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i nvention relates a free edge reflective-type surface

resonat or using SH—type as BGS waves, Love waves or the

l'i ke, and particul arl y g‘w{{ee éipg 5g\1f|)ect|ve type surface wave

resonator in mhlch pIur 'resonance units fare fabricated as a single

unitary el enent. 2. Descrlptron of Related Art A television rece®Ak?1-300

vi deo tape recorder, and other simlar devices have been required to
sufficiently attenuate

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 elemant.

. 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 ...

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

[

3a the adjacent channel audio signal frequency f, as
SFEC 48104
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(40.4 MHz in European PAL systen) at a picture internediate frequency stag
thereof in order to avoid any obstruction between adjacent channels. Fig. 1
I's a graph showing an attenuation-frequency characteristic at the
picture internedi ate frequency stage. It is apparent fromFig. 1 that the
attenuation is relatively large at the adj acgnt channel video signal
frequency [err] and the adjacent channel audio signal frequency [err] In
order to keep the attenuation |large at the adjacent channel video signal
frequency [err] and the adjacent channel audio

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.

QU2

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 angd 4 are -fermed} 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 are
excited on the free edge reflective~type surface wave
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Y gnalBﬁG%%@éﬂdﬁﬁ%ﬁrﬂﬂa&M&Wfﬂﬂh above, twd kBRI N ETH fhps have bdén

used. One Jdf Phre¥ cofvetht TN 198aiP8l has a | aPSTROLENE.FMBFRt i on at t he adj aceRiuor-aa.
channel video signal frequency [err] and the other conventional trap has a
| arge attenuation at the adjacent channel video signal frequency [err] Each
of the conventional traps is constructed by an LC resonance circuit, a
pi ezoel ectric resonator, etc. Wth respect to the piezoelectric resonator
which is used for the above purpose, nuch atention has been paid to a
pi ezoel ectric resonator using SHtype surface waves such as BGS waves. Fig.
2 is a perspective view showing a free edge reflective-type surface wave
resonat or usi ng BGS waves.

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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pi ezoel ectric substrate 2 having a substantially rectangular flat surface.
The piezoelectric substrate 2 is forned of piezoelectric material such as
pi ezoel ectric ceramc of I|ead titanate zironate, LiNoC3

- 4 -

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

characteristic is obtained{,—and-thusj. _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:

s f3A23(NL2) 2 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
4mn and flas}las for f, ¥ [59.44m} 59.4 um in case of the
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substrate 2% ®-Por nkdof Fyli eroedsecdsii C cer anuSiroliiR, SpRStrate 2 |s o
subjected to a polarization treatnment in a direction as indicated by an @oos-az
arrow P in Fig. 2. A pair of conb-shaped electrodes 3 and 4 are provi ded on

t he upper surface 2a of the piezoelectric substrate 2 to form an

interdigital transducer (hereinafter referred to as "IDT"). Each of the
conb-shaped el ectrodes 3 and 4 has plural glgcirode fingers 3a to 3c and 4a

to 4c, respectively. By applying an alternating voltage through the conb-
shaped el ectrodes 3 and 4, BGS waves are excited on the free edge
reflective-type surface wave resonator 1, and the BGS waves

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

5 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
10 resonance units having different resonance freguencies on

the samae substrate.

SUMMARY OF THE INVENTION
thn—objactof the} The preferred embodiments of
present invention -fis—te} provide a free sdge
15 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 tha above object) More
20 & ifi in e bo e o

the present invention, a free edge reflective-type

- B surface wvave resonator for raflecting SH-type surface
—twave} wayes between two confronting free edges of a
piezoelectric substrate, includes a piezoelectric

25 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 a cross width
weighting method or an electrode thinning method, wherein

20 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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substrate 2. The free edge reflective-type surface wave resonator 1 can

obtain an effective resonance characteristic by setting the frequency

determ ned by the IDT and the frequency determ ned by the di nension between
the free edges to be substantially equal to each other. However, the free

edge reflective-type surface resonator onlwy thas a single resonance
characteristic like an LC resonance circuit and other types of

pi ezoel ectric resonators. Accordingly, two surface wave resonators nust be
prepared and connected to each other to achieve a trap characteristic at

t he -nupber—of-electrods=finger pairse which-is determined—by}-
. 1] " W rei i“" ain + 2 3
v ua o wi w Q i

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 described above are st so that one
of the plural resonance characteristics is set as the
adjacent channel video signal frequency {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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wave resonator using Rayl ei gh waves has been known as anot her type surface B
wave resonator. This elastic surface wave resonator has two resonance
characteristics although it uses a single resonator, as disclosed in
"I NTERNATI ONAL ELECTRI CAL TECHNOLOGY REPCRT", No. 16, pp. 1-7, 1992, for
exanple. That is, there is known a doublejnude resonator using a
zero-order |ongitudinal node (fundanental node) and a second- order
| ongi tudi nal node in a surface wave resonator [err]

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:

£, = fv/1 €1} v/A (N 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

10 confronting free edges of the piezoelectric substrate
~mwust-bat 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

15 adjacent channel vidao 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

20 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
' gubegrate.

25 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

o {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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characteristics are oﬁ 269* P resonat%?“ﬂm%MéW¥R t he doubl e node @e612-92.
resonator needs two or nore IDTs and a reflector. Further, in the double

node resonator, the resonance characteristics are determi ned on the basis

of the characteristic of reflection coefficient and the frequency of the
reflector. Furthernore, a frequency range where a large reflection

coefficient is obtained -8 -

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, accerding 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 resonahce 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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resonance characteristic is obtained. Thus, it is inpossible to const ruct 213702
doubl e node resonator including two trap resonators which have such a
characteristic as shown in Fig. 1 and which have a | arge frequency gap

t herebetween. Therefore, it may be considered that if two |IDIs are provided

on the piezoelectric substrate to formtwq rgesonance units in the free edge

refl ective-type surface wave resonator u3|ng BGS waves as descri bed above,

two resonance characteristies can be obtained. However, in the free edge
reflective-type surface wave resonator using SHtype surface waves such as

BGS waves, .

i [ d U ar em s a n m 1j 2
shown in the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a graph showing an

5 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:

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

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

15 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;

20 ' Fig. 7 is a diagram showing an

\ impedance-frequency characteristic of the free edga
' reflectiva-type surface wave resonatoxr of the preferred
embodiment; and
Fig.. B is a djiagram showing an
25 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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bet ween t he"{i8YEF endt:R2 XFo¥ 2thesd Diviand t he dimbaRgerbef the two I
confronting free edges where the surface wave of the piezoelectric @o1d-0z
substrate is reflected: [err](N represents an integer) Since the frequency
difference between [err]is large, the wavel engths [err] of the respective
| DTs differ greatly fromeach other. For exanple, assum ng the sound
velocity of the PZT substrate to be equal -t §02400m's, [err] for [err] =
75.2 [err] and [err] for [err] = 59.4 [err] in case of the PAL system
Accordingly, the value of the distance L between the two confronting free
edges is different between the resonance unit having a resonance poi nt

—h-preferred-embodiment} Preferved agmbodiments
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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,‘F edgerer afvk eatizne-Bype sur f acSTREES.F&EBnat or using SH-typ =
surface waves in which at |east two resonance units having different
resonance frequencies are fabricated as a single unitary elenent. Mre
specifically, according to the preferred enbodi nents of the present
invention, a free edge reflective-type surface wave resonator for
reflectlng SHtype surface waves between twpaconfronting free edges of a
pi ezoel ectric substrate, includes a piezoelectric substrate having two
confronting free

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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nmet hod or an electrode t hi nni ng nmet hod, wherein the weighting is perforned
so that an attenuation pole of a main Iobe is located outside of the
frequency of an attenuation pole of a "normal™ |IDT (wherein "normal" refers
to an unwei ghed | DT havi ng equal cross w dths between el ectrode fingers)
havi ng the sane nunber of electrode finger pairs, and a resonance
characteristic determ ned by the main | obe™ dd~a resonance characteristic
determ ned by the attenuation pole of the normal |IDT are obtained. That is,
In the surface wave resonator of the preferred

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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obt ai ned wi*PH3oll y 1&°¥i myfee18|demexst by usi ngosTheest Fesprat i on pol e of the Q01802
nornmal I DT which is originally suppressed. The SH-type surface wave in thrs —
specification is broadly defined as containing not only BGS waves, but also
surface waves |ike Love waves having a conponent whose displacenent

I's substantially perpendicular to the propagation direction of the surface
waves. Further, the surface resonator of the preferred enbodi nents of the
present. invention is preferably used to coffsiftute a trap circuit at-the
picture intermedi ate frequency stage of a television receiver or a video

tape recorder. That is,
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adj acent channel 'video signal frequency [err] and another resonance
characteristic having a higher frequency is set This is the repl acenent
sheet Date: 1 9 NOV 1996 [err] -5- as the adjacent channel video signal
frequency [err], whereby a

5 - as Been Reﬁaced

"

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

5 8 w a H

a piezoelectric substrate having two
confronting free edges; and

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

10
gross widths that are weiahted so that an attenuation
15 pole of a main lobe is located fout} outside of {the) a

frequency position of an attenuation pole of a main lobe
of ja-normal-type} an unweighted interdigital transducer
having -fthe-number—eof-electreode—~fingerpairs—vwhich—is-
~determined-by)k the same number of electrode f-}finger

~b pairs as said interdigital transducer or the same
inter-substrate dimension as said interdigital
transducar, {and} said cross widths of said electrode
fingers being weighted such that a resonance
characteristic—{dwe-to tha) gf a main lobe and {thel} 3

25 '~ xesonance characteristic {dus-%o the} of 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

KPEENI4b 6
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and the ad]’at%ft cHarhefA%athkti Pést8hal fr equeTTRUENEFABRR constructed by a @o20:023

single unitary elenment. As described above, the resonance frequency [err]

of the free edge reflective-type surface wave resonator using BGS waves is

determned as follows: [err]r epresents the wavel ength of surface wave
laced

excited by the IDT, and v represents the sound velocity S. as Been Ry
pi ezoel ectric substrate) Further, the dimeasjgn L connectii" j
confronting free edges of 'the piezoelectric substrate is

determ ned so as to satisfy the equation:

resonator which constitutes a trap circuit at a picture
intermediate frequency stage of a television receiver,

and one of -fplural} -] g e
characteristics corresponds to an adjacent channel video
5 signal frequency and another of the -tplurall plurality of

fraguency charac_teristics which has a higher frequency

M&thmgmﬂ

characteristics corresponds to an adjacent channel audio
signal frequency. '
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resonator constituting a trap for the adjacent channel audi o signal
frequency, which are used at the picture internediate frequency stage, are
constructed by a free edge reflective-type surface mave resonator t he

value of the dinmension L is different between the aboys m&ﬁ
because they have greatly different wavel engyhs [err] has
been hitherto considered as being difficult to formt ﬁt the
same chip or substrate. On the other hand, according t

P/1071-100

ST : D

A free ¢dge reflective-type surface wave
resonator for reflecting SH~type surface {wavel) wAvVES
between two confronting free edges of a piezoelectric
substratef,—inciudingd includes a piezoelectric substrate
having {the}- two confronting free edges{,—and-an IDYT
-{interdigital-transducery—whiech—is> gng_g__in;g;glgiggl

U vi i [ 21 av
cross widths whigh ere weighted by a cross width
weighting method or an slectrode thinhing methed. The
weighting of the cross widthsg is performed so that an

attenuation pole of a main lobe is located feout} gutside
of {the} a freguency of an attenuation pola of a normal

-£5ypa) non-weightad IDT which has the same number of

electrode {-3finger pairs as the weighted IDT, and plural

resonance characteristics{,—that—iaj}, _Consequently, a

resonance characteristic fdue—te) determined by the main

lobe and a rssonance characteristic {due—te} datermined
- : by the attenuation pola of tha normal {type} IDT are .

obtained,
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. 4 FRQO
embodi BEASAIGBN 14145 pf £ TN TFBHIEDN, t he wei gREiREgT5EdYverfet rfid so t hat P20
the attenuation pole of the main |obe of the weighted IDT is |ocated
outside of the fr =(0Fi g 5ol Jof f he attenuati on pole of the nO(W§| | DT
havi ng the sane nugggé of electrode finger palrs. Accordingly, ptuara
resonance char act eFESHZch AR obt ai ned, which are the resonance

characteristic detgﬁﬂgﬁed by the substrate dinension L as descri bed above,
that is, the reson characﬂégleic determ ned by the attenuation pol e of

the normal 1DT and the resonanc€ characteristic determ ned by the main |obe
of the weighted IDI. That is, as is apparent fromthe foregoing
description, by using the reso;gnce characteristic determ ned by the

tic determ ned

wei ghted | DT and thq,gharacteo
Q
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by thegfﬁﬁ&%ﬁﬁﬁdﬂ dlﬁ rﬁ‘-‘ilﬂdd,/ﬂ (FAMEETIree edge re} FeiiLidre¥ iy g3ty ace wavePll
resonat or having plural resonance characteristics This is the repl acenent
sheet Date: 1 $RES0DP 9 3 BEPYAGEVENT SHEET - 6- can be constryof gd
despite the fact that it has a single-elenent-unitary structure. AS

descri bed above, o Hi ng to the preferred :
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descri bed above, and an optinmum suriace wave Tesomator——can beprovidet f or

use i n devices recﬁﬂlrﬁihg two resonance characteristics such as a trap

circuit for a picture internedi ate frequency stage. Since two resonance

characteristics are achi eved and provide& by a single unitary elenent, the
ddd hef g

circuit constru?téqog'of atrap circuit a 3J8vi ces, can be sinplified
nelc several_dircui} el

and cunber sone tion work S can be omtted.
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r educ BAEOF0BH (HHd : 4Buidoie - M(FAMAET) at i ng t he iR kDY FEdefts shown k3

the drawi ngs several preferred enbodi nents which are presently preferred,
it being understodﬁﬁlﬁﬁiEﬂBEL$ﬁeﬁéh1!]nvention is not limted to the4)
preci se structural agngenents and instrunentalities shown in the

drawi ngs. BRI EF DEggkﬁaTICN OF THE DRAWNGS Fig. 1 is a graph show ng an
attenuation-frequency characteristic at a picture internedi ate frequency
stage of a television receiver; Fig. 2 is a perspective view showi ng a

conventional free edge reflectiqq-type surface wave rebdnator using BGS

waves; . \ J
Fig. b |
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Fig. 3'36§03406H m)sH ‘s'bcﬂﬁ &5héll7x/'\)‘|(%‘\!&‘lﬁi’bvm ng the cdtly ERkBBMEY: Fride{Bdge
reflective-type surface wave resonator; Fig. 4 is a diagram show ng the
frequency spectru 19 $ 10 ¢Fiﬂg 5 is a diagram show ng the ¢5)
frequency spectrum e,,al\/\/el ght ed | DT and the normal ITDT; FIig. 6 1S a

di agram showng a f dge re lgrc]t7ve type surface wave resonator of a
preferred enbodi nent of the pres I nvention; Fig. 7 is a diagram show ng

an i npedance-frequency characteristic of the free edge reflective-type
surface wave This is the replacenent sheet
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W’ REPLACEMENT SHEET
Date: 1 9 NOV 1996 REPLACEMENT SHEET -7- resonator ®f the preferred

enmbodi nent; and Fig. 8 is a diagram showi ng an attenuation-frequency
Characteristic of a trap filter which is construct ed by tihe.free. edge ,'",'W" SG
refl-ective- type surface wave resonator 10f- the prefefred. enbodi. msnt_ Lt pdged o
DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS Y SR L to paeed
SURFACE WAVE RESONATOR & ./ ., .. . ..

BACKGROUND OF THE INVENTION ' | -
P2 ~ L1281
1. Field of the Invention | 1278 OF RECEIPT WM ...

The present invention relates to a free edge
reflective-type surface wave resonator using SH-type surface
waves such as BGS waves, Love waves or the like, and particularly
to a free edge reflective-type surface wave resomator in which
plural resonance units are fabricated as a single unitary

element.

2, Description of Related Art

.A television receiver, a video tape recorder, and other
gsimilar devices have been required to sufficiently attenuate
signals at an adjacent channel video signal frequency £,, (31.%
MHz in European PAL system) and the adjacent channel audio signal
frequency f,, (40.4 MHz in European PAL system) at a picture
intermediate frequency stage thereof in order to avoid any
obstruction between adjacent channels. Fig. 1 is a graph showing
an attenuation-frequency <characteristic at the ©picture
intermediate frequency stage. It is apparent from Fig. 1 that the
attenuation is relatively large at the adjacent channel video
signal frequency £, and the adjacent channel audio signal
frequency f£,,.

In order to keep the attenuation large at the adjacent
channel video signal frequency f,, and the adjacent channel audio
signal frequency £f,, as described above, two convehtional traps
have been used. One of the conventional traps has a large
attenuation at the adjacent channel video signal frequency £,
and the other conventional trap has a large attenuation at the
adjacent channel video signal £frequency £,.. Each of the
conventional traps is constructed by an LC resonance circuit, a
piezoelectric resonator, etc.

With respect to the piezoelectric resonator which is
used for the above purpose, much attention has been paid to a
piezoelectric resonator using SH-type surface waves such as BGS
waves. Fig. 2 is a perspective view showing a free edge
reflective-type surface wave resonator using BGS waves. '

A free edge reflective-type surface wave resonator 1

This i; the replacement sheet
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Preferred enbodi nents according to the present invention will be described
with'reference to the acconpanying drawings. Fig. 4 is a diagram show ng
t he resonance frequency spectrumof a normal IDT in a free edge
refl ective-type surface wave resonator- @si-ng BGS waves. The resonance
frequency spectrumof the IDT is described in "Lecture Papers of Japan
Acoust i c iSociczmetrygted5bB52a |ipierdebechhich, sub28rathe aAxi bavfinghea

absci ssa é&ﬁ:é@&t:‘%fﬁpreﬁ?@é& ;reﬂyg?cysugggcgN el SE%zo%'ieth %XI S

of abscissa represent” resonance g0|nts 0 der node, )-or

node, et BUPRHEFaES s Hf itthe fordacht ©F eﬁ%ﬁ@%%tmﬁ% aFoEh \ﬂﬁ’en
the peak pifezbedlRidtdidbe ¢éramict 0Oo# lead titanate zironate, LiNboO,

piezoelectric monocrystal, LiTaO, monocrystal or the like. When
the substrate 2 is formed of piezoelectric ceramic, the substrate
2 is subjected to a polarization treatment in a direction as
indicated by an arrow P in Fig. 2. A pair of comb-shaped
electrodes 3 and 4 are provided on the upper surface 2a of the
piezoelectric substrate 2 to form an interdigital transducer
(hereinafter referred to as "IDT"). Each of the comb-shaped
electrodes 3 and 4 has plural electrode fingers 3a to 3c and 4a
to 4c, respectively.

By applying an alternating voltage through the comb-
shaped electrodes 3 and 4, BGS waves are excited on the free edge
reflective-type surface wave resonator 1, and the BGS waves
propagate in a direction as indicated by an arrow X in Fig. 2.
The BGS waves are reflected between the free edges 2b and 2¢ of
the piezoelectric substrate 2. The free edge reflective-type
surface wave resonator 1 can obtain an effective resonance
characteristic by setting the frequency determined by the IDT and
the frequency determined by the dimension between the free edges
to be substantially equal to each other.

However, the free edge reflective-type surface
resonator only has a single resonance characteristic like an LC
resonance circuit and other types of piezoelectric resonators.
Accordingly, two surface wave resonators must be prepared and
connected to each other to achieve a trap characteristic at the
two frequency positions (the adjacent channel video signal
frequency £,, and the adjacent channel audio signal frequency
£.) .

An elastic surface wave resonator using Rayleigh waves
has been known as another type surface wave resonator. This
elastic surface wave resonator has two resonance characteristics
although it uses a single resonator, as disclosed in
"INTERNATIONAL ELECTRICAL TECHNOLOGY REPORT", No. 16, pp. 1-7,
1992, for example. - That is, there is known a double mode
resonator using a zero-order longitudinal mode (fundamental :hode)
and a second-order longitudinal mode in a surface wave resonator

This is the replacement sheet
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dB. As is apparent fromFig. 4, when a normal IDT is used, the resonance
pode of "2N-order (N represents an integer) can be excited by formng an | DT
having N pairs of electrode fingers on the surface of the piezoelectric
substrate. Further, odd-number npdes-oat-of the other high-order nodes,
that is, nodes of (2N-1) - order, (2N-3)-order, (2N+1)-order and

(2N+3) - fillerransing Raylidigh dwveasy Indetwy opésomancet echapacteyishiesspect

to the Séés.“‘gﬂﬁgﬁﬁegggﬁm 14 S ARHAYr [ T §0Javer,4 thile 888BMN&NCRode

frequency i s col nci the attenuation pole of the frequeng
char act sesonaEost nerds| BY° (R MAF eNIPERr 30812 S ITRF  FHF rsol%/‘hﬁlf‘et hese
nodes ageuBlle exddeLd . redvatdy, t bh&Veresonance characteristics are

determined on the basis of the characteristic of reflection
coefficient and the frequency of the reflector. Furthermore, a
frequency range where a large reflection coefficient is obtained
is narrow. Therefore, the difference between the two resonance
points is a very small value, for example, about 1 MHz in a range
where an excellent resonance characteristic is obtained. Thus,
it is impossible to construct a double mode resonator including
two trap resonators which have such a chafacteristic as shown in
Fig. 1 and which have a large frequency gap therebetween.
Therefore, it may be considered that if two IDTs are provided on
the piezoelectric substrate to form two resonance units in the
free edge reflective-type surface wave resonator using BGS waves
as described above, two resonance characteristics can be
obtained. However, in the free edge reflective-type surface wave
resonator using SH-type surface waves such as BGS waves,
schematically shown in Fig. 3, the following relationship is
satisfied between the wavelength A of the IDT and the distance
L of the two confronting free edges where the surface wave of the
piezoelectric substrate is reflected:
L = (A/2) x N (N represents an integer)

Since the frequency difference between £, and £, is
large, the wavelengths A of the respective IDTs differ greatly
from each other. For example, assuming the sound velocity of the
PZT substrate to be equal to 2400m/s, Aap for £,, = 75.2 pm and
Aas for £,, = 59.4 um in case of the PAL system. Accordingly, the
value of the distance L between the two confronting free edges
is different between the resonance unit having a resonance point
at the adjacent channel video signal frequency f£f,, and the
resonance unit having a resonance point at the adjacent channel
audio signal frequency £,,. That is, with respect to the free
edge reflective-type surface wave resonator using SH-type surface
waves, it is extremely difficult to form two resonance units

having different resonance frequencies on the same substrate.

This is the replacement sheet
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nunber nodes of (2N-2) -order, (2N-4) -order, (2N+2) -order, (2N+4) -

order, etc. are not excited. Accordingly, only the 2N-order node is excited

in the free edge reflective-type surface wave resonator on which the nornal
IDT is formed as shown in Fig. 2, and thus a resonator having relatively
little spurious can be fornmed. However, as described above, only a single

r esonanGENMAR Y QR I'THE | INVENTION obt ai ned by the surface wave resonator

shown in Fig. 2. THiS dradditds %gﬁgﬁgtntsshggtpnggeeﬁt invle%tl\zl.% ]ig'%fxsride
a free edge reflective-type surface wave resonator using SH-type
surface waves in which at least two resonance units having
different resonance frequencies are fabricated as a single
unitary element.

More specifically, according to the preferred
embodiments of the present invention, a free edge reflective-type
surface wave resonator for reflecting SH-type surface waves
between two confronting free edges of a piezoelectric substrate,
includes a piezoelectric substrate having two confronting free
edges, and an IDT provided on the piezoelectric substrate
including a plurality of electrode fingers being weighted by a
cross width weighting method or an electrode thinning method,
wherein the weighting is performed so that an attenuation pole
of a main lobe is located outside of the frequency of an
attenuation pole of a "normal" IDT (wherein "normal" refers to
an unweighed IDT having equal cross widths between electrode
fingers) having the same number of electrode finger pairs, and
a resonance characteristic determined by the main lobe and a
resonance characteristic determined by the attenuation pole of
the normal IDT are obtained.

That is, in the surface wave resonator of the preferred
embodiments of the present invention, two or resonance
characteristic are obtained with only a single element by using
the attenuation pole of the normal IDT which is originally
suppressed. The SH-type surface wave in this specification is
broadly defined as containing not only BGS waves, but also
surface waves like Love waves having a component whose
displacement is substantially perpendicular to the propagation
direction of the surface waves.

Further, the surface resonator of the preferred
embodiments of the present invention is preferably used to
constitute a trap circuit at the picture intermediate frequency
stage of a television receiver or a video tape recorder. That is,
the positions of the respective attenuation poles as described
above are set so that one of the plural resonance characteristics
is set as the adjacent channel video signal frequency (fap)- and.
another resonance characteristic having a higher frequency is set
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REPLACEMENT SHEET On the other hand, according to the preferred enbodi ments
of the present invention, plural resonance characteristics can be obtained
by weighting the IDT as described. A weighting method will be hereunder
described with reference to Fig. 5. A ®ol-id line Aof Fig. 5 represents the
frequency spectrum of the IDT when the IDT is subjected to a cross width

wei ght i 3§ d®rafinrent t¢hannel crider enboria hefiteqeénene (F1,25 ewherebenti on,

and a breken diduik Hatidy OrdfP'L£eC0he h85abLROVERSNSRCGLEYD 8 R 00T M

| DT hawf”r%cfu%%csyag%dn %Egegdgfacgnte:cél'rxggr?el audio signal frequency can be
constructed by a single unitary element.

As described above, the resonance frequency £., of the
free edge reflective-type surface wave resonator using BGS waves
is determined as follows:

£, = v/X (A represents the wavelength of surface wave
excited by the IDT, and v represents the sound velocity of the
pPiezoelectric substrate)

Further, the dimension L connecting the two confronting
free edges of the piezoelectric substrate is preferably
determined so as to satisfy the equation:

L = (A/2) x n (n represents an integer).

Accordingly, when a resonator constituting a trap for the
adjacent channel video signal frequency and a resonator
constituting a trap for the adjacent channel audio signal
frequency, which are used at the picture intermediate frequency
stage, are constructed by a free edge reflective-type surface
wave resonator, the value of the dimension L is different between
the above two resonators because they have greatly different
wavelengths A. Therefore, it has been hitherto considered as
being difficult to form two resonators on the same chip or
substrate.

On the other hand, according to the preferred
embodiments of the present invention, the weighting is performed
so that the attenuation pole of the main lobe of the weighted IDT
is located outside of the frequency position of the attenuation
pole of the normal IDT having the same number of electrode finger
pairs. Accordingly, plural -resonance characteristics are
obtained, which are the resonance characteristic determined by
the substrate dimension L as described above, that is, the
resonance characteristic determined by the attenuation pole of
the normal IDT and the resonance characteristic determined by the
main lobe of the weighted IDT. That is, as is apparent from the
foregoing description, by using the resonance characteristic
determined by the weighted IDT and the characteristic determined
by the substrate dimension L, the free edge reflective-i:ype
surface wave resonator having plural resonance characteristics
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finger pairs as the cross width weighted IDT. 2N, 2N-1, etc. represent the
;posi ti ons of resonance points of the 2N-order node, the (2N-1) -order node,
etc. The attenuation pole of the main | obe of the IDT which is subjected to
the cross width weighting as descri bed @beve is formed out of the
attenuation poles 2N+2, 2N-2 of the main |lobe of the normal IDT. In the

CroSs- W el %l%%@r#¢%%ﬂle¢ﬂgpls%cﬂhﬁjrﬁa§t thataitchasata gringiereléement
rel ativelys 688! stPubBar&2N- 2) - order and (2N+2)-order nodes, and thus it is
apparent that the §XC|§%t|on ca achi eved |n .these nodes. In the

es

preferred embodi SERELH OVEny e RCESR I1PCur & ¢ ddhaRTeLerTed
char act eembddinente @f tihepebyntsimgen tibomed Exer €498 areil edtaiaetefpesti CS
in the surface wave resonator which achieves plural resonance
characteristics despite its single-element unitary structure can
be provided by weighting the IDT as described above, and an
optimum surface wave resonator can be provided for use in devices
requiring two resonance characteristics such as a trap circuit
for a picture intermediate frequency stage. Since two resonance
characteristice are achieved and provided by a single unitary
element, the circuit construction of a trap circuit and other
devices can be simplified and cumbersome connection work of
several circuit elements can be omitted. In addition, the size
of the trap circuit and similar devices can be effectively
reduced.

For the purpose of illustrating the invention, there
is shown in the drawings several preferred embodiments which are
presently preferred, it being understood that the present
invention is not limited to the precise structural arrangements

and instrumentalities shown in the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

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

Fig. 2 is a perspective view showing a conventional
free edge reflective-type surface wave resonator using BGS waves;

Fig. 3 1is a cross-sectional view showing the
conventional free edge reflective-type surface wave resonator;

Fig. 4 is a diagram showing the frequency spectrum of
a normal IDT;

Fig. 5 is a diagram showing the frequency spectrum of
a weighted IDT and the normal IDT;

Fig. 6 is a diagram showing a free edge feflective-type
surface wave resonator of a preferred embodiment of the present
invention;

Fig. 7 is a diagram showing an impedance-freqﬁency
characteristic of the free edge reflective-type surface wave
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excited even-nunber nodes. Fig. 6 shows an exanple of the weighting o

| DT having the frequency spectrumindicated by the solid Iine Ain Fig. 5.
The free edge reflective-type surface wave resonator 11 shown in Fig. 6 has
a pair of conb-shaped el ectrodes 13 ard714 provi ded on a piezoelectric
substrate 12. An IDT I's constructed by these conb-shaped el ectrodes 13 and
14. As |§e§ﬁ‘ﬁ‘ért€r¥t FReRFef@raase epbpddimentti;odad s subj ected to the cross

wi dth weighting. Tirgled egs of afgg%ggﬁbggn Sa ﬁegg\ggﬁgﬁﬁgoﬁsftrgqgr gvi de

C
the frequenc ec.tru.ml d| cat ed t he sol &SCYi bed
above. N %@\‘%F e aoF*#Re %/\H%ﬁt“l’ lld-samnc?\?:é'“ﬂ#@@‘ byqbacfree

spect r umedge aaaéhedmylté’net}sp)éi gdukifaeeAwave resonator of the preferred
embodiment.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Preferred embodiments according to the present
invention will be described with reference to the accompanying
drawings. _

Fig. 4 is a diagram showing the resonance frequency
spectrum of a normal IDT in a free edge reflective-type surface
wave resonator using BGS waves. The resonance frequency spectrum
of the IDT is described in "Lecture Papers of Japan Acoustic
Society", pp. 351-352, issued on March, 1976. The axis of the
abscissa of Fig. 4 represents the frequency, and 2N, 2N-1 etc.
on the axis of abscissa represent resonance points of a 2N-order
mode, (2N-1)-order mode, etc. The axis of the ordinate represents
an attenuation amount when the peak of a main lobe is set to 0
dB.

As is apparent from Fig. 4, when a normal IDT is used,
the resonance mode of 2N-order (N represents an integer) can be
excited by forming an IDT having N pairs of electrode fingers on
the gurface of fhe piezoelectric substrate. Further, odd-number
modes out of the other high-order modes, that is, modes of (2N-1)
- order, (2N-3)-order, (2N+l)-order and (2N+3)-order are not
excited due to symmetry of the electrode. With respect to the
even-number modes, as is apparent from Fig. 4, the resonance
frequency is coincident with the attenuation pole of the
frequency characteristic of the IDT having N pairs of electrode
fingers so that these modes are not excited. That is, the even-
number modes of (2N-2) -order, (2N-4)-order, (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
resonator on which the normal IDT is formed as shown in Fig. 2,
and thus a resonator having relatively little spurious can be
formed. However, as described above, only a single resonance
characteristic can be obtained by the surface wave resonator

shown in Fig. 2.
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is not limted to that of Fig. 6. That is, the IDT having tREPLﬂCEMWC§HEET
spectrumindicated by the solid line A of Fig. 5 may be forned by another
el ectrode having a different shape fromthat of the conmb-shaped el ectrodes
13 arid 14 shown in Fi-g. 6. The weighti-ng nay be perfornmed by a thinning

el ectrode nethod. This This is the replacenent sheet Date: I 9 NOV 1996
REPLACEMENT SHEET 0» the other hand, according to the preferred

embodiments of the present invention, plural resonance
characteristics can be obtained by weighting the IDT as
described. A weighting method will be hereunder described with
reference to Fig. 5.

A solid line A of Fig. 5 represents the frequency
spectrum of the IDT when the IDT is subjected to a cross width
weighting according to the preferred embodiments of the present
invention, and a broken line B of Fig. 5 represents the frequency
spectrum of a normal IDT having the same number of electrode
finger 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, etc. The attenuation pole of the main lobe
of the IDT which is subjected to the cross width weighting as
described above is formed out of the attenuation poles 2N+2, 2N-2
of the main lobe of the normal IDT.

In the cross-width weighted frequency spectrum A, the
attenuation amount is relatively small in the (2N-2)-order and
(2N+2) ~order modes, and thus it is appaient that the excitation
can be achieved in these modes. In the preferred embodiments of
the present invention, plural resonance characteristics are
achieved by using the nearest resonance characteristics in the
excited even-number modes.

Fig. 6 shows an example of the weighting of the IDT
having the frequency spectrum indicated by the solid line A in
Fig. 5. The free edge reflective-type surface wave resonator 11
shown in Fig. 6 has a pair of comb-shaped electrodes 13 and 14
provided on a piezoelectric substrate 12. An IDT is constructed
by these comb-shaped electrodes 13 and 14. As is apparent from
Fig. 6, the IDT electrode is subjected to the cross width
weighting. The degree of the weighting is selected so as to
provide the frequency spectrum indicated by the solid line A in
Fig. 5 as described above. However, the manner of the weighting
to achieve the frequency spectrum indicated by the solid line A
is not limited to that of Fig. 6. That is, the IDT having the
frequency spectrum indicated by the solid line A of Fig. 5 may
be formed by another electrode having a different shape from that
of the comb-shaped electrodes 13 and 14 shown in Fig. 6; The
weighting may be performed by a thinning electrode method. This
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wei ghti ng nethod has been well known, and it is described atR%%Lgf\erEw];c§%T
of "ELASTI C SURFACE WAVE ENGA NEERI NG' supervi sed by I nuo Shi bayama
(Electrical Information Communication Society Corporation), for exanple.

The free edge reflective-type surface wave resonator 11 shown in Fig. 6 has
a simlar construction as the free edge reflective-type surface wave

r esonat owesightring Beghod, hascdsent heell hknbwil, | andeiight £6 Hesthepeanngr as

. e ar .
corr espoliing Qlrant e s i"ﬁaﬁ%ﬁﬁf&?@.ﬂs WA BRI, Sopemrdand oo
descri pt % ’fgwé? ¥ihayama t (Fdectmigal; Informgtism Seowundcation Society
| npedanc exdrpspEticon) , for example.

The free edge reflective-type surface wave resonator
11 shown in Fig. 6 has a similar construction as the free edge
reflective-type surface wave resonator shown in Fig. 2, except
that the IDT is weighted in the manner as described above.
Therefore, the same description of the game or corresponding
elements as that of Fig. 2 is applied, and thus the detailed
description thereof is omitted. _

Fig. 7 is a graph showing an impedance-frequency
characteristic of the free edge reflective-type surface wave
resonator 11 using the cross-width weighted IDT as indicated by
the solid line A of Fig. 5. As is apparent from Fig. 7, three
resonance characteristics as represented by FR1, FR2 and FR3 are
obtained. The FR1 represents the resonance point due to
"spurious" corresponding to the (2N-2)-order mode in the
frequency aspectrum of the normal IDT w?ich 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 the
FR3 represents the resonance point of a resonance characteristic
of the (2N+2)-order mode. As is apparent from Fig. 7, three
resonance characteristics can be obtained. Two traps can be
constructed by using any two resonance points, for example, the
resonance points FR1l and FR2.

For example, if the free edge reflective-type surface
wave resonator 11 is constructed so that the FR1 corresponds to
the adjacent channel video signal frequency at the picture
intermediate stage and the FR2 corresponds to the adjacent
channel audio signal frequency at the picture intermediate stage,
the attenuation-frequency characteristic shown in Fig. 8 can be
achieved.

That is, the wavelength of the IDT is determined in
accordance with the adjacent channel audio signal frequency, and
the number of electrode finger pairs is determined in accordance
with the adjacent channel video signal frequency. Further; the

IDT is weighted so that the attenuation poles are located outside
This is the replacement sheet
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characteristic of the free edge reflective-type surface wave resonator
using the cross-wdth weighted IDT as indicated by the solid Iine A of Flg.
5. As is. apparent fromFig. 7, three resonance characteristics as
repreésented by FRI, FR2 and FR3 are obtmoned. The FRl represents the
resonance poi nt due to "spurious" corresponding to the (2N2)-order
nmode i noft kbef pt§eenayiopepolemat theenoomad| IDDThawing tlse et AuldS DY
the subsiggat epdijansi o cribe he pr nts_t he
resonance_poi n? of a rgggﬁgﬁgz c%ar gz(':t erl Stl% of}quh{il\l- g:?v er hogder8f<the

mai n | ob&PBFaGteTdLde vtk Reitjmede 1g3pmentd qeme BeRPTouEdesbnt s t he
resonance point of vmm&scp‘rﬁémz@mréﬁﬁdﬂinséﬂts‘s £ t fRe (BREBen L 48V HRIS AS

I's appar %Qtvef £8g}xFagch6seQ var:Lous modes of carrying out the principles
described herein are contemplated as being within the scope of
the following claims. Therefore, it is understood that the scope
of the present invention is not to be limited except as otherwise
set forth in the claims.
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resanance characteristics can be obtained. Two traps can be constructed by
.using any two resonance points, for exanple, the resonance points FRL and
FR2. For. exanple, if the free edge reflective-type surface wave resonator
11 is constructed so that the FRL corsyagponds to the adjacent channel video
signal frequency at the picture internmedi ate stage and the FR2 corresponds
to the aWHATenS ChAIMEBD ISdi o signal frequency at the picture internedi ate
stage, the attenuation-frequency characteristic shown in Fig. 8 can be
achieved. That is, the wavelength of the IDT is determ ned in accordance
with the adjacent &Ranndl fzeriiedgs gadlectiviechype surface wave resonator

for reflecting SH-type surface waves between two confronting free
edges of a piezoelectric substrate, the free edge reflective-type
surface wave resonator comprising:-

a piezoelectric substrate having two confronting
free edges; and

an interdigital transducér provided on said
piezoelectric substrate and having a plurality of interdigitated
electrode fingers having cross widths that are weighted so that
an attenuation pole of a main lobe is located outside of a
frequency position of an attenuation pole of a main lobe of an
unweighted interdigital transducer having the same number of
electrode finger pairs as said interdigital transducer or the
same inter-substrate dimension as gaid interdigital transducer,
said cross widths of said electrode fingers being weighted such
that a resonance characteristic of a main lobe and a resonance
characteristic of an attenuation pole of the unweighted

interdigital transducer are obtained.

2. The surface wave resonator as claimed in claim 1,
wherein said surface wave resonator comprises a resonator which
constitutes a trap circuit at a picture intermediate frequency
stage of a television receiver, and one of a plurality of
frequency éharacteristics corresponds to an adjacent channel
video signal frequency and another of the plurality of frequency
characteristics which has a higher frequency than said one of the
plurality of frequency characteristics corresponds to an adjacent
channel audio signal frequency.
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the nunber of electrode finger pairs is deternmned in accordance wt

adj acent channel video signal frequency. Further, the IDT is weighted so
that the attenuation poles are |ocated outside This is the replacenment
sheet Dat e: 19 NOV 1996 REPLACENBENF SHEET - 10 - of the attenuation
pol es of the normal |DT having the sane nunber of pairs, whereby a
resonator having two res8nafisge Wave Resonator

ABSTRACT OF THE DISCLOSURE

A free edge reflective-type surface wave resonator for
reflecting SH-type surface waves between two confronting free
edges of a piezoelectric substrate includes a piezoelectric
substrate having two confronting free edges and an interdigital
transducer having a plurality of electrode fingers having cross
widths which are weighted by a cross width weighting method or
an electrode thinning method. The weighting of the cross widths
is performed so that an attenuation pole of a main lobe is
located outside of a frequency of an attenuation pole of a normal
non-weighted IDT which has the same number of electrode finger
pairs as the weighted IDT, and plural resonance characteristics.
Consequently, a resonance characteristic determined by the main
lobe and a resonance characteristic determined by the attenuation
pole of the normal IDT are obtained.

Figure 6.
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enbodi nents of the present invention have been discl osed, various nobdes of
carrying out the principles described herein are contenpl ated as bei ng

Wi thin the scope of the following clains. Therefore, it is understood that

t he scope of the present invention is not to be |imted except as otherw se

set forth in the clains. This is the replacenent sheet Date: 1 9 NOV 1996
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REPLACEMENT SHEET - 11 - WHAT IS CLAIMED IS 1. A free edge reflective-type
surface wave resonator for reflecting SH type surface waves between two -
confronting free edges of a piezoelectric substrate, the free edge
reflective-type surface wave resonator conprising:- a piezoelectric
substrate having two confronting free edges; -and an interdigital transducer
provi ded on said piezoelectric substrate and having a plurality of
interdigitated el ectrode fingers having2cross widths that are wei ghted so
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an attenuation pole of a main |obe is |ocated outside of a frequency
position of an attenuation pole of a main | obe of an unwei ghted
interdigital transducer having the same nunber of electrode finger pairs as
said interdigital transducer or the sanme inter-substrate dinension as said
interdigital transducer, said cross widths of said electrode fingers being
wei ght ed such that a resonance characteristic of a main | obe and a
resonance characteristic of an attenuatid3on pole of the unwei ghted
interdigital transducer are obtained. 2. The surface wave resonator as
clainmed in claim1l1, wherein said surface wave resonator conprises a
resonator which constitutes a trap circuit at a picture internedi ate
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stage of a television receiver, and one of a plurality of frequency
.characteristics corresponds to an adjacent channel video signal frequency
and another of the plurality of frequency characteristics which has a
hi gher frequency than said one of the plurality of frequency
characteristics corresponds to an adj acent channel audi o signal frequency.
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