plan view of the configuratien of an
end-face reflecting-type surface wave resonator according
to an embodiment of the present inventien;

Fig. 7 is a characteristic diagram indicating the
impedance against frequency characteristics of the
resonator shown in Fig. 6;

Fig. 8 1s a characteristic diagram indicating the
attenuation magnitude against frequeney characteristics
of a trap filter formed by use of the resonator shown in
Fig. 6; and

Fig. 9 is a circuit diagram of a measuring circuit
for measuring the attenuation characteristics of the trap
filter shawn in Fig. 8.

A description will now be given of an embodiment of
an end-face reflecting~type surface wave resonator using
the BGS wave. As discussed above, the surfaca wave
tesonator of the present invention is constructed so as
to obtain freguency characteristics in which the two
peaks of the main lobes are located at the frequencies
corresponding to the attenuation poles of the normal ipw-

‘The best _known mode $be—cammp=of carrving sut the

invention will now be explained by way of a surface wave

. .This Sheet Has Been Replaced
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regonator used as a dsvice that forms a trap circuit
disposed at the video intexrmediate freguency stage of a
television Jfwideed receiver or the like. Two typeas of
resonance characteristies exhibited by the surface wave
5 resonator are set to coxrespond to the adjacant-channel
video signal frequency fap and the adjacentechannel sound
signal frequency fas, respectively.
The aforesaid surface wave yasonator can be
acquired by the following procedure. After the number N
10 of pairs of electrode fingers of the IDT has been
determined, welghts are assigned to the IDT having N
pairs of elgctrode fingars so that the peaks of the main
lobes can be positioned at the frequencies cerreesponding
to the freguencies fap and fas. This procedure will now
15 be explaihed in detail.

(1} Determination of the number N of
pairs of electrode fingers of the IDT
A description will first be given of the resonant
frxequency characteristics eof the normal IDT For use in
20 the end-face reflecting-type surface wave resonator
employing the BGS wave. Fig. 4 illustrates a resonant
frequency spectrum of the normal IDT. This type of
spectrunm is known and is described in, for example,
Proceedings of the Spring Meeting of ASG, - pp. 351
25 - =352, issued in May 1976, Referring to Fig. 4, the
horizontal axis indicates the frequency, 2N, 2N-1, eta..
designating the positions of the resonance points in the
2N-order mode and the 2N-1~order mode, raspectively. On
the other hand, the vertical axis represents the

SPRO\IE2Z
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attenuation magnitude relative to the peak of the main
lobe, which is 0 dB.
Flg. 4 clearly shows that the ZN-order resonance

mode {wherein N is an integer) can be excited by

S forming the normal IDT provided with the N pairs ef
electrode fingers on the surface of the piezoelsctric
subatrate. Among the other high-order modes, odd~number
modes, such as 2N-1, 2N=3, 2N+l and 2N+3-oxder modes,
cannot be excited due to the gymwmetrical properties of

i0 the alectrodes. On the other hand, even—-number modes,
such as 2N-2, 2N—-4, 2N+2 and 2N+4-order modes, are not
excited because, as shown in Fig. 4, the resonant -
fragquencies of such even-number modes respectively
coincide with the attemuation poles of the frsquency

15 characteristics of the IDT having the N pairs of
electrade fingers, Thus, in tha above type of suxface
wave resonator provided with the normal IDT, such as
illustrated in Fig. 2, only the 2ZN-ordsr mode is excited,
thereby achieving a resonator with less spurious

20 response. It should be noted, however, that only a
single-type of resonance characteristic can be obtainad
by use of the surface reaonator shown in Fig. 2.

In order to overcome the above-described drawback,

according to the present invention, the number N of pairs

25 of electrode tingers are determined so that the
attenuation poles 2N~2 and 2N+2 of the main lobe of the
conventional normal IDT illustrated in Fig. 4 can
coincide with the adjacent-channel video signal freguency
fap and the adjacent-channel sound signal frequency fas,

30 respectively. More specifically, when the frequency
position f, in the 2N-order mode of the peak of the main

SEC a2
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lobe is set ffo.bed at the xntermedxate frequency betwaen
the adjacent-channel vidaeo signal frequency fap and the
adjacent-channel sound signal frequency fas, the number N
of pairs of electrode fingers can be found from the

s formula expressad by . - 2:fy/Nsfas~fap. For
example, accordiny te the videc intermediate freguency
(VIF) circuit at the freguency fap of 31.9 MHz and at the
frequency fas of 40.4 MHz employed in Burope, the
frequancy f£; of one attanuation pole 2N+2 of the main

10 lobe of the narmal XDT matchas the frequency fas, while
the frequancy f; of the other attenuation pole 2N=-2
coincides with the frequency fap, causing the center
frequency £0 of the peak of the main lobe to he
£/~(31.9+40.4)/23=36.15 MHz. Accordingly, the number N of

15 paixs of electrode fingers can be obtained from the
axprassion of N=2x36.15/(40.4- = . .+ 33,9)38.5. The

pair number N further determines the distance between the
end faces of the piezoelectric substrate of the surface
wave resonator.

20 .(2) Assigning weights to the IDT

Fig. 5 illustrates a charactaristic diagram
indicating the frequency spectrum B of the normal IDT
having tha N paire of electrcda fingexra obtained by use
of the above-dascribed method and also indicating the

25 frequency spectrum A achieved by the below-~described
weighting method. As indicated by the dotted line B, the
frequency corresponding to ona attenuation pola of the
main lobe of the normal IDT matches the frequency fap
(=31.9 MHz), while the frequency associated with the

30 other attenuation pole coincides with the frequency fas
$ECUSU2 '
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(=40,40 MHz). The normal IDT is not excited either in
the position of the fregquency fap or the fas.

Weights are thus assigned to the IDT S0 as to
obtain the frequency spectrum A having two main lobes.

In the frequency spectrum A of the weighted IDT, the
peaks of the main lobes are respectively positioned $im)~
at the attenuation poles (the fraquencies of the 2N-2 and
2N+2=0rder modes) of the normal ILT and are excited &im3~
at the raspsctive frequenciaeas, as shown in Fig. 7, which
will be sxplained later. Fig. 7 alsa reveals that a
great lavel of attanuation fmaghiteded is exhibited at
the resonance point of the 2N-order mode, and the
frequency corresponding to this mode is not excited.
Namely, in this weighted IDT, two types of resonance
characteristics can be obtained in which the wava is
excited fim3. at the freguency positions {(fap and fas)
associated with the two attenuation poles of the main
lobe of the noxmal IDT,

One example of a technique of assigning weights to
the IDT exhibiting the degired frequency spectrum
indicated by the solid line A iz shown in Fig. 6. An
end-face reflecting-type surface wave resonator genarally
indicated by 11 illustrated in Fig. 6 has a pair of
comb~like electrodes 13 and 14 forhed on a piezoelectric
snbstrate 12, tha electrodes 131 and 14 constituting one
IDT. The electrxodes 13 and 14 have 8.5 pairs of -
elactrode fingars and are waighted hy changing the cross
width according to the apodization method. The degree of
the weights is selected so that the above-described
frequency spectrum indicated by the golid line A fean-bal.
is exhibited.
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However, thas waighting method is not restricted to
the technique illustrated in Fig. 6. The freguency
spectrum indicated by the solid line A may be achieved
by, for example, forming the electrodes 13 and ia in a

5 gshape other than the shape shown in Fig. 6.

Alternatively, the IDT may be weighted according to
the finger withdrawal method. Such weighting methods are
knoun and disclosed in, for example, Surface Acoustic
wave Tachnique, suparvised by Kimio Shibayama . Tha

10 Institute of Electronics, Information and Communication
Engineersij—-paged, pagey 66 to 68, incorporated by
reflerence.

The surface wave resonator 11 shown in Fig. 6 is

congtructed in a wanner similar t¢ the resonator 1

15 {llustrated in Fig. 2, except that the IDT is weighted in

' the above-described manner. An explanation of the
construction of the resonator 11 will thus be omitted fha
“re-ecbd-eofy, while incorporating by xeference the
degcription given fwhito-sefamsing—¥eod above in

20 connection with Fig. 2.

Fig. 7 illustrates the impedance fagainssd versus
frequency charactaristics of the end-face reflecting-type
surface wave resonator 1) using the XIDT to which
cross-width weights are assigned according to the

28 aforesaid proceduxe. Fig. 7 shows that two types of
rezonance characteristics indicated by FR1 and FR2 are
obtainad in this resonater. FR1 indicates a resonance
peint corresponding to the peak of one main loke ©f tha
erogs-width weighted IDT in the frequency position

30 associated with the T{2N~2) ~arder mede of the narmal
10T, while FR2 dasignates a resonance point corresponding

NEQIGHMR
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to the peak of the other main lobe of the weighted IDT in

.the freguency position assaoclated with the - - (2N+2)

=order mode.of the normal IDT. Accordingly, two trap

devices can be constructed by use of the above—-described
5 two resonance points.

Fig. 8 ie a characteristic diagram indicating the
attenuation magnitude against'frequency characteristics
obtained by the application of the resonator 11 to a trap
circuit. Fig. 9 is a circuit diagram of a measuring

10 circuit used for measuring the characteristics shown in
Fig. 8. Referring to Pig. 9, the circuit includes an AC
supply 20, a voltmeter 21, resistors 22 and 25 exhibiting
a characteristic impadance of the measuring syétem, and
rasistors 23 and 24 for adjusting the voltage applied to

15 the surface wave resonator 11 and the output voltage,
respectively. Further, resistors 28 and 29 located
adjacent to the output and input term;nals, respactively,
are used to watch the inmpedancs.

Fig. 8 shows that a great level of attenuation

20 Fragnibudel- iz achieved at the fregquency FR1
corresponding to the adjacent-channel video signal
frequency at the video intermediate stage and at the
frequency FR2 associatad with the adjacent-channel sound
signal frequency at the same stage, thereby forming a

25 trap device.

The aforesaid embodiment has besn explained in
which the peaks of the two main lobes coincide with the
positions eorresponding to the | :{2N12) ~order mode
and the . (3aN-2)-order mode, respectively, of the

30 attenuation poulss of the main lobe of the normal IDT.
However, weights may be assigned to the IDT so that the

SPRCMERIT
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peaks of the two main lobes can correspond to
highaer-ordar even-number modes, for example, 2K+4 and
2N-4, of the normal IDT.
As will be clearly undexstood from the foragoing
5 description, the present invention offers the following
advantages. Weights are assigned to an IDT so a& to farm
peaks of two main lobes, whereby two resonance
characteristios can be obtalined merely by a single
device. It is thus possible to provide a surtace wave
10 resonator best suited for uses regquiring two resonance
characteristics, for example, a trap cirouit at, the v1deo
intarmediate frequency stage. Further, since two
resonance characteristics can be achiéved by a single
davice, it is possible to simplify the configuration of a
15 circuit, such as a trap circult or the like, to eliminate
the complicated and troublesome connacting operation, and
also to affectively rxeduce the space required for the

‘cirouit.
h - ent invention has des ad
20 in relation to pa ular e ents theraof other
v £ s a i d cther usas a
apparent to those skilled in the art. The present .
ventio not ' ' cific disc
herein.
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1. An end-face raflecting—type surface wave
resonator comprising:

a piezoalectrie substrata having two fepposadiypi-
oppositelv-facing end faces -fphebvaan—witioh: for
reflecting an SH-type surface wave f[is—refleckedy};

an interdigital transducer disposed on said
piezoelactric substrate and faesigned—with—vweights
¥eoniing—to—a—oress=width—vweighting-nethod—or—an
eiaa=saée-£4nqaa—wi#hé!awakéneEhedi-hggigg_g_g_g;;lgsx_gg
fingers each having a respective dimension corresponding

to an_asgigned weight, frequency characteristics of 'said
weighted interdigital transducer having two main lobes,

wherein said weights are assigned to said
interdigital transducer fingers in such a mamner that the
peake of sajd two main lokes substantially coincide with
frequency positions of attenuation poles, raspectively,
disposed across a main lobe of fraguency characteristics
of a virtual normal-type interdigital transducer having
the same nuuber of pairs of electrode fingers as that of
sald weighted interdigital transducer, or having a number
of pairs of eleotrode fingers determined by the sane
distance bstween the two fapposeddwd oppesitelv-facing
end faces as that of said weighted interdigital
transducer, thersby obtaining first and second types aof
resonance characteristics in tha positions of the
attenuation poles of said virtual normal-type

interdigital transducer {*y—assﬁgaing—s&*d—vehﬁﬂ&h
sheretoy.
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2. A surface wave resonator according to

clainm 1, -fecid-recenasbon-Reing—used—for—forming—a-trap.
Sdeopitat-thed in a video intearmediate frequency stage

of a television receiver, vid stage i
output, said n pcted
iyi jgnals om_ 32 ovid

gignale to eajd output, wherein the first type of
resonance -fehasasteristioss~ charasteristic corresponds to
<+#he3> an adjacent-channel video signal frequency of =aid
video IP stage, whila the second type of regonance
+feharscteriabiesd characterjstic exhibiting a higher
frequency than {the-fregueney-of}- sald first type of
resonance feherasteristicsd~pharacteristic corresponds to
-fthed=an adjacent-channel sound signal frecquency of gaid
video JF stage.

smid |
3. A gy c ave reponator accor t
claim 1, wherein each¥weight is assigned accoxding to a
cross-width weighting method.
4. A ce wave reso a ding o
& 1, whe said welght assigned rdin
o _an ctrode-£j it] wal method. )
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