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SURPACE WAVE RESONATOR
BACKGROUND OF THE INVENTION
€3 Pieldof-the-% ok
5 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

10 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

is ordar to prevent interference with adjacént 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

20 accarding 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
25 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
3o frequency fap and the adjacent-channel sound eignal
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S resonat or using an SH-type surface wave, such as the BGS wave,
e Love wave, or the like. Mre particularly, the invention relates to an
end face reflecting- type surface wave resonator in which a plurality of
resonance units are fornmed int CRAASRETRED-AERRIFON At the vi deo
I nternmedi ate frequency stage of a tel evi.sion receiver {T, ge6—C te
recorder, in order to prevent interference with adjaceﬁfng% AT HASBEENS,
necessary to sufficiently attenuate si*g®als at the adjacentqﬁ BP vide
signal frequency fap (31.9 Mz according to the European PAL

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
5 “+magnitude—ind 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
10 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
15 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
20 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
28 ~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.
30 In the surface wave resonator 1 constructed as
described abova, an AC veltage is applied to the
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sacc @ é Eur opean PAL system). Fig. 'S characteristic diagram
of a typical filter indicating attenuation versus frequency at the video
internedi ate frequency stage. Fig. 1 reveals that a great |level of
attenuation is conventional ly B oinhl 6 8] acent - channel vi deo signal
frequency fap and the adjacentﬁL;xL_

rgnal frequency fas In
order to guarantee a great |evel of attenuation at b t'PHIS ISHEET HAS BEEN |
adj acent - channel video signal frequeney3fap and the §dj accREPLAGERnel spund
signal frequency fas, two trap devices are conventionally enployed; such as
a trap device having a great |evel of attenuation at the frequency fap and
anot her trap device having a great |level of attenuation at the

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
S 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
10 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
15 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
20 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
25 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
30 ' 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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zo-resonator utilizing an surface wave, such as
the BGS wave. Fig. 2 illustrates an exanple of an end face reflecting-type
surface wave resonator using the BGS wave. The end.face
reflecting-type surface wave r RSk OiumlSRtindmy desi gnaj SHIHFHEETHEAS BEEN
pi ezoel ectric substrate 2 forned I'ma quadrilateral planpr shRFELACEIThe
pi ezoel ectric substrate 2 is formed of a piezoelectric material, such as
|l ead zircotitanate piezoelectric ceranécs, Li No(err] piezoelectric
single crystal, LiTao[err] piezoelectric single crystal etc; the substrate
2 formed of piezoelectric ceram cs having been polarized in the direction
indicated by the arrow p shown in Fig. 2. Disposed on the top surface 2a

of the substrate 2 areLpr in the P27 substrate is 2400 m/s, agaording teo
the PAL system, the wavelength ~  )ap for the
adjacent~channal video signal frequency fap is 75.2
gr, while the wavelsngth ~ - Aas for the
5 adjacent-channel sound signal frequency fas is 59.4 [we]™
im. Accordingly, the distance L between the
above-described fepposadiy} oppositely-facing end Lfaces
of one resonance unit having a resonance point at the
adjacent-channel video signal frequency fap differs fronm
10 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
13 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-

20 wherein two resonance units having different resonant
" frequencies are formed as a single device.

In order to achieve the above object, there is
provided an end-face reflacting-type surface wave
resonator comprising: a piezoelectric substrate having

25 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

30 electrode~finger withdrawal method . The freguency
PWNI6422
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nafter sinply referred to a he conb-1i ke

el ectrodes 3 and 4 have a plurality of electrode fingers 3a through 3c and

4a t hrough 4c,

constructed as described abovggy Gy
1 fromthe conb-like electrodéS 3@ ‘
propagates in the direction indicated by t he arrom/X and is further

respectively. In the surface wave rj
appl i ed
Fte the BAS

reflected between the end faces 2b and o= In this resonator 1, the
frequency determ ned by the IDT is matched to the frequency determ ned by -
the di stance between the end faces, thereby obtaining effective resonance

characteristics.

10
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20
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30
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However, the end-face reflecting-type surface wave

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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Accordlngly, t wo surface wave resonators are required and nust be connected

to each other in order to

THIS SHEET HAS BEEN
" REPLACED

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;

Flg. 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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the other hand, a single surface-acoustic wave resonator using the
Rayl ei gh wave exhlbltlng two types of resonance characteristics is
di scl osed (for exanple, in Kokugai Ltd., Technical Report No.

()
16, pages 1-7, 1992). More spect TTEarTy. TH & U

y face ve resonator filter
usi ng the Rayleigh wave, a doubl e node resonator using 'ﬂh@SﬂEﬂﬁHAsBE N

| ongi tudi nal node (domi nant node) -agd- a second-orfler | ®REPLAOEHNA
node i s known, exhibiting two types of resonance_charac.erlstlca

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;
5 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;

10 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
1s 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.

20

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 surface wave

25 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 ipm.

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

a0 invention will now be explained by way of a surface wave

SFBC\LSIA2
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s are required to obtain the two type resonance
characteristics. Also, the resonance characteristics of the doubl e npde
resonator are determ ned by the reflection coefficient versus the frequency
characteristics of the refl ect cagaantionsn ige-ause the resonator has a
narrow frequency range having a large reflection coefficient, there is only
a very small difference, such as approximately 1 Mz, '?ﬁfﬁ"@f?éh’ﬂﬁ@s EE,?IQ ance
points in a region in wich good resorafce character St|C%EpEAéED() i{ned.
This nmakes it difficult to provide the two required—trap—resonrators
nmerely by use of such a double node resonator, since the two trap-
resonators have very different frequencies at which the attenuation

characteristics shQWabBrMifealad'$ LW thdt forms a trap clrcuit
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 electrode 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 vertigal axis represgents the

SPRO\IE2Z
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abovg? %ﬁ awback and to obtain two tySEﬁK '@gﬁgﬁgéﬁv ' .
characteristics nay be to formtw | DIs on a piezoelectric substrate so as
to constitute two resonance units, in an end-face reflecting-type surface

wave resonator discussed above_1£Q§§%§&!g:£!égggégove type of resonator

usi ng

- 10 - -'nnSSHEErHASBEEN'
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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 -
fraquencies of such even—-number Modes respectively
coincide with the attemuation poles of the frequency

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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oppositely-facing two end faces of the piezoel ectric substrate between
which the surface wave is reflected can be expressed by L = ([err]/2) x n
(wherein n is an integer), as sge cal lustrated in Fig. 3. A
great difference between the JAHSCERT=" =v1 deo signal frequency fap

and the adj acent- channel sound signal frequency fas causes a significant
- 11 -
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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
S 6122 '
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- ass U8 &ﬂﬂlé‘h’hg speed of sound in the PZT s Eegirl‘a;%wa rgﬂs accor.di ng

to the PAL system the wavelength [err]ap for the adjacent channel vi deo
'signal frequency fap is 75.2 [err]n1 whil e the wavel ength [err]as for the
adj acent - channel sound signal f[regus QS o 4 [€rr]lm Accordingly,

t he distance L between the abov”ﬂﬁ”"‘"”"‘ Ppost tely-facing end faces of
one resonance unit having a resonance point at the adjacent-channel
signal frequency fap differs fromthat pf ~the other [aspssnEET HABBEENV| ng
a resonance point at the adjacent-channel sound si gnal frerERRALEPAS. us,
it is very difficult to formtwo resonance units havi my erent resonant
frequenci es on the sane substrate of an end-face reflectlng type 'surface
wave

(=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.

5 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

10 will be explained later. ?ig.'7 alsao raveals 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

15 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

20 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

25 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

30 frequency spectrum indicated by the golid line A fean-bal.
is exhibited.
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s an obj.ect of the present ention to provide an
end-face reflecting-type surface wave resonator using the SHtype surface
wave wherein two resonance units haV|ng di fferent resonant frequencies are
formed as a single device. - eve the above object, there
is provided an end-face refl ecttn " wave resonator conprising:

a piezoelectric substrate having two oppositel y-faci ng—enéd
p ' S EE - 4 THIS SHEET HAS BEEN

REPLACED

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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frans cseﬁ% %%‘gggd on the piezoelectric subs? at%gger{d assigned with

wei ghts according to a cross-wi dth weighting nethod or an

el ectrode-finger wthdrawal nethod. The
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to the peak of the other main lobe of the weighted IDT in

.the freguency position associated 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 terminals, 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

ggggngngx.rnz agsgociated with the adjacent-channel sound
signal freguency at the game stage, thereby forming a
25 trap devicas.

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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mhereln the wei ghts are assigned nter |g|tal t ransducer
i-n such a manner that the peaks of the two main | obes substantially
coincide with frequency positions of attenuatlon pol es, respectively,
di sposed across a nmain | obe of B RENERON ptsxdse’ | Stics of a virtual
normal -type interdigital transducer aV|ng the sanme nunber of pairs of
el ectrode fingers as that of the weighted interdigital S
a nunber of pairs of electrode fingers ¥eterm ned by tHEHIS SHEERHNSHREN
between the two oppositely-facing end faces as that ofl the BEFINGEER
interdigital transducer. The assigned weights obtain first and second types
of resonance characteristics in the positions of the attenuation pol es of

the virtual nor nglekeuP@rl Ehe! €bd hdin lobes can earrespond 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 axe assigned to an IDT so as to form
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 cirxeult 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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t riafl /28 13:33 (396 6T SIERL | cal | y O 01T (REY é‘ﬁﬁ% or of theqq
pr esgﬁ?&ﬁzjgﬁkﬁoﬁﬁ%melghts are assigned to aE% %at ag types of(?1
resonance characteristics.can be inplenmented by use of only a single

device, utilizing two suppressed attenuatlon pol es di sposed across a nain

| obe of ErﬁggxegLLgnaL_ne#ﬁa | R XNERSVIRBEORF cat i on, using the maxi mum
poi nt of € excitati rength of the surface wave resonator as a

ref er ence, nn ﬁ E& nge in which the attenuation nagnitude of the
eXC|tat|o “A ve to the ré&tf@Pefice is 10 dB or smaller is

referred to* as "the mai n | obe", while the frequency rcI@EL+4P#*H{ﬁFf$H§‘
attenuation magni tude of the excitation strength is gre’Elt_“érsﬂEﬁar"‘A%)B iis
referred to as "the sub-1obe". RB”JKE

WHAT IS CLATIMED IS:

1. An end-face raflecting—type surface wave
resonator comprising:
a piezoalectrie substrata having two fepposadiypi-
oppositelv-facing end faces -fphebvaan—witioh: for
5 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
19 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

1% 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

20 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 of

25 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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ut al so surface waves whose spl acenents are perpendi cul ar

.to the propagation direction

T -IECERED-VESIoN
| R L | N

10

10

BOISMA

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

of a television receiver, vid staqe i
output, said n pcted
iy jignals om_ 82 ovid
gignale to eajd output, wherein the first type orf
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 fshe-fregueney—of) sald first type of
resonance fekeraereristicsy~gharacteristic 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. )

I
eet Has Been Replaced

T



of P %%wm “3’“ 134\?@5}995 LUEAAS the LOVE NaJEMTER PAGF’B%,{# fgee mave resongyer
descrlbed hereln may preferably be for use in 5 trap circuit at the video

i ntermedi ate frequency stage of a television receiver or a video cassette
recorder. More specifically, the positions of the above- descri bed
respective attenuation poles may be determned in such a_nadhre7I-+Ee? ftije
first type of the two resonance characteristics corresponds to the

adj acent - channel video signal frequency: and t he second t vne of
resonance characteristics has a ARSTRASAC R oRLERNL fre qB@hS@E%ﬁﬂﬁﬁ@EEN
first type of resonance characteristics and S aSSOCIated wi t h t heREPLACED

o) oent - channel | Sound 4 QR shLSIMERINE A ATkyrld. shoekbUSwh0s T Hldndor

frequency and theusipgcihe SHriypel 5‘%&?@2 wave achievas two tYPes of
resonance characteristics by use of only a single device.
An interdigital transducer having a pair of combelike
electrodes are formed on a piezocelectric substrate having
two feppesediyd obpoaitely-faocing end faces. The
interdigital traneducer has two peaks of main lobas and
Jerad it is agsigned with weights so that the twe psaks
of main lobes substantially coincide with fraguency
positions of attenuation poles disposed across a main
lobe of a virtual normal-type interdigital transducer
having the same number of pairs of electrodes as the
weighted interdiqital transducer. Thus, the two typee of
resonance characteristics can be obtained. |

Rgure 6 .
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sighal frequency by use of only a single device. BRI EF DESCRI PTI ON OF THE

DRAW NGS Fig. 1 is a characteristic di agramlndl cating the attenuation
ver sus freo'-., ) . >

| -dlate freqguerncy stage
in a conver M€ -EF- 2 S ve—vi ew of
a conventloQ%éﬁ$ q reflectlng type surface wave resonator usi ng the
BGS wave; :% 3 a sectional view of a conventional end-face
reflecting urface wave resonator; Fig. 4 illustrftgy
spectrurnoft[gﬁeigS | DT;

_ Fig. 5 |IIustrates frequency specgggﬁggéghﬁhN
wei ghted | DT

O_.
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and a normal |DT; Fig. 6 is a plan view of the configuration of an

end-face 7
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reflecting-type surface wave resonator according to an enbodi nent of the
present invention; Fig. 7 is a characteristic diagramindicating the

| npedance 131" L f e:u; cy ch esonator shpyn in Fig
61 FI e £iR g .- - e '. . < - A O Catc - rrg—t T e——attthtat { On

magni t ude agﬁbg frequency characterlstlcs of a trap f||ter forned by use
of the reso r* shown in Fig. 6; and Fig. 9 is a ciget

1- L na.
A ﬂ] (AIII ur
a nmeasuring circuit for measuring the attenuation characte V§¥$§§E%#Hﬁﬁ@EEN
trap filter shown in Fig. 8. __ REPLACED
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exhibited by the surface wave resonator are set to correspond to the

adj acent - channel vi deo si gnal _frequency fap and t he adj acent - channel sound
si gnal freguen 3ah d surface
resonat or GBH 5 S hre PP 5 re<fdnber N
of pairs of [ghzc] rode fi ngers of the IDT has been determ ned we| ghts are
assigned to | DT having N pairs of electrode fingers s THIS SHEET AS BEEN
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face reflecting-type surface wave resonator enploying the BGS wave. Fig. 4 .
illustrates a resonant frequency spectrum of the nornal |DT ﬂﬁﬂj@EME@TQ&EET
spectrumis known and is described in, for exanple, Proceed|ngs—e—+the
Spring Meeting of ASG pp. 351-352, issued in May 1976. Referri %to
Fig. 4, the horizontal axis indicates the frequency, 2N, PM 1,043t .R,1997
designating the positions of the resonange points in the 2Nf ¢rder node a
the 2N-1-order node, respectively. On the other hand, the vegrtical axis
represents the attenuati on naGURFAGE WAVE RESONATOR: peak ofthe neiht-ober——
whi ch is CdB. Fig. 4 clearly shows that the 2N-order resonance node
(wherein Nis an integer) can be excited by form ng the normal |DT provided

with the gxstdEowip OE ot deniigsesy on the surface of the piezoelectric
substrate.” Anong the ot her high-

The present invention relates generally to an end-face
reflecting-type surface wave resonator using an SH-type surface
wave, such as the BGS wave, the Love wave, or the like. More
particularly, the invention relates to an end-face reflecting-
type surface wave resonator in which a plurality of resonance

units are formed into a single device.

At the video intermediate frequency stage of a television
receiver or a video cassette recorder, in order to prevent
interference with adjacent channels, it 1is necessary to
sufficiently attenuate signals at the adjacent-channel video
signal frequency fap (31.9 MHz according to the European PAL
system) and the adjacent;channelusound signal frequency fas
(40.4 MHz according to the European PAL system). Fig. 1 is a
characteristic diagram of a typical filter indicating
attenuation versus frequency at the video intermediate
frequency stage. Fig. 1 reveals that a great level of
attenuation is conventionally provided at the adjacent-chaﬁnel
video signal frequency fap and the adjacent-channel sound
signal frequency fas.

In order to guarantee a great level of attenuation at both
the adjacent-channel wvideo signél frequency fap and the
adjacent-channel sound signal frequency fas, two trap devices
are conventionally employed, such as a trap device having a
great level of attenuation at the frequency fap and another
trap device having a great 1level of attenuation at the
frquency fas. Each trap device is formed of an LC resonance

circuit, a piezo-resonator, or the like.



ocrder nodes, odd-nunber nodes, such as 2N-1, 2N 3, 2N+1lramd2NE3:

nmodes, cannot be excited due to the symmetrical propert e%Ede\e'Eﬁgﬁf %WEET _
el ectrodes. On the other hand, even-nunber nodes, such §s|2N-2, 2N-4, 2N+
and 2N+4-order nodes, are not excited because, as showniih Fjg.MAR 1997e
resonant frequencies of such even-nunber nodes respectiyelly coincide w {h
the attenuation poles of the frequency characteristics ¢f “retDTTTavi ng
the N pairs of electrode fingers. Thus, in the above tyge of surface way
resonat or provixed ai thieho-nesonatbbT, feuch the i |[dhote-adestribdd g.ufe, only
the 2N or%etrt

erLDtC%.eori S:i.s being focussed on a piezo-resonatér utilizing an
SH-type surface wave, such as the BGS wave. Fig. 2 illustrates
an example of an end-face reflecting-type surface wave
resonator using the BGS wave.

The end-face reflecting-type surface wave resonator
generally designated by 1 has a piezoelectric substrate 2
formed in a quadrilateral pianar shape. The piezoelectric
substrate 2 is formed of a piezoelectric material, such as lead
zircotitanate piezoelectric ceramics, LiNbO, piezoelectric
single crystal, LiTao; piezoelectric single crystal etc; the
substrate 2 formed of piezoelectric ceramics having been
polarized in the direction indicated by the arrow p shown in
Fig. 2. Disposed on the top surface 2a of the substrate 2 are
a pair of comb-like electrodes 3 and 4 which form an

" interdigital transducer (hereinafter simply referred to as "the
IDT™) . The comb-like electrodes 3 and 4 have .a plurality of
electrode fingers 3a through 3¢ and 4a through 4c,
respectively.

In the surface wave resonator 1 constructed as described
above, an AC voltage is applied to the 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 2¢. In this
resonator 1, the frequency determined by the IDT is matched to
the frequency determined by the distance between the end faces,
thereby obtaining effective resonance characteristics.

However, the end-face reflecting-type surface wave

* resonator described above, as well as conventional LC resonance
circuits and other types of piezo-resonators, have only a
single resonance. Accordingly, two surface wave resonators are

required and must be connected to each other in order to



9. excited, thereby achieving a resonator with |ess spur
shoul d be noted, however, that only a single-type of reso

ORISP| MEEIABNE SHEET

fa¥al

1A

characteristic can be obtained by use of the surface resopat oF sho '
Fig. 2. In order to overcone the above-descri be# dMﬁ&wM
according to the present invention, the nunber N of pairs/|of

3

achieve trap characteristics at both the adj acent-channel video
signal frequency fap and the adjacent-channel sound signal
frequency fas.

On the other hand, a single surface-acoustic wave
resonator using the Rayleigh wave exhibiting two types of
_ resonance characteristics is disclosed (for example, in Kokusai
Electric Co., Ltd., Technical Report No. 16, pages 1-7, 1992).
More specifically, in a surface wave resonator filter using the
Rayleigh wave, a double mode resonator using a Oth-order
longitudinal mode (dominant mode) and a second-order
longitudinal mode is known, exhibiting two types of resonance
characteristics.

However, in this type of resonator, at least two sets of
IDTs and reflectors are req_uired to obtain the two types of
resonance characteristics. Also, the resonance characteristics
of the double mode resonator are determined by the reflection
coefficient versus the frequency characteristics of the
reflectors. However, because the resonator has a narrow
frequency range having a large reflection coefficient, there
is only a very small difference, such as approximately 1 MHz,
between two resonance points in a region in which good
resonance characteristics are obtained. This makes it
difficult to provide the two required trap resonators merely
by use of such a double mode resonator, since the two trap
resonators have very different frequencies at which the
attenuation characteristics shown in Fig. 1 are exhibited.

One of the measures that have been considered to ovércome
the above-described drawback and to obtain two types of
resonance characteristics may be to form two IDTs on a
piezoelectric substrate so as to constitute two i‘esonance
units, in an end-face reflecting-type surface wave resonator

discussed above. However, in the above type of resonator using



el ectrode fingers are determned so that the attenuati nﬁgﬂ‘rAﬁfEMszS‘éﬁEJ
2N+2 of the main |obe of the conventional normal IDT iljl dstrated in Fi
can coincide with the adjacent-channel video signal frédyier®4 MAR1997d Th
adj acent - channel sound signal frequency fas, respectively. Mre
specifically, when the frequency position f[err] in the 2N-order node of
the peak of the main lobe is set at the gnternediate f ency between t

™

1%

adj acent - channel video signal frequency fap and the adj acent- channel so
si gnal freapeSHVtES , sutiace Wasre, Nsui:hpasrshefms aivendahle ﬂgeammhﬂ@
f ound fror’%the formul a ex ressed exanpl e,

/ N[ e f
accor di ng PebweeRvayelen th%r%o‘?}éﬁ o b é&@eﬁ%’f S(*:16‘Isla*-"')a“(‘ﬁ"'r &UPPt&’Pthéhe

frequency $%§1t§iy9f%|1n Ngwdtedd e ddf N thef ﬁaegaeigcf;ﬂ!ﬂz sabRleued i

equency f2 of one attenuation pol e 2N+2 of
between wh:l.ch the surface wave is reflected can be expressed

Eur ope,
by L = (A/2) x n (wherein n is an integer), as schematically
illustrated in Fig. 3. A great difference between the
'adjacent-channel video signal frequency fap and the adjacent-
channel sound signal frequency fas causes a significant
difference the respective wavelengths A. For example, when it

* is assumed that the speed of sound in the PZT substrate is 2400
m/s, according to the PAL system, the wavelength lap for the
adjacent-channel video signal frequency fap is 75.2 um, while
the wavelength Mas for the adjacent-channel sound signal
frequency fas is 59.4 um. Accordingly, the distance L between
the above-described oppositely-facing end faces of .one
resonance unit having a resonance point at the adjacent-channel
video signal frequency fap differs from that of. the other
resonance unit having a resonance point at the adjacent-channel
sound signal frequency fas. Thus, it is very difficult fo form
two resonance units having differ_ent resonant frequencies 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 present invention to
provide an end-face reflecting-type surface wave resonator
using the SH-type surface wave wherein two resonance units
having different resoné.nt frequencies are formed as a single
device.

In order to achieve the above object, there is provided
an end-face reflecting-type surface wave resonator comprising:

a piezoelectric substrate having two oppositely-facing end

he
und



mai n | obe of the normal | DT matches the frequency fas, whi REPLAGEMENE GHEEEY
flerr] of the other attenuation pole 2N-2 coincides wth|te—freguerncy fap
causing the center frequency f0O of the peak of the main o.aeogg% 7

flerr]=(31.9+40.4)/2=36.15 MHz. Accordingly, the nunber N pf [ ﬁ?
el ectrode fingers can be obtained fromthe expression of
"N=2x36. 15/ (40.4-31.9)[err]8.5. The pair Jwunber N further|deternines the
di stance between the end faces of the piezoel ectric substrate—of—tire

surface whesemsofrt orreflecting?) anssSiritypeveisyixtfacer twavd;DT and &ng. 5

IITustrat e:l.shtaerccﬁagr:‘.atcéf rt:l:r:sé.tnls u%le%géggnpéggldcgztl It@x% tpggzoelectric substrate

and assigned with weights according to a cross-width weighting
method or an electrode-finger withdrawal method. The
frequency characteristics of the weighted interdigital
transducer 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
frequency positions of attenuation poles, respectively,
disposed across a main lobe of frequency characteristics 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 number of pairs of
electrode fingers determined by the same distance between the
two oppositely-facing end faces as that of the weighted
interdigital transducer. The assigned weights obtain first and
second types of resonance chéfacteristigs-in the positions of .
the attenuation poles of the virtual notﬁal-type interdigital
transducer.

More specifically, in the surface wave resonator of the
present invention, weights are assigned to an IDT, so that two
types of resonance characteristics can be implemented by use
of only a single device, utilizing two suppressed attenuation
poles disposed across a main lobe of a conventional normal IDT.
In this specification, wusing the maximum point of the
excitation strength of the surface wave resonator as a

" reference, the frequency range in which the attenuation
magnitﬁde of the excitation strength relative to the reference
is 10 dB or smaller is referred to as "the main lobe", while
the frequency range in which the attenuation magnitude of the
excitation strength is greater than 10 dB is referred to as

"the sub-lobe",



\REPLACEMENT SHEE'[tT

10 frequency spectrum B of the normal |DT having the ode

f]ngers obt ai ned by use of the above-described nethod

04 MAR 1997

6

The above-described SH-type surface waves broadly include.
not only the BGS waves, but also surface waves whose
displacements are perpendicular to the propagation direction
of the surface wave, such as the Love wave.

The surface wave resonator described herein may preferably
be for use in a trap circuit at the wvideo intermediate
frequency stage of a television receiver or a video cassette
recorder. More specifically, the positions of the above-
described respective attenuation poles may be determined in
such a manner that the first type of the two resonance
characteristics corresponds to the adjacent-channel wvideo
signal frequency (fap) and the second type of resonance
characteristics has a frequency higher than the frequency of
the first type of resonance characteristics and is associated
with the adjacent-channel sound signal frequency (fas). It is
thus possible to construct a ﬁrap éirduit at both the adjacent-

" channel video signal ffequency and the adjacent-channel sound

signal frequency by use of only a single device.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 .is a characteristic diagram indicating the
attenuation wversus frequency characteristics of the wvideo
intermediate frequency stage in a conventional television
receiver;

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

Fig. 3 1is a sectional view of a conventional end-face
reflecting-type surface wave resonator;

Fig. 4 illustrates a frequency spectrum of a normal IDT;

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

Fig. 6 is a plan view of the configuration of an end-face



and al so indicating the frequency spectrum A achi eved |b
bel ow descri bed wei ghting nethod. As indicated by the ldgtted |ine B, tlhg

frequency

normal | DT matches the frequency fap (=31.9 WMHz), whil he frequency
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associated with the other attenuation pole coincides Wwth Tnhe Trequency
([err]40.40 MHz). The normal IDT is not Bxcited eitherlLin_the position

the frequency fap or the fas.

as to obt aeflectingqtypey sprfacem waNgvi mpacRater n daineding the an
egé{n\[l%g@ ‘% {:1?3 ﬁ:@é@%ﬁ}gdi ‘?;I'ntigg,peaks of the main | obes are
ioneéd at the a

frequency

respectively posl

enua

2N-2 and 2N+2- il nmpdebg od tdigaradteris€ic diagram indicating the

impedance against frequency characteristics of the resonator
shown in Fig. 6;

_ Fig. 8 is a characteristic diagram indicating the
attenuation magnitude against frequency 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

shown in Fig. 8.

DETAILED DESCRIPTION OF AN EMBODIMENT OF THE INVENTION

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 surface wave resonator of the
present invention is constructed so as to obtain. frequency
characteristics in which the two peaks of the main lobes are

located at the frequencies corresponding to the attenuation

" poles of the normal IDT. The best known mode of carrying out

the invention will now be explained by way of a surface wave
resonator used as a device that forms a trap circuit disposed
at the wvideo intermediaté frequency stage of a television
receiver or the like. Two types of resonance characteristics
exhibited by the surface wave resonator are set to correspond
to the adjacent-channel video signal frequency f£fap and the
adjacent-channel sound signal frequency fas, respectively.
The aforesaid surface wave resonator can be required by
the following procedure. After the number N of pairs of
electrode fingers of the IDT has been determined, weights are

assigned to the IDT having N pairs of electrode fingers so that

f as
f

Weights are thus assigned to the IDT so

ron pofes (the frequencies of the
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and are excited at the respective frequencies, as sho
wll be explained later. Fig. 7 also reveals that a gr
attenuatjon is exhibited at the resonance point of 2N
~frequency corresponding to this node is not excited.
wei ghted I DT, two types of resonance characteristics chn be obtained in.
- which the wave is excited at the frequen8y positions ( }
associated with the tmo attenuation poles of the nmain | obe of the nornal
| DT. e oeaipte o Fhecwmiique lobesssicam ndenepghiticpedheakDrthe

Chown | n' A SR AE oo ARG 108 ROGRRNER SR 208 SR S o, B8 ' °

general |y pfbhémiﬁél Wil Inbwl Bétéﬁphdined in detail.

(1) Determination of the number N of
pairs of electrode fingers of the TDT
A description will first be given of the resonant
frequency characteristics of the normal IDT for use in 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 spectrum is known and is described
in, for example, Proceedings of the Spring Meeting of ASG, pp.
351-352, issued in May 1976. Referring to Fig. 4, the
horizontal axis indicates the frequency, 2N, 2N-1, ete.,
designating the positions of the resonance points in the 2N-
order mode and the 2N-l-order mode, respectively. On the other
hand, the vertical axis represents the attenuation magnitude
relative to the peak of the main 16be, which is 0dB.

'+ Fig. 4 clearly shows that the 2N-order resonance mode
(wherein N is an integer) can be excited by forming the normal
IDT provided with the N pairs of electrode fingers on the
surface of the piezoelectric substrate. Among the other high-
order modes, odd-number modes, such as 2N-1, 2N-3, 2N+1 and
2N+3-order modes, cannot be excited due to the symmetrical

' properties of the electrodes. 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 frequencies
of such even-number modes respectively coincide with the
attenuation poles of the frequency characteristics of the IDT
having the N pairs of electrode fingers. Thus, in the above
type of surface wave resonator provided with the normal IDT,

such as illustrated in Fig. 2, only the 2N-order mode is



in Fig. 6 has a pair of conb-like electrodes 13 and 14 fprfred on a
pi ezoel ectric substrate 12, the el ectrodes 13 and 14 conpt t@tA MARCID97! O
The el ectrodes 13 and 14 have 8.5 pairs of electrode finpefs and are
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excited, thereby achieving a resonator with less spurious

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

In order to overcome the above-described drawback,
according to the present invention, the number N of pairs of
electrode fingers are determined so that the attenuation poles
2N-2 and 2N+2 of the main 1obe.of the conventional normal IDT
illustrated in Fig. 4 can coincide with the adjacent-channél
video signal frequency fap and the adjacent-channel sound
signal frequency fas, respectively. More specifically, when
the frequency position £, in the 2N-order mode of the peak of
the main lobe is set at the intermediate frequency between the
adjacent-channel video signal frequency fap and the adjacent-

* channel sound signal frequeﬁcy.fas, the number N of pairs of
electrode fingers can be found from thé formula expressed by

Z'ﬂJNkfas-fap. For example, according to the wvideo

intermediate frequency (VIF) circuit at the frequency fap of

31.9 MHz and at the frequency fas of 40.4 MHz employed in
Europe, the frequency £, of one attenuation pole 2N+2 of the
main lobe of the normal IDT matches the frequency fas, while
the frequency £, 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 be £,=(31.9+40.4)/2=36.15 MHz.
Accordingly, the number N of pairs of electrode fingers can be
obtained from the expression of N=2x36.15/(40.4-31.9)=8.5. The
pair number N further determines the distance between the end
faces of the piezoelectric substrate of the surface wave

resonator.

(2) Assigning weights to the IDT
Fig. 5 illustrates a characteristic diagram indicating the




w dth according to the apodi zation nethod. The degres &EPL%WTQ{%H%ET
sel ected so that the above-described frequency spectrd m}i ndi cat ed by tjhe
solid line Ais exhibited. However, the weighting |met hgd MARM9Y7
restricted to the technique illustrated in Fig. 6. Tll]efrequency

spectrum i ndi cated by the solid line A may be achieved '
formng the electrodes 13 and 14 in a sh@pe other than the shape shown Ijn

Fig. 6. Alternatively, the IDI may be wei ghted according to the f1nger
Wi t hdr avvalfrrmy SpeceughBi 0§ tbehvormade IDFowavimg dilex M geatizs, of or
exanpl e, dA‘ C%rxtgle%sv% a-:[%%g.nﬁlg use of the above-described method

and also indicating the frequency spectrum A achieved by the
below-described weighting method. As indicated by the dotted

. line B, the frequency corresponding to one attenuation pole of
the main lobe of the normal IDT matches the .frequency €£fap
(=31.9 MHz), while the frequency associated with the other
attenuation pole coincides with the frequency fas (=40.40 MHz).
The normal IDT is not excited either in the position of the
frequency fap or the fas.

Weights are thus assigned to the IDT so 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 at the attenuation poles (the
frequencies of the 2N-2 and 2N+2;-Qrder modes) of the normal IDT
and are excited at the respective frequez:lcies, as shown in Fig.
7, which will be explained later. Fig. 7 also reveals that a

_ great level of attenuation is exhibited at the resonance point
of 2N-order mode, and the frequency corre'sponding to this mode
is not excited. Namely, in this weighted IDT, two types of
resonance characteristics can be obtained in which the wave is
excited at the frequency positions (fap and fas) associated
with the two attenuation poles of the main lobe of the normal
IDT. _

One example of a technique of assigning weights to the IDT
exhibiting the desired frequency spectrum indicated by the
solid line A is shown in Fig. 6. An end-face reflecting-type
surface wave resomator generally indicated by 11 illustrated
in Fig. 6 has a pair of comb-like electrodes 13 and 14 formed
on a piezoelectric substrate 12, the electrodes 13 and 14
constituting one IDT. The electrodes 13 and 14 have 8.5 pairs

of electrode fingers and are weighted by changing the cross
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The surface wave resonator 11 shown in Fig. 6 is congtgqucted in a nmapner
simlar to the resonator 1 illustrated in Fig. 2, except thatMARSQI7OT|i $
wei ghted in the above- described manner. An expl anati ¢n]of the constriction
of the resonator 11 will thus be omttedl while incorpo ' ence
t he description given above in connection with Fig. 2. Fig. 7

i || ustrat esidtie aopecding verthe dipedizationimetbod:i sThesdefreheoéntiheace
fl i -t f 1 i the 1 DT t ich
L oo avedied ) 4ol B R ok BRk S, Ao eSdsBlaiRed| Eleguencyy

7 shows gpectrum indicated by the solid line A is exhibited.

However, the weighting method is not restricted to the
technique illustrated in Fig. 6. The frequency spectrum
indicated by the so0lid line A may be achieved by, for example,
forming the electrodes 13 and 14 in a shape other than the
shape shown in Fig. 6.

' Alternatively, the IDT may be weighted according to the
finger withdrawal method. Such weighting methods are known and
disclosed in, for example, Surface Acoustic Wave Technique,
supervised by Kimio Shibayama. The Institute of Electronics,
Information and Communication Engineers, pages 66 to 68,
incorporated by reference. |

The surface wave resonator 11 shown in Fig. 6 is
constructed in a manner similar to the resonator 1 illustrated
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, while incorporating by
reference the description given above in connection with Fig.
2.

Fig. 7 illustrates the impedance versus frequency
characteristics of the end-face reflecting-type surface wave
resonator 11l using the IDT to which cross-width weights are
assigned according to the aforesaid procedure. Fig. 7 shows
that two types of resonance characteristics indicated by FR1
and FR2 are obtained in this resonator. FR1 indicates a
resonance point corresponding to the peak of one main lobe of
the cross-width weighted IDT in the frequency position
associated with (2N-2) - order mode of the normal IDT, while
FR2 designates a resonance point corresponding to the peak of

the other main lobe of the weighted IDT in the frequency



that two types of resonance characteristics indicatefl j afe
obtained in this resonator. FR1 indicates a resonafc y’?n@aéweﬂﬂrg}ﬁho

to the peak of one nain | obe of the cross-width weight¢d IDT in the
frequency position associated with (2N-2) - order node}of04HMARI¥al |1 DT
whil e FR2 designates a resonance point corresponding|tq the peak of {h¢
other nmain | obe of the weighted IDT in ke frequency '

position associated with the (2N+2) - order mode of the normal
IDT. Accordingly, two trap devices can be constructed by use
of the above-described two resonance points..

Fig. 8 1is 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 circuit
used for measuring the characteristics shown in Fig. 8.
Referring to Fig. 9, the circuit includes an AC supply 20, a
voltmeter 21, resistors 22 and 25 exhibiting a characteristic
impedance of the measuring system, and resistors 23 and 24 for
adjusting the voltage applied to the surface wave resonator 1l

- and the output voltage, respectively. Further, resistors 28
and 29 located adjacené to the output and input terminals,
respecﬁively, are used to match the impedance.

Fig. 8 shows that a great level of ai':-tenuation is achieved
at the frequency FR1 corresponding to the adjacent-channel
video signal frequency at the video intermediate stage and at
the frequency FR2 associated with the adjacent-channel sound .
signal frequency at the same stage, thereby forming a trap
device.

The aforesaid embodiment has been explained in which the
peaks of the two main lobes coincide with the positions
corresponding to the (2N+2) - order mode and the (2N-2) - oxder
mode, respectively, of the attenuation poles of the main lobe

. of the normal IDT. However, weights may be assigned to the IDT
so that the peaks of the two main lobes can correspond to
higher-order even-number modes, for example, 2N+4 and 2N-4, of
the normal IDT.

As will be clearly understood £from the foregoing
description, the present invention offers the following

advantages. Weights are assigned to an IDT so as to form peaks



Accordingly, two trap devices can be constructed by ussg the
above-descri bed two resonance points. Fig. 8is a crar ge’% stic
diagramindicating the attenuation nmagnitude against| f|r e@ é
characteristics obtained by the application of the res¢n r 11 to at

neasur i n
circuit |grq;:ﬁ Ul Iaap.m\clghppbywb@reby two resonance character:.st:.cs can

12 position associated with the (2N+2) - order node of 'tlﬁEPbkﬁBmﬂNT SEEET

Fig. 9 1is a circuit diagramoft3a neasuring cifrcuit used for

ap

the characteristics shown in Fig. 8. Referrrmg—te—ig~—-.lhe

be obtained merely by a single device. It is thus possible to
provide a surface wave resonator best suited for uses requiring
two resonance characteristics, for example, a trap circuit at
the video intermediate frequency stage. Further, since two
resonance characteristics can be achieved by a single device,
it is possible to simplify the configuration of a circuit, such
as a trap circuit or the like, to eliminate the complicated and
troublesome connecting operation, and also to effectively
reduce the space required for the circuit.

Although the present invention has been described in
relation to particular embodiments thereof, many other
variations and modifications and other uses will become
apparent to those skilled in the art. The present invention

is not limited by the specific disclosure herein.
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1. An end-face reflecting-type surface wave resonator

comprising:

a piezoelectric substrate having two oppositely-£facing end
faces for reflecting an SH-type surface wave;

an interdigital transducer disposed on said piezocelectric
substrate and having a plurality of fingers each having a
respective dimension corresponding to an assigned 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 manner that the peaks of said two
main lobes substantially coincide with frequency positions of
attenuation polés, respectively, disposed across a main lobe
of frequency charactéristics__of_ a virtual normal-type
interdigital transducer having the same number. of pairs of
electrode fingers as that of said weighted interdigital
transducer, or having a number of pairs of electrode fingers

. determined by the same distance between the two oppositely-

facing end faces as that of said wéighted interdigital
transducer, thereby obtaining first and second types of
resonance characteristics in the positions of the attenuation

poles of said virtual normal-type interdigital transducer.

2. A surface wave resonator according to claim 1, in a
video intermediate frequency stage of a television receiver,
said video IF stage having an input and output, said resonator
being connected for receiving signals from said input and for
providing signals to said output, wherein the first type of
resonance characteristic corresponds to an adjacent-channel

video signal frequency of said video IF stage, while the second

Thls Sheet Has Been Repla
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so as to f@ﬂ&&pSQEé first type of resonance characteristic corresponds

to an adjacent-channel sound signal frequency of said video IF

stage.

3. A surface wave resonator according to claim 1,
wherein each said weight is assigned according to a cross-width

weighting method.

4, A surface wave resonator according to claim 1,
wherein each said weight is assigned according to an electrode-

finger withdrawal method.
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Surface Wave Resonator

ABSTRACT OF THE DISCLOSURE

An end-face reflecting-type surface wave resonator using
the SH-type surface wave achieves two types of resonance
characteristics by use of only a single device. An
interdigital transducer having a pair of comb-like electrodes
are formed on a piezoelectric substrate having two oppositelyf
facing end faces. The interdigital transducer has tﬁo peaks
of main lobes and it is assigned with weights so that the two
peaks of main lobes substantially coincide with frequency
positions of attenuation poles disposed across a main lobe of
a virtual normal-type interditigal transducer having the same
* number of pairs of electrodes as the weighted interdigital
transducer. Thus, the two types of resonance characteristics

can be obtained.

Figure 6.
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a piezoelectric substrate having two oppositely-facing end

reflecting an SH-type surface wave;
di sposed on. said piezoelectric

el ectrode fingers each having a respective di mension corr¢sj

ondi
characteristics of said |ghﬂgﬁqﬂA§%%ﬁp

assigned weight, frequency
interdigital transducer having two nuir8 | obes and an attefjudtion pole

bet ween sajd two mai n | obes,

said el ectrode fingers in such a manner- that the peaks of

an interdig

substrate and having

wherein said weights

far
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two even nodes of a frequency

said pairs of electrode fingers
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and a di stance between two oppositely-facing end faces of said
e _substantially

pi ezoel ectric substrate, and such that the attenuation p
coincides with frequency positions of 2Nth nodes of th

spectrum whereby said end-face reflecting-type surfac
2

resonator has .two resonance characteristics.

| surface wave
resonator according to claiml1, in a vigeo internedi ate {r qu’ARﬂQﬂ]e. D f

a video circuit, said video |IF stage having an input and
resonat or betng connected for receiving signals fromsai
providing signals to said output, wherein the first type

FIG. 6
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frequency than said first type of resonance characteristic _corresponds to

an adj acent -channel sound signal frequency of said video | - reh
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| 1. An end-face reflecting-type ‘surface wave 'resonator'

comprising°" ' | | | L _ |

a plezoelectrlc substrate hav1ng two opposrtely-faclng
end faces for reflecting an SH-type surface wave; _

an  interdigital transducer dJ.sposed .on. said
piezcelecfric substrate and having N pairs of electrode
fingers each having a respect:.ve dimension corresponding to
an assigned weight, frequency characteristics of said
weighted interdigital_ transducer having two maJ.n lobes and an
attenuation pole between said two main lobes,

wherein' said weights are assigned to said electrode
fingers in such a manner that the peaks of said two main
lobes - substantially and respectrvely coincide with frequency

pos:.t:.ons - of- two ‘even modes  of a frequency spectrum

: '_determlned by the number N of saJ.d pa:l.rs of electrode fJ.ngers

"and -a distance between  two oPPosz.tely-facJ.ng end faces of

said p:.ezoelectr:l.c substrate, and such- that the attenuation

pole substant:..ally co:.nc:.des with frequency pos:.t:.ons of 2Nth

modes of the. frequency spectrum, whereby said end-face

reflecti_.ng-type surface wave resonator has two resonance

characteristics.

2. A surface wave resonator according to claim 1, in a
video intermediate frequency stage of a video circuit, said
video IF stage having an input and an output, said resonator
being connected for receiving signals from said input and for

providing signals to said output, wherein the first type of



-~ resonance characteristic corresponds to an adjacent-channel
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video 'signal frequency of said video IF stage, while the

- second type of resonance characteristic exhibiting a higher

'frequency than said first type of resonance characteristic

corresponds to an adjacent-channel sound signal freqﬁency of

said video IF étage, whereby said resohgtor functions as a
it .

trap circuit for said IF stage.
3. A surface wave resonator accordihg to claim 1,
vherein each said weight is assigned according to a cross-

width weighting method.

4. A surface wave resonator according to claim 1,

‘wherein each said weight is assigned according to an

electrode-finger withdrawal method.



