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PIEZOELECTRIC RESONATOR INCLUDING

OSCILLATION BUFFER MATERIALS

BACKGROUND OF THE INVENTION
5 1. Field of the Iavention
The present invention relates to piezoelsctric
resonators used in various types of high frequency filters,

. _generation

10 of resonance third harmonics.

2. Description of the Related Art

As a conventional example, a piezoelectric resonator ag
shown in Fig. 4 is known. This piezoelecﬁric resonator 20
15 has oscillating electrodes 222 and 22B em—bet: disposed on
opposite major surfaces of a piezoelectric substrate 21.
These oscillating electrodes 223A and 22B are formed to extend

from opposite ends so that they overlap at &k=

width—direetional a central portion of the piezoelectric
20 substrate 21 ;~witk go that the piezoelectric substrate 21 jig -

sandwiched therebetween. A high frequency signal applied to
the oscillating electrodes 22A and 22B enables the
piezoelectric resonator 20 to resonate.

When an electrode with having a shape such as that of a
25 partial excitation electrode eapable—of—eptiwizing which is
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adapted to gptimize the excitation of the fundamental
resonance wave is empleyed used in such a conventional

piezoelectric resonator having the above structure, the gize

and shape gf each of the electrodes beeceme laxge with-respeet

a to the third harmonic, which thus

raises & problem as not only the third harmonic in the SO
mode but the resonance third harmonics in the S1 mode and the
82 mode howing which have different phases are also ‘
generated. The gemerated raesonance third harmonics which are
generated are extremely disadvantageous because they cause

deterioration in the resonance characteristics of the

resogg;;gg wave.

SUMMARY OF THE INVENTION
To eliminate the preblem—it—is—en-objeet problenms

desgribed above, the preferred embodiments of the present

inventicn te provide a piezoelectric rascnator in which the
resonance characteristics thereof are enhanced by suppxessing
preventing the generation of the resonance thixd harmonics.

Aceordingly—the The foregoing ebjeet advantage is

achieved through the provisgion of a piezoelectric xesonator
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having oscillating electrodes sn-beth disposed on opposite
surfaces of a piezoelectric substrate, the oscillating
electrodes being fexmed arranged so as to extend from the
respective oppesed gpposite ends of the piezoelectric
substrate to the—wideh-direstions: a central portion of the
piezoelectric substrate so0 that the
gubstrate—width-dircetional central portions of the
oscillating electxodes oyerlap witk each other - with the
oscillating substrate sandwiched between the oscillating
electrodes, wherein oscillation buffer materials are £ermed
dispgged on the portions of beth—eppesed the two opposite
suxfaces of the piezoelectric substrate, wh}ch portions are
displaced by the third harmonic oscillation having a

frequency gubstantially equal to about three times the

resonance frequency of the piezcelectric substrate.
According to the presenbk—inventien—ina thefLoregoing

¢ pregent invention,

the generation of the S1 and the S2 mode resonance third
harmonics which displace both ends of a substrate eambe is
suppressed by oscillation buffer materialg, whereby, the
third harmonics are suppressed without the characteristics of
the fundamental resonance wave being affected, so that the
resonance characteristics are improved by the amount of such

suppression.
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In addition, the third harmonic oscillation can be
efficiently suppressed by adjusting the natural oscillation
frequency of the oscillation buffer material desived which is
determined from both the speed of sound as a constant

5 determined by the type of the oscillation buffer:material and

the shape of the oscillation buffer material, so as—te—agres

Bubgtantially agreeg with the frequency of the third harmonic

oscillation which is gubstantially

10 the resonance fraquency of the piezoelectric rezonator.

These and other elements, featur

15 1e
B I oF WINGS
Fig. 1 is a section view illustrating the structure of a
piezoelectric resonator according to eme g _preferred
20 embodiment of the present invention.

Figs. 2A and 2B are graphs showing the resonance

characteristics according to the preferred embodiment ghown

in Fig, 1.

Figs. 3A and 3B are graphs showing the resonance
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characteristics according to a conventional ewawple resonator

Fig. 4 is a section view illustrating the structure of

an example of a conventional piaezoelectric resonator.

By referring to the attached drawings, ene—embediment

preferred embodiments of the present invention will be
descxribed below,

Fig. 1 shows the structure of a piezocelectric resonator
1 according to eme a _preferred embodiment of the present
invention. This piezoelectric resonator 1 preferably has a
plezoelectric Substrate 2 and oscillating electrodes 3A and
3B. One surface 2a of the piezoelectric substrate 2 is
provided with the oscillating electrode 3A, while the othex
surface 2b is provided with the oscillating electrode 3B.
The oscillating electrode 3A is formed gso as _to extend from
one end 2c¢ of the piezoelectric substrate 2 to a
width—direetionad central portion 2d of the plezoelectric -
substrate 2, with the oscillating electrode 3A at the end 2c
extending over the end £ase gurface 2e¢ of the piezoelectric
substrate 2. The oscillating electrode 3B is formed gg as to
extend from another end 2f which is opposite to the end 2¢ #m

the—wideh-direetieon—to—the—width direetsional to _the central
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portion 24, with the oscillating electrode 3B at another end
2f extending over another end £aee gurface 2g of the
piezoelectric substrate 2. 1In addition, the oscillating
electrodes 3A and 3B overlap gach other at the
5 widbh-direetionad central portion 2d, with the piezoslectric
substrate 2 sandwiched therebetween.
Subsequently, the structure of the piezoelectric

resonator 1 y—whieh-is—a—feabure—thexeof will be described.

The piezoelectric resonator 1 preferably has oscillation
10 buffer materials 4 respectively fexmed—on digspoged at

preferably the opposed ends 2c and 2f of the piezoelectric
electrode 2. The oscillation buffer materials 4 —whieh-axe
preferably comprise insulating resins which do not include
conductive fillers + and are formed preferably disposed on
15 the surface 2a of the substrate. The locations at which the
oscillation buffer materials 4 are fermed disposed on the

opposed ends 2¢ and 2f are determined as fellews+ described

In—ether—werds;—in—-In the piezoelectric resonator 1, not

20 only the fundamental resonance wave Ky but also the rescnance

wave K; which has a frequency gubstantially egqual to about

three times that of the wave fundamental resonance wave K, is

generated. When the resonance electrodes 3A and 3B are

formed sc as to optimize the fundamental resonance wave K;
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+See(goe the convéritional example - shown. in Figs. 32 and

3B, the S1 mode resonance Xy and Ehe 52 mode resonance K,g
are generated, as well as the SO mode resonance Ky, which is
the third harmonic resonance K,. Conditions of displacement
caused by the third harmonic resonances K, Ky and K
having different phases on the piezcelectric substrate 2 are
shown in Fig. 1. Although the third harmonic resonances Kiso s
Ky and Ky cause the maximum displacement in the
widch—direetional central portion 2d of the substrate, the
forms in which the displacements are concentrated are
respectively differsnt. That is, compared with the SO mode
third harmonic resonance Ky which causes displacement
concentrated in the wideh—direetional central portion of the
subgtrate, the $1 mode third harmonic rxesonance Xy and the
$2 mode third harmonic resonance K;; cause displacement to
some extent eon at the opposed ends 2c and 2f, 1In Fig. 1, an
alternate long and short dashed line represents the SO mode
third harmonic resonance K, an alternate long and two short
dashed line represents the S1 mode third harmonic¢ resonance
Ky, and a dashed line represents the condition of
displacement caused by the $2 mode third harmonic resonance K
- Also, a solid line represents the condition o2
displacement caused by the fundamental resonance wave K.

The oscillation buffer materials 4, which pzeferably
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have relatively small mass, are fermed preferably disposed or.
the surface 2a at the opposed ends 2¢ and 2f where '
displacement occurs due to the S1 mode third harmonic
resonance Ky, and the 82 mode third harmonic resonance K.
The oscillation buffer materials 4 suppress or prevent the
generation of the Sl mode third harmonic resonrance Ky and
the S2 mode third harmonic resonance XK.

The definite locations 4 at which the oscillation

buffer materials 4 are disposed are as—foliews- described in

The oscillation buffer materials 4 are preferably
disposed at positions gpaced apart from reference positions B
+e—-the—ouvter—subotrate—wideh-Sdixections by a desired distance
D, when the ends of the oscillating electrodes 3A and 3B in

the —substrate—widsh-directienal central portion are used as
the reference pogitions B. The desired distance D is

An example of the locations in which the oscillation

buffer materials 4 are dispesed—are—as—feitews+ preferably

posed ig described in the following

A piezoelectric resonator having a piezoelectric
substrate 2, which is made of PZT (lead zirconate titanate),

preferably about 5.4 mm long, about 0.3 mm thick and

T e O0KT38 8
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generate a fundamental rasonance K, of
4 MHz, includes oscillating buffer materials 4 having a width
of about 0.3 mm at positions gpaced apart from the
above-mentioned positions B in—the—outewn |

s subskxste—width—dizeetion by a distance approximately se—leng
a5 equal to one to two times the thickness of the
piezoelectric substrate 2 (which corresponds to the above
distance D). The reason why the oscillation buffer materials
4 are disposed is—as—fellows+—As ag described above relates

10 ¢+ the cogcillation buffer

materials 4 get axe located closer to the location of maximum
amplitude of the third harmonic¢ resonance K, (serving as the
antinode for oscillation of the third harmonic xresonance X;),
a damping effect becemcs—eapperent is created with respect to
15 the third harmonic resonance X;. The location coxrasponds té
the above-mentioned positions gpaced apart from the reference
position B by the above distance D, at which location the
oscillation buffer materials 4 are £oxmed disposed.
The oscillation buffer materials 4 are preferably made
20 of a resin which does not include conductive fillers. The
materials used for the oscillation buffers 4 and gheix the

thickness t of the oscillation [

preferably determined as fellews+ described in the following
garagraghs .
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The materials used for the oscillation buffers 4 and
their thickness t preferably satisfy the equation F = ¢/2%, .
where C represants the speed of sound naturally determined by
the oscillation buffer material 4; and F represents the
frequency of the third harmonic oscillation, which is
approximately egual to gbout three times the rasonance
frequency of the piezoelectric resonator 1.

Determination of the oscillation buffer material 4
depends upon gevexal factorg. thefollewing—

By adjusting the resonance frequency of the ogcillation
buffer material ¢ 30 it gubstantially agrees with the
frequency of the third harmonic oscillation which is to be
attenuated, the third harmonic oscillation can be efficiently
reduced. In addition, the characteristic oscillation
frequency £ of the oscillation buffer material ¢ formed on
the piezoelectric substrate 2 can be feund determined using
the equation f = C/2t, where { zrepresents the speed € of
sound naturally determined by the oscillation buffer material
4 and the shape (in particular, the thickness t, preferably
in the thickness-slide-oscillation-mode of the piezoelectric
resonatoxr 1) of the oscillation buffex material on the
plezoelectric substrate 2. Thus, by adjusting the natural
oscillation frequency £ of the oscillation buffer material 4,

found which is determined using the equation £ = C/2t, so it
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gubgtantially agrees with the frequency of the thixd harmonic

oscillation which is gubstantially equal to about three times

the resonance freguency of the piezoelectric resonator 1, the
third harmonic oscillation can be efficiently reduced.

5 The surface on which the oscillation buffer materials 4
are formed disposed is not limited to the surface 2a of the

piezoelectric substrate 2 buk, Inatggg; the osgillation

buffer materials 4 may be formed on the other surface 2b. - It
is preferable if the oscillation buffer materials ¢ have g
10 relatively small mass.

Subsequently, the results of comparison between the

piezoelectric resonatoxr of the preferred e

ZJiia

gdiments of the
present invention and the conventional plezoelectric
resonator.in resonance characteristics will be described

15 based on Figs. 2A, 2B and 3A, 3B. Fig. 2A and Fig. 32 show
the impedance and phase characteristics of both the
piezoelectric resonator according to the preferred
embodimenty of the present invention and the conventional
piezoelectric resonator. Fig, 2B and Fig. 3B show the

20 impedance and phase characterigtics of the third harmonics

generated by both the piezoelectric resonator according to

the present invention and the

conventional piezoelectric resonator.

Ag ig apparent from these figures, according te the
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piezoelectric ragonator of the pr

present invention, 1t can be geen that the resonance third

harmonic K; is controlled se—it guch that the regonance third

harmonig is not genarated withewt and the characteristics of

the fundamental resonance wave K; beins are not deteriorated

r a ed. This is due to the fact that the S1 and S2 mode
resonance third harmonics which displace the substrate ends
2¢ and 2f are controlled and thus, degenerated due to the
oscillation buffer materials 4 fermed located at the ends 2¢
and 2f.

The reason why only the generation of the resonance
third harmonic X; is selectively suppressed despite the
arrangement in which the oscillation buffer materials 4 are
foxmed _dispoged at the substrate ends 2c and 2f where
displacement also o¢curs due to the fundamental resonance
wave K is because, by adjusting the natural oscillatien
frequency f of the oscillation buffer material 4 so it
gubstantially agrees with the frequency F of the third
harmonic oscillation which is gubstantially equal to about
three times the resonance frequency of the piezoelectric
resonator 1, the third harmonic oscillation can bhe
efficiently reduced. Another reason is that the fundamental
resonance wave K, is not affected by the os¢illation buffer

material 4 because it has greater excitation frequency than

It ncgeerabasRORRTAR 12

_—_—

This Sheet Has Been Rep

P.13

T



e T

: B9: 12 19%6 AT 53306594 pAGE 14 (FRINTED PARE 14) 1] P.14
[-. Hamv'i%slez—/ilg—ie 10:@7 FROM KK&99R(97%Dx FIEI°4Y 70 242655338694

the resonance thitd harmonic K; when both waves are
compared.
As described above, by providing the oscillation buffer
materials 4 which have relatively small specific gravity in
5 the piezoelectric resonator 1, the generation of the
resonance third harmonic K, can be suppressed without the

fundamental resonance wave K; being affected.

While the invention

10

invention,
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WHAT IS CLAIMED 18:

1. A plezoelectric resonator gogpriging:

2 piezoelectrle substrate having opposite major
gurfacesay

oscillating electrodes en—beth digposed on said
gppogite major surfaces of a piezcelectric substrate, said
oscillating electrodes being fexmed arranged so as to extend
from #he respective opposed ends of said piezoelectric
substrate to the—width-direetiomal a central portion of said
piezoelectric substrate so that said oscillating electrodes
overlap withk each other in at the widtk—diveectionsl central
portion of said piezoelectric substrate + with said
eseilleting piezoelectzric substrate sandwiched between said
oscillating electrodes+—; and

whereisw an oscillation buffer materiais—areformed
ontheporsiencof heth-oppesed material disposed on a

portion of at least ome of said opposite msjor surfaces ol

said plezoelectric substrate, which pertiens—are gortion.ia
digplaced by a third harmonic oscillation having a frequency
substantially equal to about three times the g resonance
frequency of said piezoelectric substrate.

2, A piezoelectric resonator according to €laim glaim

]

FAdattbmer ek SO MT4 14

This Sheet Has Been Replaced

(T




‘F  RECEIVED
AN

10

6 B9:13 1996 AT 5330654 PABE 16 (PRINTED PABE 16) 1]
2 G 10707 | FROM KLY e 3P TO 242655338694  P.16

R ) IIIH Nlll | !III

1, wherein said osg¢illatlion buffar material is comprises

insulating resin.

3. A plezoelectric resonator according to Clatw—3—or2--
¢laim 1, wherein the—eype a composition and a thickness of
sald oscillation buffer material are determined so as to
satisfy the equation:

F = C/2¢
where t represents &ke 3 thickness of sald oscillation buffer
material; C -—the zopresents a speed of sound naturally
determined by the &¥pe gompogition of said ose¢illation buffer
material; and F -—the rzepresents a frequency of the third
harmonic oscillation +—beéns whigh i gtantially equal to

three times said resomance frequency.
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said opposite major surfaces of said piezoelactric substrate
is displaced by a third harmonic oscillation having a
frequency substantially equal to about three times a

resonance fregquency of said piezoelectric subsgtrate.

16
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material; C‘represents a speed of sound naturally determined
by the composition of said oscillation buffer material; and F
represents a frequency of the third harmonic oscillation
which is substantially equal to three timee said resonance

10 frequency.
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