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SURFACE WAVE RESONATOR

BACKGROUND OF THE INVENTION
F th ven

The present invention relates to a free edge

S reflective-type surface wave resonator using SH-type

surface {wave} wWaves such as BGS {wave} waves, Love

~{wave} waves or the like, and particularly to a free edge
reflsctive-type surface wave resonator in which plural
resonance units are fabricated as a single unitary
10 element.

. criptio R ted t
A television receiver, a video tape recorder,
—teee—} _and other simijar devicgs have been reguired to

15 sufficiently attenuate signals at Lfthe} an adjacent
channel video signal frequency f,-[{31~9MH2}{31.9 MHZ in
European PAL system) and the adjacent channel audic
signal frequency f, -{{40-4MH2}-(40.4 MHz in European PAL
system) at a picture intermediate frequency stage thereof

} 20 in order to avoid any obstruction between adjacent
channels. Fig. 1 is a graph shewing an
attenuation-frequency characteristic at the picture
intermediate frequency stagef;—and—i+y, It is apparent
from Fig. 1 that the attsnuation is -frept—to—be}

25 relativelv large at the adjacent channel video signal
frequency f,, and the adjacent channel audio signal
frequency f.

' In order to keep the attenuation—f@e—be}-largc
at the adjacent channel video signal frequency £, and

[

3o the adjacent channel audio signal frequency £, as
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described above, -fthere—havebesnconventionallyused—two-
~traps,—one—having} fwo conventional traps have beenp used.
One of the conventional traps hag a large attenuation at

the adjacent channel video signal frequency f, and the

5 other {having} conventjonal trap has a large attenuation

at the adjacent channel video signal fregquency f,. Each
~ferap} of the copventional traps is constructed by an LC
ragonance c¢ircuit, a piezoelectri¢ resonator, ete.
_ With respect to the piezoelectric resonator
io which is used for the above purpose, much attenticn has
been paid to a piezoelectric resonator using SH-type
surface -fwave} wavegs such as BGS -{wave} waves, Fig. 2 is
- a perspective view showing a free edge reflective-type
surface wave resonator using BGS -fwsve} waves.

15 "A free edge reflective~type surface wave
resonator 1 is constructed by a piezoelectric substrate 2
having a _substantially rectangular flat surface. The

piezoelectric substrate 2 is formed of pilezocalectric
material such as piezoelactric ceramic of lead titanate
20 zirconate, LiNbO; piezoelectric monocrystal, LiTaO,

monocrystal or the like. When it} the substrate 2 is
formed of piezoelectric ceramic, -t} the substrate 2 is

- . subjected to a polarization treatment in a direction as
' indicated by an arrew P in Fig. 2. A pair of comb-shaped
25 electrodes 3 and 4 are ~ffexmed} provided on the upper
suxface 2a of the piezoelectric substrate 2 to form an
interdigital transducer (hexresinafter referred to as
*IDT"). Each gf the comb~gshaped feleetredey glectrodes 3
-++4++—gng_3 ha¢ plural electrode fingers 3a to 3c-+jand

30 4a to 4c, xespegtivelvii}.
By applying an alternating voltage through the

comb-shaped alectrodes 3 and 4, BGS -{wave—isl waves arg
excited on the free edge reflective~type surface wave
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rasonator 1, and the BGS -fwave—prepagates) waves
propagate in a direction as indicated by an arrow X in

Fig. 2. The BGS ftwave—is} waves are raflected betwsen
the free edges 2b and 2c of the plezoelectric substrate
5 2. The free edge reflective~type surface wave resonator

1 can obtain an effactive resonance characteristic by

-teaking-a-coincidence—betwean} setting the frequency
determined by the IDT and the frequency determined by the

dimension between the free edges to be substantially

10 e t ac .

However, the free edge reflective~type surface
resonator £has} only has a single resonance
characteristic like an LC resonance circuit and other
types of piezoelectric resonators, Accordingly, two

15 surface wave resonators must be prupared and connected to
each other to achieve a8 trap characteristic at the two
frequency positions (the adjacent channal video signal
frequency f,, and the adjacent channel audio signal
frequency £.). ‘ '

29 An elastic surface wave resonator using
Rayleigh {wave} waves has been known as another type
surface wave resonator. This elastic surface wave

J resonator has two resonance characteristics although it
' usas 8 single resonator, as disclosed in "INTERNATIONAL

25 ELECTRICAL TECHNOLOGY REPORTM, No. 16, —{pp3}-pp. 1-7,
1992, for example. That is, there is known a double mode
resonator using a zero-order longitudinal mode
{fundamantal moede) and a second-order longitudinal mode
in a surface wave resonator filter using Rayleigh -fwave)-

30 wayeg, and two resonance characteristics are obtained by
this resonator. However, the double mode resonator needs
two or more IDTs and a reflectorxr. Further, in the double
mode resonator, the resonance characteristics are
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determined on the basis of the characteristic of
reflaction coefficient f=3and the frequency of the
reflectorf{—and}. Furthermore, a fregquency range where a
large raeflection coesfficient is obtained is narrow.

5 Thaerefore, the difference between thg two resonance
points is a very small value, for example, about {1MHz) 1
MHz in a range where an e¥cellent resonance

characterxistic is obtained{,—and-thus}. _Thus it is

impossible fthat)} to congtruct a double mode resonator
10 including two trap resonators which have such a

characteristic as shown in Fig. 1 and which have a large
frequency gap therebetween |is—eenstructed—by-only the
-doublomode—rasenater}. Therefore, it may be considered
that if two IDTs are {fermed} provided on the

15  piezoelectric substrate to form two resonance units in
the free edge reflective-type surface wave resonator
using BGS {wavel waves as described above, two resonance
characteristics can be obtained. However, in the free
edge reflective~type surface wave resonator using SH-type

20 surface fwavel waveg such as BGS -fwave} waves,
schematically shown in Fig. 3, the following relationship
is satisfied between the wavelength {3}\ of the IDT and

--) . the distance L of the two confronting free edges where
. the surface wave of the plezoelectric substrate is
25 reflacted:

L o f£{1/231(A/2) x N (N represents an integer)

Since the frequency difference batween £, and
£,. is large, the wavelengths -f3¥\ of the respective IDTs
fare}-_giffexr greatly {different) from each other. For

30 example, assuming the scund velocity of the P2T substrate

to be aqual to 2400m/s, -(lapilap for £, = t75-2¢m} 75.2
4m and flasi)as for f, ¥ [S59.44m} 59.4 um in case of the
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PAL system. Accordingly, tha value of the distance 1L
between the two confronting free edges is different
between the resonance unit having a resonance point at
the adjacent channel video signal frequency f,, and the
resonance unit having a resonance point at the adjacent
channel audio signal fraguency £,. That is, with respect
to the frea edge reflective-type surface wave rasonatorx
using SH-type surface.fwave,-it-has-baan-considered-as-
being-very}) waves, it is extremely difficult to form two
resonance units having different resonance freguencies on
the same su bstrate.

SUMMARY OF THE INVENTION

-tAn—objesctof the} The preferred embodiments of
present invention -fis—te} provide a free sdge
reflactive-type surface wave resonator using SH-type
surface -{wave} waves in which at legast two resonance
units having different resonance frequencies are

fabricated as a single unitary element.
~-{In order to-attain the above cohiject) More
-3 ifi in e ba 1 o

the present invention, a free edge reflective-type

surface wvave resonator for raflecting SH-type surface

—twave} wayes between two confronting free edges of a
piezoelectric substrate, includes a piezoelectric

substrate having {the} twe confronting free edges, and an
IDT {which—is—notonly) provided on the piezoelectric
substrate -fbut—alse—is} ipcluding a pluralitv of
electrode fingers being weighted by & cross width

weighting method or an electrode thinning method, wherein
the weighting is performed s¢ that an attenuation pole of
a main lobe is located {eows} putside of the frequency of

an attenuation pole of a fnormal-type IDT having thae-
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having the same number of electroda f-finger—pairs—er-the-
L -same—inter-substrate-dinension-of-electroda}- finger
pairs, and a resonance characteristic fdue—te} determined
Ry the main lobe and a resonance characteristic [due-to}
determined by the attenuvation pole of the normal f{typel}-
IDT are chtained.
10 That is, in the surface wave resonator of the
praferred embodiments of the present invention, twe or
more resonance characteristics are obtained with only a
single ¢lement by using the attenuation pols of the
normal -Eypej-IDT which is originally suppressed. The
15 SH-type surface wave in this specification is broadly
defined as containing not only BGS fwave} waves, but also
surface -fwave} wyaves like Love -{fwave) waves having a
component whose displacement is gubstaptialily
perpendicular to the propagation direction of the surface
20 —fwave] waves.
Further, the surface reschator of the praferrsd
_ embodiments of the prasent invention is preferably used
v ' to constitute a trap circuit at the picture intermediate
trequency stage of a television receiver or a video tape
25 recorder. That is, the posjitions of the respective
-attenuation poles as deascrikbed above are set so that one
of the plural resonance characteristics is set as the
adjacent channel video signal fregquency {f,) and another
resonance characteristic having a higher frequency is set
30 as the adjacent channel video signal frequency (f.),
whereby a trap circuit having traps at the adjacent
channel video signal frequency and the adjacent channel
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audio signal freguency can be constructed by a single
unitary elemsent.

As described above, the rescnance frequency t,
of the free edge reflective-type surface wave resonatoxr
using BGS—fwave)l-waves is determined as follows:

£, = vt €3} v/A (A represents the wavelength
of surface wave excited by the IDT, and v represents the
sound velocity of ths piezoelectric substrate)

Further, the dimension L connecting the two
confronting free edges of the piezoelectric substrate
—fmust—bae) ig preferably determined so as to satisfy the
eguation:

L =AM 2) ¥ n (n represents an integer).
Accordingly, when a resonator constituting a trap for the
adjacent channel) videe signal fregquency and a resonator
constituting a trap for the adjacent channel audic signal
frequency, which are used at the picture intermediate
frequency stage, are constructed by a free edge
reflective-type surface wave resonator, the valua of the
dimension L is different bstween the above two resonators
because they have greatly different wavelengths -f1l3).
Therefore, it has been hitherto considered as being
difficult to form twe resonators on the same chip of
substrate.

on the other hand, according to the preferred
epbodiments of the present invention, the weighting is
performed sc that the attenuation pole of the main lobe
of tha weighted IDT is located-feut} ocutside of the
fregquency position of the attenuation pole of the normal
{typel- IDT having the same number of electrode -f=3}finger
pairs. Accordaingly, plural rescnance characteristics are
obtained, which are the resonance characteristic
determined by the substrate dimension L as deseribed
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above, that is, the resonance characteristic {due—te}-

determined by the attenuation pole of the normal {typel—

IDT and the resonance characteristioc -{due to} detarmined
by the mpain lobe of the weighted IDT. That is, as is

S apparent from the foregoing description, by using the
resonance characteristic -{due—tol) determiped by the
welghted IDT and the characteristic determined by the
substyate dimension L, the free edge reflective-type
surface wave resonator having plural resonance

10 characteristics can ba constructed fin spite of its}
despite the fact that it has a single~element unitary

structures.
As described above, accexding to the preferred
epnbodiments of the present invention, a free edge
15 reflective-typa surface wave resonator which achiaves
plural resonance. characteristics {in spite of£] despite
its single-element unitarvy structure can be provided by
weighting tha IDT as described above, and -fthe}-an
optimum surface wave resonator can be provided tto—a—
20 ~-fisld-which—nheeds} for uyse in devices yequirjing two
resonance characteristics -flike} such as a trap circuit
~fat—tha} for a picture intermediate frequency stage.
Since two resonance characteristics are achieved and
provided by a single unitary element, the circuit

25 construction of a trap circuit{—ete~} and other devices
can be simplified and fa}-cumbersome connection work 9f

P
‘
S

several circuit elements can be omitted. In addition, -fa—
—space-for} the size of the trap circuit{—ete~} angd
similar devicaes can be effectively reduced.
30 h -1} illus ti th ti
here j W Wi v r
abo ch ) es a e it
t t se n ts t i
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a graph showing an
attenuation-freguency characteristic at a picture
intermediate frequency stage of a talevision receiver;

Fig. 2 is a perspective view showing a
coenventional free edge reflective-type surface wave
resonator using BGS {wavael} yavas:

Fig. 3 is a cross-sectional view showing -fa}—
the conventignal free edge reflective-type surface wave
resonator;

Fig. 4 is a diagram showing the frequency
spectrum of a normal -{-tg&pa-)—IDT;

Fig. 5.is a dlagram shewing the frequency
spectrun of a weighted IDT and the normal -feype} IDT;

Fig. 6 ia a diagram showing a free edge
reflective-typa surface wave resonator of -fam} a
prefexrrad embodimant of the present invention;

' Fig. 7 is a diagram showing an
impedance-frequency characteriatic of the free esdge
reflectiva-type surface wave resonator of the preferraeg
embodiment; and

Fig.. B is a djiagram showing an
attenuation-frequency characteristic of a trap filter
which is constructed by the free edge reflective-type
surface wave resonator of the preferred embodiment.

DETAILED DESCRIPTION OF (RHE}- PREFERRED ~{EMBODIMENT}—
EMBOQDIMENTS
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—hpraferredembodiment: Preferved ombodiments

according to the present invention will be described with
reference to the accompanying drawings.
Fig. 4 is a diagram showing the resonance

5 fraquency spectrunm of a normal ftype}-IDT in a free edge
reflaective-type surface wave rasonator using BGS -[wava}-
waveg. The resonance frequency spectrum of the ID?T is
descyribed in "Lecture Papers of Japan Acousti¢ Soclety,

—{pp3S1} pn,.. 381-352, issued on March, 1976{,—and—it-has

10 —been—well-knownl. The axis of ihe abscissa of Fig. 4
represents ths fregquency, and 2N, 2N-1,{—3 &tc. on the
axis of abscissa represent resonance points of 3 2Nworder
mode, (2N-1)-order mode,f+—} etc. The axis of the
ordinate represents an attenuation amount when the peak

15 of a main lobe is set to 0 4B,

As is apparent from Fig. 4, when a hormal
~fttype} IDT is used, the resonance mode of 2N-oxrder (N
represents an integer) can be excited by forming an IDT
having N pairs of electrode-{~finger} fingers on the

20 surface of the plezoelectric substrate. Further,
odd-number modes out of the other high-order modes, that
is, modes of (2N-1)-order, (2N-3)-order, (2N+i)-order and
(2N+3) -order ars not excited due to symmetry of the
electrode. With respact to the aven-number modes, as is

25 apparent from Fig. 4, the resonance frequency is
coincident with the attenuation pole of the freguency
characteristic of the IDT having N pairs of electrode
fingexrs so that these modes are not excited. That is,
the even-number modes of (2N-2)-order, (2N-4)-order,

30 (2N+2) -order, (2N+4)-order, etc. are not excited.
Accordingly, only the 2N-order mode is excited in the
free edge reflective-type surface wave rasonator on which
the normal -{type}- IDT is formed as shown in Fig. 2, and
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thus a reschator fwhich—isy _having relatively little

spurious can be formed. However, as described ahove,
only a single resonance characteristic can ba obtained by
the surface wave resonator shown in Fig. 2.

5 On the other hand, according to the praferred
embodjments of the present invention, plural resonance

characteristics can be obtained by wasighting the IDT as
described. A welghting method will be hereunder
describved with reference to Fig. 5.

10 A solid line A of Fiq. 5 represents the
frequency spectyum of the IDT when the IDT is subjected
to a cross width weighting according to the preferred
enbeodiments of the present invention, and a broken line B
of Fig. {83 § represents the frequency spectrum of a

15 normal {t¥ped IDT having the same number of eslectrode

~f-}fingexr pairs as the cross width weighted IDT. 2N,
2N-1, etc. represent the positions of resonance points of
the 2N-order mode, the (2N-1)-order mode, atc. The
attanuation pole of the main lobe of the IDT which is

20 subjscted to the cross width weighting as described above
is formed out of the attanuation poles 2N+2, 2N-2 of the
main lobe of the normal {type} IDT.

J In ths cross-width weighted frequency spectrum
A, the attenuation amount is relatively small in the

25 (2N-2) ~order and (2N+2)-~order modes, and thus it is
apparent that the excitation ¢can be achieved in these
modes. In {this} the preferrad smbodiments of the
nzgégn; invention, plural resonance characteristiocs ara
achieved by using the nearest resonance characteristics

30 in the excited even~number modas.

—+Fig-6} Fig. 6 shows an exanmple of the
weighting of the IDT having the frequency spectrum
indicated by the solid line A jin Fiq. 5. The free adge
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reflactive~type surface wave resonator 11 shown in Fig. 6
has a pair of comb-shaped electrodes 13 and 14 ffermed}

provided on a piezoelectric substrate 12. An IDT is
constyucted by these comb-shaped electrodas 13 and 14.
L3 As is apparent frowm Fig, 6, the IDT alactrode is

subjected to the cross width weighting. Thes degree of
the weighting is selected so0 as to provide the freguency
spectrum indicated by the solid line A in Fig, S as
described abovef—howevar). owevey, the manner of ths

10 weighting to achisve the frequency spectrum indicated by
the solid line A is not limited to that of Fig. é. That
is, the IDT having the freguency spectrum indicated by
the solid line A of Fig. S may be formed by another
alectrode having a different shape from that of the

15 comb-shaped electrodes 13 and 14 shown in Fig. 6. The
welghting may be performed by a thinning electrode
method. This weighting method has been well known, and
it is described at pages 66 to €8 of YELASTIC SURFACE
WAVE ENGINEERING" supervised by Inuo Shibayama

20 (Electrical Information Communication Society
Corporation), for example.

The free edge raflective~type surface wave
V) resonator 11 shown in Fig. 6 has fthe-same)y 3 similar
' ' construction as the free edge reflective-type surfacs

23 wave resonator shown in Fig. 2, except that the IDT is
weighted in the manner as described above. Therefore,
the same dascription of the sams or corresponding
elements as that of Flg, 2 is applied, and thus the
detailed description thereof is omitted.

30 Fig. 7 is a graph showing an
inpedancae-frequency charactaristic of the free edge
reflective~-type surface wave resonator 11 using the
crass-width weighted IDT as indicated by the solid line A
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of Fig. S. As is apparent from Fig. 7, three resonance
characteristics as represented by FR1, FR2 and FR3 are
obtained. The FR1 represents ths resonance point due to
“spurious" corxrresponding to the (2N-2)-order mode in the
5 frequency spectrum of the normal -fzypel} IDT which is
determined by the substrate dimension as described above,
the FR2 represents the resonance point of a resonance
characteristic of the 2N~order mode of the main lobe of
the cross-width weighted IDT, and tha FR3 represents the
10 resonance point of a resonance charactaristic of the
(2N+2) ~ordex mode. AS is apparent from Fig. 7, three
resonance characteristics can be obtained. Two traps can
be constructed by using any two resonance pointsg, for
example, the resonance points FR1l and FR2.
is For example, if the free edge reflective«typa
surface wave resanator 11 is constructed se that the FR1
corresponds to the adjacent channel video signal
frequency at the picture intermediats stage and the FR2
corresponds to the adjacent channel audio signal
20 fraguency at the picture intermadiate stage, the
attenuation-freguengy characteristic shown in Fig. 8 can
be achieved.
~ That is, the wavelength of the IDT is
' determined in accordance with the adjacent channel audio
25 signal frequency, and the number of slectrode {—}finger
pairs s derermined in accordance with the adjacent
channel video signal freguency. FPurther, the IDT is
weighted so that the attenuation poles are located {out}
gutside of the attenuation poles of the normal ftypa) IDT
30 having the same number of pairs, whereby a rssonator
having two resonance characteristics with a single
slemant can be provided,

Lot
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BHAT IS CLAIMED IS

1. A free edge reflective-type surface wave
resonator for reflecting SH-typs surface -{Wave} vaves
betwsen two confronting frea edges of a piezoelectric

substrate, -Hncluding) the free edag reflective-tyne

s w F :

a piezoelectric substrate having two
confronting free edges; and

an interdigital transducer fwhieh—is—
—formad} _p:ngggd on said piezoslectric substrate{,—and-

cross widths that are weighted so that an attenuation

pole of a main lobe is located fout} outside of {the) a
frequency position of an attenuation pole of a main lobe

of fa-normal-type} an unweighted interdigital transducer
having -tthe-number—of-@lectrode—£fingerpairs—vhich-is-
~determined-by)k the same number of electrode f-}finger

pairs as said interdigital transducer or the same
inter-substrate dimension as said interdigital
transducar, {and} said cross widths of said electrode
fingers being weiahted such that a resonance
characteristic—{dwe-to tha) gf a main lobe and {thel} 3
Yesonance characteristic {dua-sSo-the) aof an attenuation
pole of the_{rnorpal—type} _uUnvaighted interdigital

transducer are obtained.

2. The ‘surface wave resonator as claimed in
€laim 1, wherein said surface wave resonator comprises a

llllllll IHII! lllll illll ll IIII
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resonator which constitutes a trap circuit at a picture
intermediate frequency stage of a television receiver,

and one of -fplural} a plurality of freguency

characteristics corresponds to an adjacent channel video

5 signal frequency and another of the -tplurall plurality of
frequency charac_teristics which has a higher frequency
an_sa o u it r

characteristics corresponds to an adjacent channel audio
signal frequency. '
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