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Pl EZOELECTRI C RESONATORS BACKGROUND OF THE | NVENTION This invention (éﬁqmeﬁ)
t'o pi ezoel ectric resonators 5 using SH type surface wav%alﬁgk e
particularly to-such piezoelectric resonators having a pl I*i of "

resonant characteristics. This invention also relates to g%g 9 BORIZ S | aureutis

conprising such piezoelectric resonatqers using SH type sukf&Ce Wwaves 10

and nore particularly to such trap circuits having not ol ®Rfality of

trap frequencies but also inproved attenuation characteristics. TrFE

circuits with characteristic as showm in Fig. 1 e
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PIEZOELECTRIC RESONATORS

BACKGROUND OF THE INVENTION
This invention relates to piezoelectric resonators
5 using SH type surface waves and more particularly to
such piezoelectric resonators having a plurality of
resonant characteristics. This invention also
relates to trap circuits comprising such
piezoelectric resonators using SH type surface waves
10 and more particularly to such trap circuits having '
not only a plqrality of trap frequencies but also
improved attenuation characteristics.

Trap circuits with characteristic as shown in Fig. 1
are used for the intermediate picture frequency

15 section in television video receivers and video tape
recorders in order to prevent beats due to
interference between adjacent channels. In other
words, signals must be sufficiently attenuated at the
adjacent-channel picture ‘carrier fréquency f.p and

20 the adjacent-channel sound carrier frequency f,,
(respectively 39.75MHz and 47.25MHz according to the
National Television System Committee (NTSC) of the
United States).

In order to obtain such a trap characteristic, it has
25 been customary to make use of two traps} one having
an attenuation pole at the adjacent-channel picture



are used for the intermediate picture frequency 15 section in television.
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- sufficiently attenuated at the adj acent - ¢hhannel picture car
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purpose, attention is coming to be focused on those
which make use of SH-type surface waves such as the
BGS (Bleustein-Gulyaev-Shimizu) wave. Fig. 2 shows a
BGS wave resonator 1 utilyzing the free-edge surface
10 reflection, comprised of a piezoelectric substrate 2
of a piezoelectric material such as piezoelectric
ceramics like lead zirconate titanate or
piezoelectric single crystals of LiNbO; or LiTaOj,

' having a quadrangular planar shape. If it is made of
15 a piezoelectric ceramic material, it is polarized in
the direction of arrow P. A pair of comb-shaped

electrodes 3 and 4, each having a plurality of
fingers 3a-3c and 4a—4c protruding 1nterd191tat1ngly
toward each other, is formed on the upper surface 2a

20 of the piezoelectric substrate 2 to serve as an
interdigital transducer. .

With the BGS wave resonator utilizing the free-edge
surface reflection type thus structured,'BGS waves.
. are excited if an AC voltage is applied to the comb-
25 shaped electrodes 3 and 4. The BGS waves are -
propagated in the direction shown by arrow X and is
reflected by the end surfaces of the piezoelectric
substraté 2. If the frequency spectrum determihed by
this interdigital transducer and the frequency
30 determined by the dimension between the end surfaces
are matched, a useful resonant characteristic can be
obtained from the surface wave resonator 1. Fig. 3A
- shows the'attenuation-frequency characteristic of
this end surface reflection type surface wave
35 resonator, and Fig. 3B shows its impedance-frequency
characteristic. Figs. 3A and 3B clearly shoﬁ that
-
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an attenuation pole at the adjacent.-channel picture - 2- caf&teﬁt:=~—-
frequency f ap and the other having an attenuation pole at hexr'f cgeT HAS BEEN
adj acent -channel sound carrier frequency [err], each trap b |ng f&FHéﬁ CHPt l
an LC resonant circuit or a piezoel ectricgresonator. As 5 p| SCTT1C
resonators to be used for -:such a purpose, attention is comng to be f ocused

on those which gnkeengesatrabe! yeE18utfiane typecsugfabeawat/iee
' resonator shown in Fig. 2, like the prior art LC
resonance circuits énd other kinds of piezoelectric
resonators, have a single resonance characteristic.

5 As a result, it has been necessary to provide and
connect two resonance circuits or piezoelectric
resonators to obtain a trap characteristic as shown
in Fig. 1, but the attenuation was not sufficient at

- each trap frequency even if two resonance circuits or
10 piezoelectric resonators were connected together. '

Single surface acoustic wave resonators making use of
the Rayleigh wave and having fwo resonance
characteristics have been known. For example, Kanda,
et al (Kokusai Denki Giho, No. 16, pages 1-7 (1992))

15 disclosed a surface wave resonant filter making use -
of the Rayleigh wave serv1ng as a double-mode
resonator making use of the zeroth-order longltudlnal
mode (the fundamental mode) and the second-order
longitudinal mode. 1In order to obtain two resonance

20 characteristics, however, this double-mode resonator
required more than two interdigital transducers and a
reflector. Its resonance characteristics are

- determined by the reflectivity-frequenéy

characteristic of the reflector but since the

25 reflectivity is large only in a small frequehcy
range, the distance between the two resonant
frequencies was as small as about 1MHz. In other
wdrds, a trap filter with characteristic as shown in

~ Fig. 1 cannot be formed with such a double-mode
30 resonator alone. .

SUMMARY OF THE INVENTION
It is therefore an object of this invention to
provide a piezoelectric resonator using SH type
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BGES (Bt eustei n--Gul yaev- Shim zu) wave. Fig. 2 shows a BGS wave resonator 1
utilizing the free-edge surface 10 reflection, conprised of a

pi ezoel ectric substrate 2 of a piezoelectric material. such as plezoelectrlc
ceramcs like lead zirconate titanate or -pezoel ectric single crystals of
[err] or [err], having a quadrangul ar planar. shape.” 1f it is made of 15 a
pi ezoel ectric csnaﬂacenaasesalcaphb&e ptl provdéding ahpldiragdtiyosfof arrow

i ngere Ha. oo ohbe3HAREIoR BEIERTEY ReARY. e, BT ERORIY BiBs ach ot her i
formed on the upper surface 2a
It is another object of this irivention to provide a
trap circuit capable of providing sufficiently large
5 attenuation at a plurality of trap frequencies.

'A piezoelectric resonator of the kind using SH type
surface waves, which embodies the present invention
and with which the above and other objects can be
achieved, may be characterized as comprising a

10 piezoelectric substrate and an intérdigital
transducer which is formed thereon and has at least
two resonance characteristics. Such an interdigital
transducer may comprise a pair of thinned-out comb-
shaped electrodes with finger-shaped portions

15 protruding interlockingly towards each other, or a
pair of coﬁb—shapéd electrodes with the lengths of
their fingefs varying such that the lengths of the
regions between the fingers, where surface waves can
be excited, will vary. Piezoelectric resonators thus

20 structured according to this invention have two
resonance characteristics with the resonant
frequencies separated by as much as about 8MHz. This
is either because resonators can be designed such

that the main lobe frequency determined by the .

25 interdigital transducer and the frequency determined
by the separation between the end surfaces are
separated farthef or because a plurality of main
lobes can be designed. Because the present invention
makes it possible to provide a plurality of trap

30 frequencies as shown in Fig. 1 by means of a single
chip, the number of components and the cost of
assembling these components can both be reduced.

A trap circuit embodying the present invention may be
characterized as being formed with a piezoelectric



20 -of the piezoelectric substrate 2 to serve as an interdigital transducer.
W th the BGS wave resonator utilizing the free-edge surface reflection type
thus structured, BGS waves are excited if an AC voltage is applied to the
conb- 25 shaped el ectrodes 3 and 4. The BGgwaves are propagated in the
direction showmn by arrow X and is reflected by the end surfaces of the

pi ezoel ectric subelsonator u|sflrId1SHf R FaRkRC Wavids(d @ndl Eoiptildiridh
interdigital transdycer and tﬁﬁ%ﬁ@%ﬁs %%%30 d%%Fr”‘ edﬂﬁche dlqggflon
between the end SuPPEELS c can
be interdigital transducers serving as two parallel-
connected resonant units having two resonance
5 characteristics. In other words, only a single
piezoelectric resonator is required according to this
invention to form a trap circuit with two trap
frequencies. When such a trap circuit is connected

between an input terminal and an output terminal, an

10 inductor may be inserted between these two resonant
units and/or between the input terminal and where the
two resonant units are connected together in order to
obtain more attenuation at adjacént—channel picture
and sound carrier frequehcies. '

15 Alternatively, two piezoelectric resonators according
to this invention may be used to provide two trap .
frequencies.

BRIEF SCRIPTION OF TH DRAWiNG

The accompanying drawings, which are incorporated in
20 "and form a part of this specification, illustrate

‘embodiments of the invention and, together with the

description, serve to explain the principles of the

invention. In the drawings:

Fig. 1 is an attenuation—freqﬁency characteristic of
25 a trap circuit having two traps;

Fig. 2 is diagonal view of a prior art BGS wave
resonator utilizing the free-edge surface reflection;

Figs. 3a and 3b are graphs showing the attenuation-
frequency and the impedance-frequency characteristics
30 of the surface wave resonator shown in Fig._z;



obt ai ned from the surface wave resonator 1. Fig. 3A shows the,[fﬁiéuﬂh«ﬂstwi
att enuat i on- frequency characteristic of this end surface reflectuoﬁgayﬁé

surface wave 35 resonator, and Fig. 3B shows its inpedance-freguency—=———" -
characteristic. Figs. 3A and 3B clearly slgaw that  -3- the end surface
reflection type surface wave resonator shown in Fig:"2, like the prior art
LC resonance ci pggi.t 4 dedaophan kiewsoff appieaekdectirdc resonator

according to a first embodiment of this invention;

Fig. 5 is a diagonal view of the.piezoelectric
resonator shown in Fig. 4;

5 Fig. 6 is a graph of the attenuation-frequency
characteristic of the piezoelectric resonator shown
in Figs. 4 and 5; '

Fig. 7 is a graph of the impedance-frequency
characteristic of the piezoelectric resonator shown
10 in Figs. 4 and 5;

Fig. 8 is a plan view of a piezoelectric resonator
according to a second embodiment of this invention;

Fig. 9 is a plan view of a piezoelectric resonator
according to a third embodiment of this 1nvent10n,

15 Fig. 10 is a plan view of a piezoelectric resonator
accordlng to a fourth embodlment of the invention for
forming a trap circuit with improved attenuation;

Fig. 11 is a circuit diagram of a trap circuit using
a piezoelectric resonator shown in Fig. 10;

20 Fig. 12 is a graph showing the attenuation-frequency
characteristic of the trap circuit shown in Fig. 11;

'Fig. 13 is a circuit diagram of another trap circuit
using a piezoelectric resonator shown in Fig. 10;

Fig. 14 is a graph showing the attenuation-frequency
25 characteristic of the trap circuit shown in Fig. 13;
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resonators, has a single resonance characteristic. 5 As a result;.it._has ...
béen necessary to provide and connect two resonance circuitF'aEEShEETHASBEEN-
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two resonance circuits or 10 piezoelectric resonators were connected
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Fig. 16 is a graph showing the attenuation-frequency
5 characteristic of the trap circuit shown in Fig. 15.

Throughout herein, components which are substantially
the same or at least equivalent to each other are
indicated by the same numerals and not described
repetitiously.

10 DETAILED DESCRIPTION OF THE INVENTION
In what follows, the 1nventlon will be descrlbed by

way of examples but these examples are not intended
to limit the scope of the invention. '

Figs. 4 and 5 show a pieéoelectric resonator 11

15 according to a first embodiment of this invention,
comprising a piezoelectric substrate 12 having a
rectangular plane and made of an appropriate
piezoelectric material such as piezoelectric ceramics
like lead zirconate titanate. The piezoelectric '

20 substrate 12 is subjected to a polarization process
in the direction shown by arrow P, parallel to its
main surface and also to the direction in which
electrode fingers, to be explaihed below, are
extended.

25 An interdigital transducer (hereinafter abbreviated
as IDT) 15 comprising a pair of mutually interlocking
thinned-out comb-shaped electrodes 13 and 14 is
formed on the upper surface of the piezoelectric
substrate 12. The comb-shaped electrodes 13 and 14

30 respectively have a plurality of electrode fingers
13a-13d and 14a-14i opposite to and in the direction
of P. It is to be noted in Figs. 4 and 5 that,

__—_————/
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of the;Rayl ei gh wave serving as. a doubl e-node resonator nmaking use of the
zerot h-order |ongitudinal node (the fundanental node) and the second--order.
| ongi tudi nal node. In order to obtain two.resonance 20 characteristics,
_however, this doubl e-node resonator requiiged nore than two interdigital
transducers and a reflector. Its resonance characteristics are determ ned
by the reflectidlthiohyhqthesy ellectrbdei fingerk 1Ba-188l antion4ari4di nce the

25 reflectivity s Large galuih) 3nsdRhbokiARUEaCHaEIBAC, chiigadnsbance

bet ween the two® nant reque Fes was a n ot her
134 extending from one of the electrodes (13) and

those 1l4a-14i extending from the other (14) are not

5 designed to appear alternately as one moves

~ transversely td the direction of extension of the
fingers. In other words, the IDT 15 may be described
as being formed by thinning out (or removing) some of
the fingers from two regular comb-shaped electrodes

10 interlocked with each other such that the fingers
extending therefrom are originally arranged
alternately.

-Described more in detail, the electrode 13 as shown
in Figs. 4 and 5 may-be considered to have its

15 fingers thinned out between the fingers l1l4c and 14g.
Of the regions between two mutuaily adjacent fingers,
let "1" denote those between two fingers adapted to
be connected to different voltages and "0" denote
those between two fingers adapted to be connected to

20 the same voltage. In other words, when different
voltages are applied to the two comb-shaped
electrodes 13 and 14, Regions 1 are where BGS waves
are excited and Regions 0 are where BGS waves are not
excited. The twelve regions between the fingers 1l4a

25 and 14i of the piezoelectric resonator 11 are denoted
sequentially as 1, 1, 1, 1, 0, 0, 0, O, 1, 1, 1, 1.

The fingers 13a-13d and 14a-14i are so designed that
- each region between a mutually adjacent pair'of
fingers has the same_width equal to one quarter of
30 the wavelength A of the BGS wave to be excited, that
the width of every finger except the outermost
fingers 14a and 14i is also A/4,Iand that the width
of the outermost fingers 14a and 14i is A/8. The |
outetmost fingers 14a and 14i are formed on the edges
35 of the upper surface and mutually opposite side end



words, a trap filter with characteristic as shown in Fig. 1 cannot be
formed With such a doubl e-node 30 resonator al one. SUMMARY OF THE | NVENTI ON
It is therefore an object of this invention to provide a piezoelectric
resonat or using SH type -4- -surface waxgs, capable of providing a
plurality of attenuation poles by nmeans of a single chinp.

surfaces 12a and 12b of the plezoelectrlc substrate

12. Comb-shaped electrodes as described above can be
produced, for éxample, by forming many fingers of
width A/4 at a pitch of also A/4 on a piezoelectric

5 substrate which is wider than the required
piezoelectric substrate 12 and dicing the
piezoelectric substrate such that the width of the
outermost electrodes 14a and 14i will be halved.

The piezoelectric resonator 11, as described above,

10 excites BGS waves propagating perpendicularly to the
direction of extension of the fingers 13a-13d and
l4a-14i of its comb-shaped electrodes 13 and 14 when
an AC voltage is applied to it through the electrodes
13 and 14. These BGS waves are reflected between the

15 edge surfaces 12a and 12b. In other words, the
piezoelectric resonator 11 is a surface wave
resonator of an end surface reflection type using BGS
waves, like the prior art resonator 1 shown in Fig.
2. 1Its attenuation-frequency characteristic and

- 20 impedance-frequency characteristic are shown in Figs.

6 and 7, respectively. Figs. 6 and 7 clearly Show
that the piezbelectric resonator 11 has two resonant
frequencies f,., and f,.,, that is, it has two
resonance characteristics. It is because the IDT 15

25 is formed with thinned-out electrodes. In other
words, two main lobes can be provided, determined by
such an IDT 15.

Acdbrding to a preferred embodiment of this

30 invention, the frequency difference between the two
resonant frequencies f,, and £, is about 8MHz. 1In
other wdrds, this invention makes it possible to
obtain two resonance characteristics with a much
larger frequency difference than in the case of

35 double~mode resonator filters using the Rayleigh
wave, as described above. This is probably because



It is another object of this invention to provide a trap circuit capable of
prOV|d|ng sufficiently large 5 attenuation at a plurality of trap
frequenci es. A piezoel ectric resonator of the kind usi'ng SH type surface
waves, which enbodi es the present i nventipg-and with which the above and

ot her objects can be achieved, may be characterized ‘as conprising a 10

pi ezoel ectri c sthst matia abuesnofntnedEge@abnbyaepéuceumwhetbrmanbﬂrned

nterdigrtal 1 Ras 8o DT, RuIE BATRERVIARA"C RECBUTRR "B haped
el ectrodes mnthpreﬁgat—sn&paulpOrmakns it POSSlble to PrOVlde
piezoelectric resonators with two resonant
5 frequencies with a relatively large appropriate
frequency difference by adjusting the material and
the dimensions of the piezoelectric substrate, as
well as the shapé of the thinned-out electrodes and
the dimensions of the fingers of the IDT. In short,
10 the piezoelectric resonator 11 can be used
effectively as a trap filter in the intermediate
picture frequency section for a television receiver

or a video tape recorder. In other words, it can be
used as a single trap chip having two trap
15 frequencies. '

_Fig. 8 shows another piezoelectric resonator 21
according to a second embodiment of the invention.
It has an IDT 25 formed with two thinned-out comb-
shaped electrodes 23 and 24. It is structured

20 substantially in the same way as the first embodiment
described above except in the manner in which the -
"thinning out" is carried out. In what follows,
therefore, only the structure of the IDT 25 will be
described, the components which are the same as in

25 the first embodiment being 1ndlcated by the same
numerals.

The electrodes 23 and 24 have two fingers 23a-23b and
nine fingers 24a-24i, respectively, with a total of
. ten regions defined between mutually adjacent pairs
30 of these fingers 23a, 23b and 24a-24i. The types of
these regions are sequentially o0, o0, 0, 1, 1, 1, 1,
0, 0, 0 from one end to the other.

By designing the piezoelectric resonator 21 such that
the frequency of the main lobe determined by the IDT



15 pretruding interlockingly towards each other, or a pair of conb-shaped
el'ectrodes with the | engths of their fingers varying such that the |engths
of the regions between the fingers, where surface waves can be excited,

w |l vary. Piezoelectric resonators thus-¢f structured according to thIS

i nventi on. have two resonance characteristics with the resonant frequencies
separat ed by as2puahdatheb@reqgibicy determined bgr thecdistanesonators can -

be, dest anee 1 oblbn! R TR, s3HB SGASIREABRIER DI 800 |
bet ween t he endfauvthercseparated, it was determined not only that
there were two resonant frequencies but that their
5 difference was 8.6MHz. The difference between the
two resonant frequeﬁcies can be adjusted by thinning
out the fingers diffefently from the two comb-shaped
electrodes 23 and 24 forming the IDT 25, although the
difference between the two resonant frequencies.

10 cannot be uniquely determined because it depends not
only on the manner in which fingers are thinned out
from.the_comb—shapeduelectrodes but also on other
factors such as the distance between the side edgé
surfaces 12a and 12b, the material of the

15 piezoelecttric substrate and_the size of the fingers.
It is possible, however, to adjust such factors
appropriately according to the purpose for which the
resonator is to be used. .

Fig. 9 shows still another piezoelectric resonator 31

20 according to a third embodiment of the invention,
also using a piezoelectric substrate 32 with a
rectangular planar surface to form a surface wave
resonator using BGS waves reflected at its side edge -
surfaces 32a and 32b. The piezoelectric substrate 32

25 .is uniformly polarized in the direction of arrow P
and a pair of comb-shaped electrodes 33 and 34 are
formed on its rectangular planar surface as according
to the first and second embodiments of the invention
described above. \

30 The third embodiment is distinguishable from the
first and second embodiments of the invention in that
neither of the pair of comb-éhaped electrodes 33 and.
34 has its fingers "thinned out", that the fingers of
the two electrodes 33 and 34 are aligned and protrude

35 directly towards each other and that the lengths of



separated farther or because a plurality of main | obes can be desi gned.
Bécause t he present invention nmakes it possible to provide a plurality of
trap 30 frequencies as shown in Fig. 1 by means of a single chip, the
nunber of conponents and the cost of assefgling these conmponents can both
be reduced. A trap circuit -enbodying the present .inventi.on may be

characteri.zed aghbgeenginhge#advarihsach ¢hael eder lengths5(in the
| direction of the fingers) of the régions each
sandwiched between a mutually adjacent pair of
fingers of the different electrodes 33 and 34 (where
5 su;face'waves are adapted‘to be excited) vary in the
direction of propagation of the surface waves.
Piezoelectric resonators thus'structured, tod, have
been found to have two resonant frequencies. It was
ascertained that the difference between the two
10 resonant frequencies could be about 9.2MHz. The
attenuation-frequency and impedance-frequency
characteristics of a piezoelectric resonator
according to the third embodiment of the invention
was found to be similar to those shown in Figs. 6 and’
i5 7.

Although thls 1nventlon has been described above with
reference to examples u51ng BGS waves as an example
SH type surface waves, it is not intended to limit
the scope of the invention. Use may be made equally

20 well of other SH type surface waves, such as Love

' waves, to obtain a resonator with a plurality of

resonant freqpencies by forming an IDT with thinned-
out electrodes or by varying the length of the
regions where surface waves are excited.

25 With a piezoelectric resonator as. described above,
attenuation at the adjacent-channel piéture carrier
frequency fap and the adjacent—éhannel sound carrier
frequency f,; is respectively about 13dB and 15dB.
The present invention further relates to trap

30 circuits.using piezoelectric resonators according to
this invention and having improved attenuation |
capabilities.

Fig. 10 shows still another piezoelectric resonator
51 according to a fourth embodiment of the invention



resonator using SH type surface waves and conprising a piezoelectric
substrate and two mutual |y connected interdigital transducers serving as
two parallel- connected resonant units having two resonance 5
characteristics. In other words, only a sifyle piezoelectric resonator is
required according to this invention to forma trap-circuit with two trap

frequenci es. Vﬁeﬁoﬁuﬁbrﬁihbaa tréﬁubirbﬁlﬁoﬂﬂeﬁtQﬂpbeb&aeattanuaﬁﬂbn
e oo BRSO RENE
two resonant un|referencennecFegsLogeahdrsbnthndepleaoelectric
resonator 51 is also comprised of a rectangular
5 piezoelectric substrate 52 of a piezoelectric
material such as piezoelectric ceramics like lead
zirconate titanate or piezoelectric 51ngle crystals
of LiNbOj or L1Ta03. If it is made of a
piezoelectric ceramic material, it is polarized in
10 the direction of arrow P. A pair of IDTs (herein
referred to as "the first IDT 53" and "the second IDT
54") is formed on the upper surface of the .
piezoelectric substrate 52. Each of them is
comprised of a pair of comb-shaped electrodes having
15 a plurality of fingers extending in the direction of
P or opposite thereto. One of the pair of comb-
shaped electrodes of the first IDT 53 is comprised of
a plurality of fingers 53a and a first connector
electrode 55 which is formed along one of the side
20 edges of the piezoelectric substrate 52. The other
of the pair of comb-shaped electrodes of the first
IDT 53 is comprised of a plurality of fingers 53b all
connected to a common connector electrode 56.
Another plurality of fingers 54a protrude from'the
25 common connector electrode 56 in a direction away
from the first connector electrode 55 and form,
together with the central connector electrode 56, one
of the pair of comb-shaped electrodes of the second
IDT 54. The other of the pair of comb-shaped
30 electrodes of the second IDT 54 is comprised of a
plurality of fingers 54b all connected to a second
connector electrode 57 which is formed along the side
edge of the piezoelectric substrate 52 opposite the
first connector electrode 55. These three connector
35 electrodes 55, 56 and 57 are connected to terminals
a, b and ¢, respectively, for application of
voltages. |



obtain nore attenuation at adjacent-channel picture and sound carrier
fréquencies. 15 Alternatively, two piezoelectric resonators according to
this invention may be used to provide two trap frequencies.. BRI EF-

DESCRI PTI ON OF THE. DRAW NG The acconpanyinygdraw ngs, which are

I ncorporated in 20 and forma part of this specification, illustrate
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in Fig. 10, it is to be understood that the fingers
for each IDT are formed as eXplained above for the
5 first embodiment of the invention with reference to
Figs. 4 and 5. In other words, for example, the '
fingers 53a, 53b, 54a and 54b are each of width equal
to A/4 except that outermost ones of each of the IDTs
53 and 54 are of width equal to i/8 and are arranged
10 at a pitch of A/4 on the piezoelectric substrate 52
where 1 indicates the wavelength of the surface wave
to be excited. |

Each of the two resonant units formed by the two IDTs
53 and 54 functions like a piezoelectric resonator
15 according to the first embodiment of the invention
described above, having two resonance
characteristics. In other words, it may be
interpféted that resonators according to the fourth
embodiment of the invention can be formed from a
20 resonator according to the first embodiment of the
"~ invention by forming a central connector electrode 56
transversely to the fingers at the center. The
lengths of the fingers in each IDT are adjusted such
that the IDTs 53 and 54 will each have two resonance
- 25 characteristics. '

As shown in Fig..ll, a trap circuit for a television
video receiver was formed by connecting the terminals
a and c of Fig. 10 between an input terminal IN and
an output terminal OUT and the terminal b to the
30 ground. In Fig. 11, numerals 58 and 59 indicate
resonant units formed by the two IDTs 53 and 54.
Inserted between the aforementioned piezoelectric
resonator 51 and the input terminal IN was a first
~resistor 61. Inserted between the ground potential
35 and a point between the input terminal IN and the



|
25 a trap circuit having two traps; Fig. 2 is diagonal view f “3“@$§i;EﬁQBEEN'
BGS wave resonator utilizing the free-edge surface reflectionjl_Eigs o

3b are graphs showi ng the attenuation- frequency and the

i npedance-frequency characteristics 30 ofsthe surface wave resonat or shown

in Fig. 2;° -6- Fig. 4 is a plan view of a piezoelectric resonator

according to a Eikst gekdditernielovakhias setvnd! resistor 62. Inserted

between the piezoelectric resonator 51 and the output

terminal OUT was a third resistor 63. Inserted
between the ground potential and a point between the

5 output terminal OUT and the third resistor 63 was a
fourth resistor 64. Fig. 12, which is a graph of the
attenuation-frequency characteristic of a trap
circuit thus structured, clearly shows that two traps
were formed at two frequencies fap and f,g and that

10 attenuation was as large as 15dB and 17dB at these
frequencies. It is to be noted, however, that
attenuation was undesirably large around the picture
carrier frequency f, which, as shown in Fig. 12, is
between the two trap frequencies f,, and f,; and

15 closer to the one at the higher frequency.

Next, an inductor 65 was inserted between the
terminals a and c as shown'by broken lines in Fig. 10
to form another trap circuit embodying the present
invention, the terminal b being again connected to

20 the ground potential as shown in Fig. 13. In other
words, this trap circuit is identical to the one
described above with reference to Fig. 11 except for
the insertion of the inductor 65. Thus, the same
'symbols as used in Fig. 11 are used to indicate

25 corresponding components of the trap circuit of Fig.
13. Fig. 14 is a graph of the attenuation-frequency
characteristic of a trap circuit thus formed, showing
that attenuation was respectively 22dB and 27.5dB at
its two trap frequencies f,, and f,,. This clearly

30 shows that insertion of the inductor 65 between the
terminals a and ¢ of the piezoelectric resonator 51
has the effect of increasing the attenuation at the
adjacent-channel picture and sound frequencies by 9dB
and 12.5dB. As can also be understood by comparing

35 the graphs in Figs. 12 and 14, furthermore, the
insertion of the inductor 65 has the effect of
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Fig. 5;/is a diagonal view of the plezoelectrlc resonator shown in Fig. 4; 5
Fig. 6is a graph of the attenuation-frequency characteristic of the

pi ezoel ectric resonator shown in Figs. 4 and 5; Fig. 7 is a graph of the -

I npedance-frequency characteristic of thejg+ezoel ectric resonator shown 10
in Figs. 4 and 5; Fig. 8 is-a plan view of a piezoel ectric resonator
according to a zredacdngrattemaatioh alti thenpdotuere, chrgie® is a plan view

hant onc®! o° Exbab@ta! 8 U6a¥ de"gobbeteilly de°Ra Bolonng' 1 <

I nventi on;
large at the picture carrier frequency.

Still another trap circuit was formed as shown in

5 Fig. 15, which is different from the circuit shown in
Fig. 13 in that anothér inductor 60 was inserted
between the terminal a and the input terminal IN.
Fig. 16 is a graph of the attenuation-frequency
characteristic of a trap circuit thus formed, showing

10 that attenuation was respectively 26dB and 33dB at
its two trap frequencies f,, and f,;. This clearly
shows that an insertion of the inductor 60 between
the terminal a and the input terminal IN has the
effect of further increasing the attenuation at the

.15 adjadent-channel picture and sound frequencies.

Table 1 shows the magnitudes of attenuation by each
of the three trap circuits described above |
(respectively with reference to Figs. 10-12, 13-14
and 15-16) at the édjacent-channel picture and sound

20 carrier frequencies f,, and f.,. o

. Table 1
Attenuation at f,, Attenuation at f__
_ (dB) (dB)
Circuit of Fig. 11 15 . 17
Circuit of'Fig. 13 | 22 27.5
Circuit of Fig. 15 ' 26 ' _ | 33

25 Although only three trap circuits have been shown
above as embodying the present invention,'these
embodiments are not intended to limit the scope of
the inventioﬁ.. Many modifications and variations are

possible within the scope of this invention. For



15 Fig; 10 is a plan V|em10f a piezoelectric resonator according to a
fourth enbodi ment of the invention for formng a trap circui f—tf
attenuation; Fig. 11 is a circuit diagramof a trap circuit svﬁg‘ad~ﬂ HAS BEEN
pi ezoel ectric resonator shown in Fig. 10;4p0d 20 Fig. 12 is § grapHEERbWFRg

- the attenuation-frequency characteristic of the trap circuit Shown Tn F Q.
11. -7- Fig. ekampled eitiqll anditheratrap elircuhitnaheeforined with

an inductor (like the inductor 60 shown in Fig. 15)
added between the terminal a and the input terminal
IN of the circuit shown in Fig. 11 without any
5 ihductor (such as the inductor 65 shown'in Fig. 13 or

15) inserted between the terminals a and c of the
resonator 51, and it waé discovered by using such a
trap circuit that the attenuation was 21dB and 24dB
-at the adjacenf-channgl picture and sound carrier

10 frequencies fap and f,4, respectively.

As another example, two piezoelectric'resonators, as
shown for example in Fig. 4, may be used in the
examples given above in place of the piezoelectric
resonator 51 according to the fourth embodiment of

15. the invention. In other words, two piezoelectric
resdnators 11 described above may be used to serve as
the two resonant units 53 and 59 shown in Figs. 11,
13 and 15, an inductor being connected therebetween
(like the inductor 65 shown in Figs. 13 and 15)

20 and/or another like the inductor 60 shown in Fig. 15.
Attenuation at the two trap frequencies can be
thereby effectively improved in a similar manner.
Although the use of a piezoelectric resdnator
according to the fourth embodiment of the invention

25 is advantageous because the circuit structuré can be
thereby simplified because the resonant units are

formed on a single chip, it is feasible according to

i
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circuit using a piezoelectric resonator shown in Fig. 10; and Fig. 16 is a
graph showi ng the attenuation-frequency 5 characteristic of the trap

circuit shown in Fig. 15. Throughout herein, conponents which are
substantially the same or at | east equivalent to each ot hgr areﬁkqggﬁgﬁee ”

by the sane nuneral s and not described repetitiously. 10

B
DESCRI PTT ON OF THE TNVENTION 1 nwhat 1ol | ovs.  the i hventi harutl Ml

descri bed by way of exanples but these-asanples are not intended to limt
the scope of the invention.

10

15

20

the present invention to use two resonators using SH
type surface waves in order to form a trap circuit
with greater attenuation than was possible with prior

art LC resonance circuits.

When two resonators ére used in place of a single
resonator 51 according to the fourth embodiment of
the invention, as discussed above, these two
resonators need not be resonators according to the
first embodiment of the invention described above
with reference to Figs. 4 and 5. Still another trap
circuit was formed, similar to the one described
above with reference to Fig. 11 but using two
resonators 31 according to the third embodiment of
the invention to serve as the two resonant units 58
and 59 of Fig. 11, and it was discovered that the
difference betweén the two resonant frequencies could

also be increased to about 8MHz.

In summary, all such modifications and variations
that may be apparent to a person skilled in the art
are intended to be included within the sgope of the

invention.

As used herein the term 'SH type surface waves' means

shear horizontal type surface waves&}

; This Sheet Has Been Re[ilaced




Figs. 4 and 5 show a Elezoelectrlc resonator 11 15 according to a first

embodi ment of thi sé““ Hg i““lllﬂMl sing a piezoelectric substrate 12
havi ng a rectangul of an appropriate plezog @§§mé§rHASBEEN
mat eri al such as plezoelectrlc ceran1chygke | ead 2|rcona% |tﬁ@§Lchﬁhe

pi ezoel ectric 20 substrate 12 is subjected to a polarlzad !
the directi on WHAT 18 CGLAIMED.I®arallel to its main surface and also to

the direction in which electrode fingers, to be explained below, are
extended. 25 An interaipieadeleatsiiocresohater masing SHbtypeat ed

" surface waves, said resonétor comprising:
a piezoelectric substrate; and
5 an interdigital transducer which is fofmed on
said substrate and has at least two resonance

‘characteristics.

2. 'The:piezqelectric resonaﬁér of claim 1 -
wherein said interdigital transduger comﬁrises'a pair
10 of thinned-out comb-shaped electrodes each having a
plurality of fingers protruding iowards the other
electrode, said fingers from said pair of electrodes
being in mutually interlocking formation, at least
one mutually adjacent pair of the fingers of one of
15 said electrodes sandwiching therebetween two or more

of the'fingers of the other of said electrodes.

3. The piezoelectric resonator of ciaim i
wherein said interdigital transducer comprises a pair
of comb-shaped'electrodes each héving a plurality of

20 parallel fingers protruding in rows towards the other
electrode, each of the fingers from one of the
electrodes being aligned with one of the fingers from
the other electrode, the lengths along said fingers
of regions where surface waves can be excited upon

25 applicatidn of a voltage across said electrodes

varying over said rows,

This Sheet Has Been Reﬁlaced .
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as | DTy 15 conprising a pair of nutually interlocking thinned- out
conb-shaped el ectrodes 13 and,14 is forned on the upper surface: -
pi ezoel ectric substrate 12. The conb- shaped el ectrodes 13 a| drﬁHS§Mh‘“*‘*:>-~7
respectively have a plurality of el ectrodgg$ingers 13a-13d and 14ﬁaﬂ3&( BEEN
opposite to and in the direction of P. It is to be noted in Fi k\\j
t hat , al t hough t hesahel pdiezodd ecdtider rekdnatdt afdclbdiml P are’in a =
nutually dinterlocking formati on, those 13a-
wherein each of said fingers except those at both

ends of.said piezoelectric substrate have width equal .
to one-quarter of the wavelength of surface waves

5 excited in regions between said fingers and mutually
adjacent pairs of said fingers are separated by one-

quarter of said wavelength.

‘5. The piezoelectric resonator of claim 3
wherein each of said fingers except those at both

10, ends of said piezoeleetric substrate have width equal
to one-quarter of the wavelength of surface waves
excited in regions between said fingers and mutually
adjacent pairs of said fingers are separated by one-'

quarter of said wavelength.

15 6. The piezoelectric resonator of claim 1
comprisinﬁ'two interdigital transducers which are
formed on said piezoelectric substrate and are
connected to each other so as to form two fesonant"

units each having two resonance characteristics.

20 7. A trap circuit comprising a piezoelectric
resonator using SH type sﬁrface waves, said resonator
comprising:

a piezoelectric“substrate; and
an interdigital transducer which is formed on

25 said substrate and has at least two trap frequencies.

S —
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13d extendi ng froaﬂﬂﬂf of the electrodes (13) and those 14a- 14i .extendi ng

from the ot her ”)ﬂlﬂf gned to appear alternately as .Qne. o
transversely to t n xtension of the fingers. In othe; $Dﬁﬂ :
the IDT 15 may be described a$ being forapg-by thi nni ng out (iof-r-emBViAg) me !
some of the fingers fromtwo regul ar conb-shaped el ectrodes 10 interlocked

with each other8such tITite ttrag icigens texdfe rdiation t7hevhefredn aeriddriginal Iy
arranged alternately. Described nore in detail, the electrode 13 as shown

in Figs. 4 and BlsayeBQC¢@n9|@eso@atorhawmprnses two interdigital

transducers which are formed on said_piezoelectric
substrate ‘and are connected to each other so as to
5 form two resonant units each having two resonance

characteristics.

9. The trap circuit of claim 8 further
comprising an inductor connected between said two

resonant units.

10 10. The trap circuit of claim 8 wherein one of
said interdigital transducers has a signallreceiving
‘terminal through which signéls ffom an input terminal
are adapted to be received by said trap circuit, said

~trap circuit further comprising an inductor connected

15 between said signal receiving terminal and said input

terminal.

11. The trap circuit of claim 10 further
comprising another inductor connected between said

two resonant units.

20 12. The trap circuit of claim 7 comprising two
piezoelectric resonators using SH type surface waves,
said two resonators being both formed on said

piezoelectric substrate, each havin§ an interdigital

is Sheet Has Been Replaced
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15 . fingers thinned out between the fingers—t4e—and—14g. O the regqi ons

between two nutual |y adjacent fingers, let "1" denote those between t
fingers adapted to be connected tﬂmmllﬂ m‘“mtug“?es and, "0 A@Bgms
befween two fingers adapted to be he sa %%ﬂ pln

ot her words, when different voltagés are applled to the two conb shape

el ectrodes 13 and 14, Regions 1 are where BGS waves are mu“ml‘m"lﬁ'“ ons
0 are where BGS waves are not excited. The twelve regioni

fingers 14a 25 and 14i of the piezoel ect22ic resonator 11 are denoted

sequentially as 1, 1, 1, 1, o0, O, O, O, 1, 1, 1, 1.
transducer, belng connected in parallel and providing

two resonance characteristics.

13. The trap circuit of claim 12 further
5 comprising an inductor between said two piezoelectric

resonators.

14. The trap circuit of claim 12 wherein one of said
two piezoelectric resonators has a signal receiving
10 terminal through which signals from an input terminal
are adapted to be received by said trap circuit; said
trap circuit further comprising an inductor connected
between said signal receiving terminal and said input
terminal.
15
15. The trap circuit of claim 14 further

comprising another inductor connected between said

two plezoelectrl

-'-—rr‘

egonators.

20 16. A surface wave transducer device having at least

two resonance characteristics.

17. A trap circuit comprising a surface wave
transducer device in accordance with claim 16.

25

18. A piezoelectric resonator substantially as
hereinbefore described with referenéé to Figures 4 to 7,



The fingers 13a-13d and 14a-14i are so de5| gned that each region between a .
mitual |y adj acent pair of fingers has the same width equal to one quarter
of 30 the wavelength [err] of the BGS wave to be excited, that é?g Wdth
of every finger except the outernost fingers 14a and mw& Fr]/4
and that the width of the outernost fingers 14a and 14i i R 8 The

outernost fingers 14a and 14i are forned on the edges m‘
surface and nutually opposite side end \ “m‘“ m‘m
23

ROkt [ 11111
LR * c - L M S *

19. A trap circuit substantially as hereinbefore
described with reference to .Figures 11 and 12, 13 and 14

5 or 15 and 16 of the accompanying drawings.
10
15
20

25
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| THIS Shppr s
surfacés 12a and 12b of the piezoelectric substraté 12.;£§§ﬂﬁ£§haﬁeq’
el ectrodes as described above can be produced, for*@%aﬁnﬁé;fﬁyf?orn1. many
H@gms of width [err]/4 at a pitch of2also [err]/ e L05
substrate which is wider than the required piezoellectri CaSutisfitiat e 18 and
dicing the piezoel ectric substratggteirst hat the SERYEIVH heEiguEetinpst
el ectrodes 14a and 14i will be halrved. The pi ezoel*gctrie—resonator-—f, as

descri bed above, 10 exciHﬁﬁgﬁﬁﬁﬁggﬁgﬁigggggﬁﬁg perpendicularly to the

direction of extension of and l1l4a-14i of its
conb- shaped el ectrodes 13 and 14 when
A single-chip piezoelectric resonator using SH type
surface waves has an interdigital transducer formed
on a piezoelectric substrate. The interdigital
5 transducer is designed to have two or more resonance
. characteristics, for example, by using a pair of
thinned-out comb-shaped electrodes with mutually
interlocking fingers protruding towards each other.
Such an interdigital transducer may be formed also by
10 using a pair of comb-shaped electrodes with the
lengths of their mutually pointing fingers varied. A
trap circuit with two sufficiently separated trap
frequencies and improved attenuation characteristics
at these two trap frequencies can be formed by
15 two interdigital transducers of the kind
described above on a single piezoelectric substrate
so as to provide two .resonant units each having two

resonance characteristics.

20
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an AC voltage is applied to it-through the electrodes 13 and 14. These BGS -
waves are reflected between the 15 edge surfaces 12a andizZb——Frothetomy,
words, ‘the piezoelectric resonator 113 j45 a surface wave rf§$ﬁ%§a§§6ﬁvémﬁéhd1§_
surface reflection type using BGS waves, |ike the prior dtt_reddidrégial !
shown in Fig. 2. Its attenuation-frequency characteristic and 20 -
i npedance-frequency characteristic are shown in Figs. 6 and 7.
respectively. Figs. 6 and 7 clearly show that the piezoelectric r
11 has two resonant fré¢quencies [err] and [err], that is,
resonance characteristics. It is because the IDT 15

esonat or
it has fwo -
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25 is fornmed with thinned-out electrodes I n ot her words,.. Ima<ﬂa+ﬁ—+0be, B
can be provided, determ ned by suchognq4 DT 15. According oxaupTETerred s
enbodi nent of t-his 30 invention, the #requency di ff erence between'tHe: two..
resonant frequencies [err] and [err]

i s about 8VHz. In ot her=words: this
invention makes it possible to obtain two resonance characteristics with a

much I arger frequency difference than in the case of .35 doubl e-node

resonator filters using the Raylelgh wave, as described above. This is
probably because :

A
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-10- twe main Iobes of the frequency spectrun1detern1ned by the IDT could

be provi ded. Accordingly, the present3ymtention nmakes it possible to. .. __
provi de piezoelectric resonators with two resonant 5. frequen¢|ﬂ%owAtﬁwa
relatively large appropriate frequency difference by adjusti

and the di nensions of the piezoelectric substrate, as
t he t hi nned- out electrodes and t he dlnen5|ons of the fingers of the IDT. In

short,

\g thegoaigrial |
wel | a —#——hp—':-hﬂﬁp—-m‘—-— e
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10 the piezoelectric resonator 11 can be used effectivel y.as.a. trap.filter..
«~in the internedi ate picture fteqa§n§¥'section for a tel evision.receiver: or
a video tape recorder. In other ( S, it can be used asﬁa si ngte ta:ap chip
having two trap 15 frequencies. Fig. 8 shows anot her piezoekectrictm s’
resonator 21 according to a second enbodi nent of the invention. It has an
~IDT 25 forned with two thinned-out conb- shaped el ectrodes 23 and 24. It is
structured 20 substantially in the same way as the first enbodi nent
descri bed above except in the manner in which the :

12a
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“thinning out” is carried out. In what follows, therefore, only the
stfuctire of the IDT 25 will be described, the conponents W Ch.ar
same as in 25 the first enbodi ment” by indicated by the: 5ahé¥A
The el ectrodes 23 and 24 have two fingers 23a-23b and ni ne'l fJﬂgeT

respectively, wWih a total of fen regions defined between nutually adjaceht
pairs 30 of these fingers 23a, 23b and 24a- 24i. The types of tnese S

are sequentiagjly 0, 0, 0, 1, 1, 1, 1, 0, O, O fromone.end to the other. |By
designing'the-piezoelectric resonator 21 such that

ATTEVVATION
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the frequency of the main | obe determ ned by the |IDT 25 and the
frequency determ ned by the di stance between the two Si de—etige-strf-aces 128
and 12b are farther separated, it wassdet erm ned not onh/'HhaE TReFeSwere! W
two resonant frequencies but that their 5 difference maa ‘8. 6MHEBF I ThED H
di fference between the two resonant frequencies can be aﬁ?ualeu by -t hi Ani ng
out the fingers differently fr the two conb-shaped el ectrodes 23 and 24

formng the IDT 25, although t 233 23b 12
- A \ / 12b
25 {° -
24 _24a E 243.
\ 2461 24h
S gz; ~ 24
. o .';yQQ. |\
\ fj-g - |2arit
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_ dlfference betmeen the two resonant frequenci es 10 cannot be uni quely
det ermi ned because it depends not on;z gn ‘the manner in which.fingers are .
t hi nned out fromthe conb-shaped el ec }bdes but al so on ot her faetors ‘such -
as the distance between the side edge surfaces 12a and 12b, thes naterlal off
the 15 plezoelectrlc substrate and the size of the fingers:=it- e passrble 2
however, to adjust .such factors @gppropriately according to the purpose for -

whi ch the resonator is to be ysed. Fig. 9 shows still another piezoelectric
resonator 31 20 acqendhng-bo a third enbodpnent of the |n:/n§ﬂon '
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al so using a plezoelectrlc Substrate 32 with a rectangular planar surface -
to forma surface wave resonator using BGS waves refl ected at= ST fe
surfaces 32a and 32b. The piezoel ect %t substrate 32 25 is ynf’
-polarized in the direction of arrow P and a pair of conb-shd ’ N
.33 and 34 are formed on its rectangul ar planar surface as accordlng to the
first and second enbadi nents of the invention described above. 30 The third
enbodi ment i s distinguishablle fromthe first and second enbodi nents of the

i nvention in that neither of the“pair of conb-shaped el ectrodes 33 and
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34 has its fingers "thinned out", that the fingers of th‘_LMQ_ﬁLﬁQLLQdﬁi_SB
and 34 are aligned and protrude 35 & ety t owar ds each m;ﬂgflhag ;@en
| engt hs of -12- these fingers vary[such that the | ength % @'?9

di rection of the fingers) of the regions each sandw ched
adj acent pair of fingers of the different el ectrodes 33 and 34 (mhere 5

1

~ surface waves are adapted to be excited) vary in the

el
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dlrectlon of propagatlon of the surface waves. Piezoel ect re=rasqnat or.
thus structured, too, have been found to have two resonant| frequenci-e 3
was ascertalned_that .the difference I¥btMeen the two 10 regonant xfrequenci s |
coul d be about 9.2MHz. The attenuation-frequency and i npedarce=fregquency.-== "
“characteristics of a piezoelectric resonator according to the third

enbodi ment of the invention was found to be sinilar to those s ' L. gs.

— e

strowr=a-Figs.
6 and 15 7. Although this invention has been descri bed above WPﬂBSHErTHA -

\,i.)!

reference to exanpl es Isi ng BGS waves as an exanpl e : REPLACEy
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.SH type surfate waves,

adj acent - channel picture carrier frequency [err] and the adj Cﬁng nhel
[err] is respectively about 13¢B an
relates to trap

sound carrier frequenc
present invention furt

it
i nventi‘on. Use may be nmade equally 20 well of other
such as Love waves, to obtain a resodd/dd with a plur
frequenci es by forn1ng an IDT with thinned- out electr
the length of the regions where surface waves are excited. 25. Wth: a
pi ezoel ectric resonator as

r

is not intended to limt the

——‘__-_‘
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30 circuits using piezoelectric resoﬁé;stgsyem $hng to this i
*havi ng i nproved attenuati on capabilit

Ies-.: Fi 10 showps st ARNTRSIeET
pi ezoel ectric resonator 51 according ?ﬁog%ﬂﬁq&, ‘enbo r‘r*_lsalr‘rl[&'ng t he
i nvention -13- for formng a traplkgttcuit wth inpr

capability. Like the resonator descni/bgd above with re
and 5, this piezoelectric

1]
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rTesonator 51 is also conprised of a rectangular 5 plezoelectrlc substrate
52 of a piezoelectric material such as piezoel ectri
zirconate titanate or piezoelectric single crystals
Ft is made of a pi ezoel ectric ceranmi-eererial, it i
direction of arrow P. A pair of |DTs2ffterein referr
53" and "the second IDT 54") is forrned on the upper
pi ezoel ectric substrate 52. Each of themis conprised of a pair

conb- shaped el ectrodes qsving 15 a plurality of fingers extending in the
direction of
2
S
%
D
E;?
<<
. >
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P or opposite thereto. One of the pair of conb- shaped el ectrodes of the
first IDT 53 is conprised of a plurality of fingers 53a and a first
connector electrode 55 which is formed al ong one of the_SLde-za/f”_“
t’he piezoelectric substrate 52. The giler of the p EhAPS
el~ectrodes of the first IDT 53 is co my,hsed of a plu |ty
all connected to a common connect or e#étf?ﬂde 56. AnQthsag . pl.
fingers 54a protrude fromthe 25 comon connector el
direction away fromthe first connector el ectrode 55 and for
with the central connector el ectrode 56, one

\\ _13C
X
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5] 1a P~ TaNarnnnk
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of the pair of conb-shaped el ectrodes of the second | DT 54. The ot her of

the pair of conb-shaped 30 el ectrodes of the second IDT 54 is @omprrsed of —— ——
a plurality of fingers 54b all- connected tgQ,a second cohnector eﬁé%%ﬁ cfarRY; SHEE
which is forned along the side edge of thg | ezoel ectric substmate 52

opposite the first connector el ectrode 55 ese three connect ¢jr D&B .. BorZeeieinaeenes
el ect.rodes 55, 56 and 57 are connected to termnals a, b and c, >
respectively, for application of voltages. 26 oCT 199

12a




_14- Al t hough the fingers 53a, 53b, 54a and 54b form ng the two I DIs 53 and
54 are only schematically drawn in Fig. 10, it is to be un %&%ﬁ@f“&*ﬁgr%ﬁEET-

fingers for each IDT are formed as exp-sihed above for the
enbedi ment of the invention with refersggge to Figs. 4 and L@Vother
the fImgers—e3a,— —54a and 54b are qach.of Wighere

words, for exafple, , L i}
equal to [err]44 except that outernpbst ones of eat and 54 qa
are" of wwdth efjual to [err]/8 and are arranged 10 at a pitch of [ernﬂg

t he piezoel ect}fic substrate 52
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where [err] indicates the mavélength of the surface wave to be excite

Each of the two resonant units forned .by the two | DF

T |
i ke a piezoelectric resonator 15 acegsti ng to the f BEPL%ﬁﬁﬁéﬁﬁéﬁgﬁgf

invention described above, having tmg“besonance charbact er |

words, it may be interpreted that resefators accordilh@oé

wns

t he

fer

enbodi ment of the invention can be fornmed froma 20 resonat

the first embodi ment of the inghtion bé form ng central
3aa3bc}2’%

el ectrode 56 transversely to the<{i nger
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| engths of the fingers in each IDT are adjusted such that the IDIs 53 and
‘54 w |l each have two resonance 25 characteristics.. As §

trap circuit for a television videc##adei ver was forned lbhtpm*i\fﬁ@b@
termnals a and ¢ of Fig. 10 betweern/an input term nal KN and an_outp
ternminal OUT and the terninal b to ‘fﬁ 30 ground. In Fi .Dé.té,jm v 98
and 59 indicate resonant units fornmed by the two | DTs 53=and-G

bet ween t he af orementi oned p| oel ectric resonator 51 and thelnztﬁl Ueff
termnal INwas a fILSI. Lesigf or 61. Inserbed bet ween t he grg]hd pot enti al
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35 and a point between the input terminal IN and-the -15- first resistor
61 was a second resistor 62. Inserted between the piezoelectric resonator
51 and the output term nal OUT was a -B#ddd resistor 63. lnserted between
the ground potential and a point bet the 5 output term
thhe third resistor 63 was a fourth r or 64. Fig. 12, '
of the attenuation-frequency characteristic of a trap
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circuit thus structured, clearly shows that two traps were formed at two
frequencies [err] and [err] and that 10 attenuation was as large as 15dB

and- 17dB at these frequencies. It is to smated, however

was :undesirably | arge around the picture oG rier frequenc) hesidoashiehSHEET
shown in Fig. 12, is between the two tr quencies [ert)] and [err{’ ar\ggs
15 closer to the one at the higher frequency. Table 1 ghows: tl@ ..................

magrii t udes of attenuation of the trap circuit described af = i
adj acent - channel picture and sound carrier frequencies [er r} an%gle;_u“,zg——-—‘
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Table 1 Attenuation at [err]

(dB) Grcuit of Fig. 11

one trap circuit has been shown above as+s&bodying the priegent - |nven‘5 QT
e scope of thdl invention. Many

ithin the 30 || pgepg Bf OLNI1999...

this enbodi nent i s not

] i ntended to i
nodi fications and vari ations are possi
i nventi on. For PAGE 17 FOLLOWS
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-16- reducing attenuation at the picture carrier frequency, or that of
preventing it frombecomng large at the picture carrier_frequency Still
another trap circuit was formed as shown in 5 Fig. 15, hﬁbm&:ﬂbfﬁ SHERY |
6
=)

fromthe circuit shown in Fig. 13 in that another inducto S% ]gﬁ
between the termnal a and the input termnal IN Fig. Dk aV\% p‘ﬁrﬁf E,
S *mf-mnd —~—Qhﬁ-\M-—H—J

attenuati on-frequency characteristic ﬁf/1§ trap circuit f

14
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10 that attenuation was respectively 26dB and 33dB at

its two trag_, """" —

~frequencies [err] and [err]. This clearly shows that an.i ‘q@, Eﬁ e
i nductor 60 between the terminal a and3té-input ter miiglegh NCE ‘*Q§¥ﬁff
‘of further increasing the attenuation pi‘Ct

and sound frequenci es.

Table 1 shows
of the three trap circuits described above (respectivel

he 15 adj ace t-cha
13 gni tudes of q§t1d

Bher

erence to

Figs. 10-12, 13-14 and 15-16) at the adjacent-channel p|cturewand.smuumL;HLTﬁmr
carrier frequencies [ern] and [err]. Table 1 | TrUS SHEETHE - . ..
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Attenuation at [err] Attenuation at [err] (dB)
Crcuit of Fig. 11 15 ' R 17 CMm;;##zqﬁzﬂﬁj}ffi

22 27.5 Circuit of Fhg- 15 2BEFLATEMENT ¢

33 25 Al though only three trap circuits have been shown abovgz'il‘1 Wyl hg
the present invention, these enppsirEOrs are not intendedato %

scope of the invention. Many nodifications and varlatléﬁédafe_puaauuue

mﬁthih the scope of thiSPiEX&EﬂEBPngoﬁESONATORS

‘A single-chip piezoelectric resonator using SH type

[45)
surface waves has an interdigital transducer formed
A2)
'on a piezoelectric substrate. The interdigital

(#5),
transducer is designed to have two or more resonance

characterlstlcs, for example, by using a pair of

(13.4%)
thinned-out comb- shaped electrodesYwith mutually

interlocking fingers protrudlng towards each other.

(15
Such an interdigital transducer may be formed also by

using a pair of comb-shaped electrodes with the
lengths of their mutually pointiné fihgers varied. A
trap circuit with é&o sufficiently separated trap
frequencies and improved attenuation characteristics
at these two trap frequencies can be formed by

two interdigital transducers of the kind

described above on a single piezoelectric. substrate

.so' as to provide. two .resonant units each having two

resorance characteristics.



-17- exanple, still another trap circui pp/\s mewedwa t& av\\-ﬁ:fduct or -

added between the termnal a and the input termnal INof the circ ogdhih ‘
in Fig. 11 without any 5 inductor inserted between-tthe term nals a{and Aplactont,
of the resonator 51, and-it was discovered by using such a trap circuit

that the attenuation was 21dB and 24dB™&T the adjacent-channel picture and

sound carrier 01 it CAHERELSSy L] Jard Ll dinied! FRRAGHG HH V-
attenuation pole at the adjacent-channel sound
carrier frequency f£,,, each trap being formed with an
LC resonant circuit or a piezoelectric resonator. As

S piezoelectric resonators to be used for such a ~
purpose, attention is coming to be. focused on those
which make use of SH-type surface waves such as the
BGS (Bleustein-Gulyaev-Shimizu) wave. Fig. 2 shows a
BGS ﬁave resonator 1:utilizing the free-edge surface

10 reflection, comprised of a piezoelectric substrate 2
of a piezoelectric material such as piezoelectric
ceramics like lead zirconate titanate or
piezoelectric single crystals of LiNbO; or LiTaOj,

- having a quadrangular planar shape. If it is made of
15 a piezoelectric ceramic material, it is polarized in
the direction of arrow P. A pair of comb-shaped

electrodes 3 and 4, each having a plurality of
fingers 3a-3c and 4a-4c protruding interdigitatingly
toward each other, is formed on the'upper surface 2a

20 of the piezoelectric substrate 2 to serve as an
interdigital transducer. -

With the BGS wave resonator utilizing the free-edge
surface reflection type thus structured, BGS waves
are excited if an AC voltage is applied to the comb-

25 shaped electrodes 3 and 4. The BGS waves are
propagated in the direction shown by arrow X and is
reflected by the end surfaces of the piezoeleétric
substrate 2. If the frequency spéctrum determined by
this interdigital transducer and the frequency

30 determined by the dimension between the end surfaces
are matched, a useful resonant characteristic can be
obtained from .the surface wave resonator 1. Fig. 3A
shows the attenuation-frequency characteristic of
this end surface reflection type surface wave _

35 resonator, and fig. 3B shows its impedance-frequency
characteristic. Figs. 3A and 3B clearly show that
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As anot her exanple, two piezoelectric resonators, as shown for exanple in
Fig. 4, may be used in the exanpl es given above in place of the
pi ezoel ectric resonator 51. 15 20 Attenuation at the two trap frequencies
can be thereby effectively inproved in a simlar manner. Although the use
of a piezoelectric resonator 25 i s advarltageous because the circuit
structure canﬁge th reb¥ sinplified becaﬁ§e the resonant units are forned

on a single chPf, ePf FUTFALS BREIECEIPH hyPpoSurface wave

resonator shown in Fig. 2, like the prior art LC
resonance circuits and other kinds of piezoelectric
resonators, has a-single resonance characteristic.
¥
S As a result, it has been necessary to provide and
connect two resonance circuits or piezoelectric
resonators to obtain a trap characteristic as shown
in Fig. 1, but the attenuation was not sufficient at
each trap frequency even if two resonance circuits or
10 piezoelectric resonators were connected together.

{ Single surface acoustic wave resonators making use of
the Rayleigh wave and having two resonance
characteristics have been known. For example, Kanda,
et al (Kokusai Denki Giho, No. 16, pages 1-7 (1992))

15 disclosed a surface wave resonant filter making use
of the Rayleigh wave serving as a double-mode
resonator making use of the zeroth-order longitudinal
mode (the fundamental mode) and the second-order
longitudinal mode. 1In order to obtain two resonance

20 characteristics, however, this double-mode resonator
required more than two interdigital transducers and a
reflector. Its resonance characteristics are

- determined by the reflectivity-frequency
characteristic of the reflector but since the

25 reflectivity is large only in a small frequency
range, the distance between the two resonant
frequencies was as small as‘about 1IMHz. In other
words, a trap filter with characteristic as shown in
Fig. 1 cannot be formed with such a double-mode

30 resonator alone.

SUMMARY OF THE INVENTION
‘It is therefore an object of this invention to
provide a piezoelectric resonator using SH type

This is the replacement sheet
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-18- the present invention to use two resonators using SH type surf%&ﬂpoqﬁ'}
waves in order to fforma-trap circuit with greater attenuation than was
possible with prior art LC resonance circuits. 5 Wen two resonators are
used in place of a single resonator 51 according to the fourth enbodi nent

of the invention, as discussed above, tiRgese two resonators need not be
resonators according to the

Fig. 4 is a plan view of a piezoelectric resonator -
according to a first embodiment of this invention;

Fig. 5 is a diagonal view of the biezoelectric
5
resonator shown in Fig. 4;

$ Fig. 6 is a graph of the attenuation-frequency
characteristic of the piezoelectric resonator shown
in Figs. 4 and 5; '

Fig. 7 is a graph of the impedance-frequericy
characteristic of the piezoelectric resonator shown
10 in Figs. 4 and 5;

Fig. 8 is a plan view of a piezoelectric resonator
according to a second embodiment of this invention;

Fig. 9 is a plan view of a piezoelectric resonator
according to a third embodiment of this invention;

15 Fig. 10 is a plan view of a piezoelectric resonator
according to a fourth embodiment of the invention for
forming a trap circuit with improved attenuation;
Fig. 11 is a circuit diagram of a trap circuit using
a -piezoelectric resonator shown in Fig. 10; and

20 Fig. 12 is a graph showing the attenuationffrequency
characteristic of the trap circuit shown in Fig. 11.
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first enbodi nent of the invention described above 10 with reference-toﬁbmm43’*
Figs. 4 and 5. Still another trap circuit was fornmed, simlar to the one
descri bed above with reference to Fig. 11 but using two resonators 31
according to the third enbodinment of the invention to serve as the two
resonant units 58 15 and 59 of Fig. 147-and it was di scovered that the

di fference between the two resonant frequencies could also be increased to
about 8MHz. In summary, all such nodifications and variatians that nay-be
apparent to a person skilled in the art 20 are intended to be included

within the scope of the™ ~ )

Throughout herein, compbnents which are substahtially
the same or at least equivalent to each other are
indicated by the same numerals and not described
repetitiously.

10 DETAILED DESCRIPTION OF THE JINVENTION
In what follows, the invention will be described by -

way of examples but these examples are not intended
to limit the scope of the invention.

Figs. 4 and 5 show a piezoelectric resonator 11

15 according to a first embodiment of this invention,
comprising a piezoelectric substrate 12 having a
rectangular plane and made of an appropriate
piezoelectric material such as piezoelectric ceramics

_ like lead zirconate titanate. The piezoelectric

20 substrate 12 is subjected to a polarization process
in the direction shown by arrow P, parallel to its
main surface and also to the direction in which
electrode fingers, to be explained below, are
extended.

25 An interdigital transducer (hereinafter abbreviated
as IDT) 15 comprising a pair of mutually interlocking
thinned-out comb-shaped electrodes 13 and 14 is
formed on the upper surface of the piezoelectric
substrate 12. The comb-shaped electrodes 13 and 14

30 respectively have a plurality of electrode fingers
13a-13d and l4a-14i opposite to and in the direction
of P.. It is to bé noted in Figs. 4 and S that,

[ AvEnDED srieT |
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i nvention. As used herein the term'.SH type surface waves neans shear

hori zontal type surface waves . -19- REPLACED WHAT 1S
CLAIMED | S: 1. A pi ezoel ectric resonator using SH type surface waves,
sai d resonator conprising: a piezoelectric substrate; and 5 an

interdigital transducer which is fornmed on

-15-

first resistor 61 was a second resistor 632. Inserted
between the piezoelectric resonator Ssi and the output
terminal OUT was a third resistor 63. Inserted '
between the ground potential and a point between the

5 output terminal OUT and the third resistor 63 was a
fourth resistor 64. Fig. 12, which is a graph of the
attenuation-frequency characteristic of a trap
circuit thus structured, clearly shows that two traps
were formed at two frequencies f,p and £, and that

10 attenuation was as large as 15dB and 17dB at these
frequencies. It is to be noted, however, that
attenuation was undesirably large around the picture
carrier frequency which, as shown in Fig. 12, is
between the two trap frequencies f.p and £,, and

15 Closer to the one at the higher frequency.

Table 1 shows the magnitudes of attenuation of the trap
circuit described above at the adjacent-channel picture

and sound carrier frequencies f,, and f,.

20
Table 1
: Attenuation at f,, |{ Attenuation at f,,
(dB) (dB)
Circuit of Fig. 11 15 17 “
25

Although only one trap circuit has been shown above as
embodying the present invention, this embodiment is not
intended to limit the scope of the invention. Many
modifications and variations are possible within the

30 scope of this invention. For

PAGE 17 FOLLOWS
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said,substrate and has at | east two resonance characteristics. ZfHOO’“*ﬂ%
pi ezoel ectric resonator of claim1 wherein said interdigital transducer
conprises a pair 10 of thinned-out comb-shaped el'ectrodes each having a
plurality of fingers protruding towards the other electrode, said fingers
fromsaid pair of electrodes being in nujgally interlocking formation, at

| east one nutual |y adjacent pair of the fingers of one of 15 said

el ectrodes sandwhapileg shdndbensttier wrap cincnit! walse fiormgdr ¥igh t he ot her

of said el ectrodes. 3. The piezoel ectric resonator of claim1
an inductor

- e

-  added between the terminal a and the input terminal

IN of the circuit shown in Fig. 11 without any *

5 inductor -
inserted between the terminals a and c of the

reésonator 51, and it was discovered by using such a

trap circuit that tﬁe attenuafion was 21dB and 24dB

at the adjacent-channel picture and sound carrier

10 frequencies fap and f,,, respectively.

As another example, two piezoelectric resonators, as
shown for example in Fig. 4, may ﬁe used in the
examples given above in place qf the piezoeiectric
resonator 51, T oo

15 ) :

20
Attenuation at the two trap frequencies can be
thereby effectively improved in a similar manner.

Although the use of a piezoelectric resonator

25 is advantageous.because the circuit structure canh be
thereby simplified because the resonant units are

formed on a single chip, it is feasible according to

JAMENDED _SHEET




wherein said interdigital transducer conprises a pair of conb-shaped

el ectrodes each having a plurality of 20 parallel fingers protruding in
rows towards the other electrode, each of the fingers fromone of the

el ectrodes being aligned with one of the fingers fromthe other electrode,
the lengths along said fingers of regions where surface waves can be
excited upon 25 application of a voltage across said el ectrodes varying
over said rows. This Sheet Has Been R%A:aced

the present invention to use two resonators using SH
type surface waves in order to form a trap circuit
with greater attenuation than was possible with prior

art LC resonance circuits.

S When two resonators are used in place of a single
resonator 51
as discussed above, these two

resonators need not be resonators according to the
first embodiment of the invention described above

10 with reference to Figs. 4 and S. Still another trap
circuit was formed, similar to the one described
above with reference to Fig. 11 but using two
resonators 31 according to the third embodiment of
the invention to serve as the two resonant units 58

15 and 59 of Fig..ll, and it was discovered that the
difference between the two resonant frequencies could

also be increased to about 8MHzZ.

In summary, all such modifications and variations
that may be apparent to a person skilled in the art

20 are intended to be included within the scope of the

invention.

As used herein the term 'SH type surface waves' means

shear horizontal type surface waves' .

| AMENDED _SHEET




-20- 4. The piezoelectric resonator of claim?2 mhereln each-of-—satd—F—
fi'ngers except those at both ends of said piezoelectric sub;ﬂrate have

width equal to one-quarter of the wavel ength of surface wav uwmwm&mmm

regi ons between said fingers and nutual |y adjacent pairs of
are separated by one- quarter of said wq éelength 5. The plezoelect =
resonator of claim3 wherein each of sai fingers except those at both 10

ends of said pEpaoetedrdpuedbsds ate have wi dth equal
1. A piezoelectric resonator utilizing free-edge
surface refieétiom.said resonator-comprisiné: |
a piezoelectric substrate; and
5 an interdigital transducer which is formed on
said subétrate and has at least two resonance

characteristics.

2. The piezqelectric resonator of claim 1
wherein said interdigital transducer combrises a pair
10 of thinned-out comb-shaped electrodes_each having a
plurality of fingers protruding towards the other
electrode, said fingers from said pair of electrodes
being in mutually interlocking formation, at least
one mutually adjacent pair of the fingers of one of
15 said electrodes sandwiching therebetween two or more

of the fingers of the other of said electrodes.

3. The piezoelectric resonator of claim 1
wherein said interdigital transducer comprises a pair
of comb-shaped electrodes each having a plurality of

20 parallel fingers protruding in rows towards the other
electrode, each of the fingers from one of the
electrodes being aligned with one of the finéers from
the other electrode, the lengths along said fingers
of regions where surface waves can be excited upon

25 application of a voltage across said electrodes

varying over said rows.

e
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to one-quarter of the wavel ength of surface waves excited—ina—+egie
bet ween said fingers and nutually adjacent pairs. of said fingers ar

separated by one- quarter of said wavelength. 15 6. Tqﬂlﬂ"ﬂﬂﬂiumﬂﬂluﬂ"
resonator of claiml1l conprising two interdigital transducer [
formed on said piezoelectric substrate amgare connected to 'eaéh bthtr %o0*
as to formtwo resonant units each having two resonance characteristics. 20
7. A trap éircuit Thenpiieviow) exctyiier owisonatior ofsedadiay 2usi ng SH type
surface waves, said resonator conpri sing:

wherein each of said fingers except those at both

D ®

ends of said piezoelectric substrate have width equal
to one—quarter of the wavelength of surface wavedl

5 excited in regions between said fingers and mutually
adjacent pairs of said fingers are separated by one-

quarter of said wavelength.

5. The piezoelectric resonator of claim 3
wherein each of said fingers except those at both
10 ends.of said piezoelectric substrate have width equal
to one-quarter of the wavelength of surface waves
excited in regions between said fingers and mutﬁally
- adjacent pairs of said fingers are separated by one-

quarter of said wavelength.

15 6. The piezoelectric resonator of claim 1
comprising two intérdigital transducers which are
formed on said piezoelectric substrate and are
connected to each other so as to form two resonant

units each having two resonance characteristics.

20 7. A trap circuit comprising a piezoelectric
resonator atilizing friee-edge surface refieétion, said
resonator comprising:

a piezoélectric subst:ate; and
An interdigital transducer which is formed on

25 said substrate and has at least two frap frequencies.

| AMENDED SHEE;‘[W j}



a piezoel ectric substrate; and an interdigital transducer
on 25 said substrate and has at |east two trap frequencies. -21- 8.

The trap circuit of claim7 wherein said piezoelectric res “mﬂmnmﬂﬁm ;
two interdigital transducers which are fornmed on said pi ezggm WS
substrate and are connected to each other so as to 5 formtwd reschant

units each having two resonance.

-21-
8. The trap circuit of «claim 7 wherein said
piezoelectric resonator comprises two interdagital
transducers which are formed on said piezoelectric '
substrate and are connected to each other so as to form
5 two resonant. units each having two resonance

characteristics.

9. The trap circuit of claim 7 comprising two
piezoelectric resonators using SH type surface waves,
10 said two resonators being both formed on said
piezoelectric substrate, each having an interdigital
transducer, being connected in parallel and providing two

resonance characteristics.

15 10. A surface wave transducer device having at least two

resonance characteristics.

11. A trap circuit comprising a surface wave transducer
device in accordance with claim 10.

20
12. A piezoeleétric resonator substantially as
hereinbefbre described with reference to Figures 4 to 7,

8, 9 or 10 of the accompanying drawings.

25 13. A trap circuit substantially as hereinbefore
described with reference to Figures 11 and 12 of the

accompanying drawings. \
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N 9\ 4%
characteristics. 9. The trap circuit of PRI r‘f@‘?’ﬁgt er “conpri sing an
I nduct or connected between said two resonant units. 10 10. The trap

circuit of claim8 wherein one of said interdigital tra‘nk_ﬁglgﬂQEﬁHhQSEEN
signal receiving term nal through which signals from an | nppgpPUASEDRI nal are
adapt'ed to be received by said trap Cé?itit1 said trap circuit

.
conprising an inductor connected 15 b en said si-gnala“mﬁ““‘wmt‘mﬁ nal
and said input termnal. 11. The trap circuit of cl

| a' 65 63
IN 6l / ¢ 7 dur
62 =S O
- T <64
J_fl .
. ' a S
U gl 6o C5 ¥3
oUT
IN ¢ 7 !
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conpri sing anot her inductor connected between 'said two resonant units. 20
12. The trap circuit of claim7 conprising two piezoelectric resonators
using SH type surface waves, said two resonators bei ngFHI®SHEEDHABBEBN sai d
pi ezoel ectric substrate, each having an interdigital This REPSAEEPas Been

Repl aced 22 transducer, being conqgghed in parall elllnﬂmnlml"mml
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two resonance characteristics. 13. The trap circuit of claim12 further
5 conprising an inductor between said two piezoelectric resonators. 14.
The trap circuit of claim 12 wherein one of said two piezoelectric
resonators has a signal receiving 10 term nal throu h mhlch S %Is from

aft ihput terninal are adapted to be re g&ved by said ﬁgfrgg EEMa) d
trap circuit further conprising an i connect ed bet S |d si gna

receiving ternmnal and said input terninal. 15 ”“m”“l“ mlm l“l

o o o Q o

ap) Nallyanally



15.  The trap circuit of claim 1ppf|grtMvea£c0Ipr|P;W9ka®§t her mggg?c‘frq' T

connect ed between said two piezoel ectric resonators. A surface
wave transducer device having at |east two resonance char acterl stics. 17.
A trap.circuit conprising a surface wave transducer dew=ee-ln_accordance

with claim16. 25 18. A piezoel ectric resonator | SRERAGEMERT |SHERD
her ei nbefore described with reference t84%gures 4 to ¥,
' 2/12 13 MAR 1998




TH S SHEET HAS BEEN REPLACED-23 8, 9 or 10 of the acconpanying draw ngs.

19. : Atrap circuit substantially as hereinbefore descrjibed with
reference to Figures 11 and 12, 13 and. 14 5 or 15 and 16 of RPpiACEMENT SHE
? ET

acconpanyi ng drawi ngs. 10 1520 25
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