
;ope3e'Pj'Mj6Tj:K!2 4 APR 2002  PIEZOELECTRIC RESONATOR INCLUDING
OSCILLATION BUFFER MATERIALS  BACKGROUND OF THE INVENTION  Field of the
Invention The present invention relates to piezoelectric resonators used in
various types of high frequency filters and more specifically ro a
piezoelectric resonator including oscillation buffer materials arranged to
prevent generation of resonance third harmonics. 2. Description of the
Related Art As a conventional example, a piezoelectric resonator as shown
in Fig. 4 is known. This piezoelectric resonator 20 has oscillating
electrodes 22A and 22B on both disposed on opposite major surfaces of a
piezoelectric substrate 21. These oscillating electrodes 22A and 22B are
formed to extend from opposite ends so that they overlap at width
directioncentral portion of the piezoelectric substrate 21 -~ so that the
piezoelectric substrate 21 is sandwiched therebetween. A high frequency
signal applied to the oscillating electrodes 22A and 22B enables the
piezoelectric resonator 20 to resonate. When an electrode having shape such
as that of a partial excitation electrode ..._ whip   2 4 APR i00 adapted
to optimize the excitation of the fundamental resonance wave is ~ used in
such a conventional piezoelectric resonator having the above structure) the
size and shape of each of the electrodes __ is increased relative to the
third harmonic, which thus raises a problem as not only the third harmonic
in the SO mode but the resonance third harmonics in the S1 mode and the S2
mode having which have different phases are also generated. The a .,
resonance third harmonics which are generated are extremely disadvantageous
because they cause deterioration in the resonance characteristics of the
resonator. The conventional resonators have not provided a solution for
suppressing the resonance third harmonics without affecting the
characteristics of the fundamental resonance wave. 



SUMMARY OF THE INVENTION To eliminate the , .. problems described above)
the preferred embodiments of the present invention to provide a
piezoelectric resonator in which the resonance characteristics thereof are
enhanced by preventing the generation of the resonance third harmonics. the
The foregoing e~j-object advantage is achieved through the provision of a
piezoelectric resonator   2 4 APR IOOZ having oscillating electrodes ^~
disposed on opposite surfaces of a piezoelectric substrate, the oscillating
electrodes being arranged so as to extend from respective opposed opposite
ends of the piezoelectric substrate to the width directional a central
portion of the piezoelectric substrate so that the substrate width
directional central portions of the oscillating electrodes overlap each
other ; with the oscillating substrate sandwiched between the oscillating
electrodes, wherein oscillation buffer materials are disposed on the
portions of both opposed the two opposite surfaces of the piezoelectric
substrate, which portions are displaced by the third harmonic oscillation
having a frequency substantially equal to about three times the resonance
frequency of the piezoelectric substrate. According to the _____ preferred
embodiments of the present invention, the generation of the S1 and the S2
mode resonance third harmonics which displace both ends of a substrate
suppressed by oscillation buffer materials, 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. 3   z 4 APR zooz In addition, the third
harmonic oscillation can be efficiently suppressed by adjusting the natural
oscillation frequency of the oscillation buffer material which is
determined from both the speed of sound as a constant determined by the
type of the oscillation buffer material and the shape of the oscillation
buffer material, so that the natural oscillation frequency of the buffer
material substantially agrees with the frequency of the third harmonic
oscillation which is substantially egual to about three times the resonance
frequency of the piezoelectric resonator. These and other elements,
features) and advantages of the preferred embodiments of the present
invention will be apparent from the following detailed description of the
preferred embodiments of the present invention, as illustrated in the
accompanying drawings. BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 is a
section view illustrating the structure of a piezoelectric resonator
according to eye a preferred embodiment of the present invention. 



Figs. 2A and 2B are graphs showing the resonance characteristics according
to the preferred embodiment shown in Fig. 1. Figs. 3A and 3B are graphs
showing the resonance 4   2 4 APR 2002 characteristics according to a
conventional example resonator Fig. 4 is a section view illustrating the
structure of an example of a conventional piezoelectric resonator. DETAILED
DESCRIPTION OF ~ PREFERRED T'~`~nnr~-EMBODIMENT EMBODIMENTS By referring to
the attached drawings, ere e~:= preferred embodiments of the present
invention will be described below. Fig. 1 shows the structure of a
piezoelectric resonator 1 according to ere a preferred embodiment of the
present invention. This piezoelectric resonator 1 preferably has a
piezoelectric 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 other surface 2b is provided with the oscillating
electrode 3B. The oscillating electrode 3A is formed so as to extend from
one end 2c of the piezoelectric substrate 2 to a central portion 2d of the
piezoelectric substrate 2, with the oscillating electrode 3A at the end 2c
extending over the end fee surface 2e of the piezoelectric substrate 2. The
oscillating electrode 3B is formed sod extend from another end 2f which is
opposite to the end 2c to the central 5   2 4 ANR 1002 portion 2d, with the
oscillating electrode 3B at another end 2f extending over another end
~aface-ee surface 2g of the piezoelectric substrate 2. In addition, the
oscillating electrodes 3A and 3B overlap each other at the width
directional central portion 2d, with the piezoelectric substrate 2
sandwiched therebetween. 



Subsequently, the structure of the piezoelectric resonator 1 which is a
festure thereof will be described. The piezoelectric resonator 1 preferably
has oscillation buffer materials 4 respectively formed disposed at
preferably the opposed ends 2c and 2f of the piezoelectric electrode 2. The
oscillation buffer materials 4 , which preferably comprise insulating
resins which do not include conductive fillers ; and are preferably
disposed on the surface 2a of the substrate. The locations at which the
oscillation buffer materials 4 are disposed on the opposed ends 2c and 2f
are determined as follows described in the following paragraphs. In the
other words in the piezoelectric resonator 1, not only the fundamental
resonance wave KB but also the resonance Wave K3 which has a frequency
substantially equal to about three times that of the wave fundamental
resonance wave KB is generated. When the resonance electrodes 3A and 3B are
formed so as to optimize the fundamental resonance wave KB 6   2 4 APR 2002
-fee see the conventional example r- shown in Figs. 3A and 3B the S1 mode
resonance K3si and the S2 mode resonance K3s, are generated, as well as the
SO mode resonance K3so which is the third harmonic resonance K~. Conditions
of displacement caused by the third harmonic resonances K3so, K 3s~ and K3s
having different phases on the piezoelectric substrate 2 are shown in Fig.
1. Although the third harmonic resonances K3so K3s, and K3s, cause the
maximum displacement in the ia~-'~ ~"~ ~t~ __~' central portion 2d of the
substrate, the forms in which the displacements are concentrated are
respectively different. That is, compared with the SO mode third harmonic
resonance K3so which causes displacement concentrated in the ~ ; ~'`': a~
~~~~'_~~~1 central portion of the substrate, the S1 mode third harmonic
resonance K3s, and the S2 mode third harmonic resonance K3s= cause
displacement to some extent e~: at the opposed ends 2c and 2f. In Fig. 1~
an alternate long and short dashed line represents the SO mode third
harmonic resonance K3so, an alternate long and two short dashed line
represents the S1 mode third harmonic resonance K3s~, and a dashed line
represents the condition of displacement caused by the S2 mode third
harmonic resonance K 3s~. Also, a solid line represents the condition of
displacement caused by the fundamental resonance wave KB. The oscillation
buffer materials 4, which preferably 7   2 4 ~f'R 2002 have relatively
small mass, are preferably disposed on the surface 2a at the opposed ends
2c and 2f where displacement occurs due to the S1 mode third harmonic
resonance FC3si and the S2 mode third harmonic resonance K3s=. The
oscillation buffer materials 4 suppress or prevent the generation of the S1
mode third harmonic resonance K3s~ and the S2 mode third harmonic resonance
R3s~. The definite locations ~ at which the oscillation buffer materials 4
are disposed are ~ ~~ " w w : described in the following paragraph. The
oscillation buffer materials 4 are preferably disposed at positions s a~Ced
apart from reference positions B .. `_ _ ` by a desired distance D, when
the ends of the oscillating electrodes 3A and 3B in the ~~~-~ej~~'t~: ~';
~-~~~' ~~~' central portion are used as the reference positions B. The
desired distance D is preferably set to be substantially egual to one to
two times the thickness of the piezoelectric substrate 2. An example of the
locations in which the oscillation buffer materials 4 are . preferably
disposed is described in the following paragraphs. 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 8



z 4 p~R zooz e~. _ adapted to generate a fundamental resonance KB of 4 MHz,
includes oscillating buffer materials 4 having a width of about 0.3 mm at
positions s a~Ced apart from the above-mentioned positions B ire--e
s~.~s-tit-e-~~d~!~Y~~zez by a distance approximately a-s eaual 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 ~.s..r-aTre-~-le;~--~ as described above relates to the
following relationship: as the oscillation buffer materials 4 g~ are
located closer to the location of maximum amplitude of the third harmonic
resonance K3 (serving as the antinode for oscillation of the third harmonic
resonance K3), a damping effect is created with respect to the third
harmonic resonance K3. The location corresponds to the above-mentioned
positions s~ apart from the reference position B by the above distance D,
at which location the oscillation buffer materials 4 are disposed. The
oscillation buffer materials 4 are preferably made of a resin which does
not include conductive fillers. The materials used for the oscillation
buffers 4 and the thickness t of the oscillation buffer materials 4 are
preferably determined as ~~~described in the following paragraphs. 9   z 4
APR ~ooz The materials used for the oscillation buffers 4 and their
thickness t preferably satisfy the equation F = C/2t, where C represents
the speed of sound naturally determined by the oscillation buffer material
4; and F represents the frequency of the third harmonic oscillation, which
is ap~roximately eaual to about three times the resonance frequency of the
piezoelectric resonator 1. Determination of the oscillation buffer material
4 depends upon several factors . ~r~i~g-~ By adjusting the resonance
frequency of the oscillation buffer material 4 so it substantially 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 f of the oscillation
buffer material 4 formed on the piezoelectric substrate 2 can be ~
determined using the equation f - C/2t, where C represents 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 resonator 1) of the
oscillation buffer material on the piezoelectric substrate 2. Thus, by
adjusting the natural oscillation frequency f of the oscillation buffer
material 4, which is determined using the equation f = C/2t, so it 10   2 4
APR 2002 substantially agrees with the frequency of the third harmonic
oscillation which is substantially ecrual to about three times the
resonance frequency of the piezoelectric resonator 1, the third harmonic
oscillation can be efficiently reduced. The surface on which the
oscillation buffer materials 4 are disposed is not limited to the surface
2a of the piezoelectric substrate 2 b~. Instead, the oscillation buffer
materials 4 may be formed on the other surface 2b. It is preferable if the
oscillation buffer materials 4 have a relatively small mass. Subsequently,
the results of comparison between the piezoelectric resonator of the
preferred embodiments of the present invention and the conventional
piezoelectric resonator in resonance characteristics will be described
based on Figs. 2A, 2B and 3A, 3B. Fig. 2A and Fig. 3A show the impedance
and phase characteristics of both the piezoelectric resonator according to
the preferred embodiments of the present invention and the conventional
piezoelectric resonator. Fig. 2B and Fig. 3B show the impedance and phase
characteristics of the third harmonics generated by both the piezoelectric
resonator according to the preferred embodiments of the present invention
and the conventional piezoelectric resonator. As ias apparent from these
figures, according to the 



11   2 4 A PR 2002 piezoelectric resonator of the preferred embodiments of
the present invention, it can be seen that the resonance third harmonic K3
is controlled ~ such that the resonance third harmonic is not generated
-and the characteristics of the fundamental resonance wave KB ark
deteriorated or affected. This is due to the fact that the S1 and S2 mode
resonance third harmonics which displace the substrate ends 2c and 2f are
controlled and thus, degenerated due to the oscillation buffer materials 4
i~ located at the ends 2c and 2f. The reason why only the generation of the
resonance third harmonic K3 is selectively suppressed despite the
arrangement in which the oscillation buffer materials 4 are disposed at the
substrate ends 2c and 2f where displacement also occurs due to the
fundamental resonance wave KB is because, by adjusting the natural
oscillation frequency f of the oscillation buffer material 4 so it
substantially agrees with the frequency F of the third harmonic oscillation
which is substantially egual to about three times the resonance frequency
of the piezoelectric resonator 1, the third harmonic oscillation can be
efficiently reduced. Another reason is that the fundamental resonance wave
KB is not affected by the oscillation buffer material 4 because it has
greater excitation freauency than 12   2 4 APR 1002 the resonance third
harmonic K3 when both waves are compared. As described above, by providing
the oscillation buffer materials 4 which have relatively small specific
gravity in the piezoelectric resonator 1, the generation of the resonance
third harmonic K3 can be suppressed without the fundamental resonance wave
KH being affected. While the invention has been particularly shown and
described with reference to preferred embodiments thereof, it will be
understood by those skilled in the art that the forecroinQ and other
changes in form and details may be made therein without departing from the
spirit and scope of the invention. 13  



z 4 a PR zooz WHAT IS CLAIMED IS: 1. A piezoelectric resonator comprising:
a piezoelectric substrate having opposite ma-ior surfaces; oscillating
electrodes ~~ disposed on said opposite maior surfaces of a piezoelectric
substrate, said oscillating electrodes being ~~ arranged so as to extend
from ~e respective opposed ends of said piezoelectric substrate to
t.~re~~a-:id-`~-~~~ a central portion of said piezoelectric substrate so
that said oscillating electrodes overlap each other ~ at the ~ ~ a~'~ ~';
v~~~; ~~~~ central portion of said piezoelectric substrate ; with said
piezoelectric substrate sandwiched between said oscillating electrodes; ;
and an oscillation buffer material disposed on a portion of at least one of
said opposite maior surfaces of said piezoelectric substrate, which ~'-;~~~
portion is displaced by a third harmonic oscillation having a frequency
substantially eaual to about three times ire a resonance frequency of said
piezoelectric substrate. 2. A piezoelectric resonator according to claim 14
2 4 APR 2002 1, wherein said oscillation buffer material ~ comprises
insulating resin. 3. A piezoelectric resonator according to War 1 claim 1,
wherein ~e a composition and a thickness of said oscillation buffer
material are determined so as to satisfy the equation: F = C/2t where t
represents ~ a thickness of said oscillation buffer material; C ;-ire
represents a speed of sound naturally determined by the ~2 composition of
said oscillation buffer material; and F ~ represents a frequency of the
third harmonic oscillation which is substantially eaual to three times said
resonance frequency. 



4. A t~iezoelectric resonator according to claim 1, wherein the oscillation
buffer material is disposed on each of said opposite maior surfaces of said
piezoelectric substrate. 5. A piezoelectric resonator comprising: a a~
electric substrate having opposite maior surfaces; a~gair of oscillating
electrodes each being 15   2 4 APR 2U02 disposed on one of said opposite
maior surfaces of a piezoelectric substrate; wherein the piezoelectric
substrate is adapted to suppress a third harmonic oscillation having a
freauency substantially eaual to about three times a resonance freauency of
said piezoelectric substrate. 6 A piezoelectric resonator according to
claim 5, wherein the piezoelectric substrate is arranged such that the
third harmonic oscillation is suppressed without suppressing a fundamental
resonance wave of said piezoelectric substrate. 7. A piezoelectric
resonator according to claim 5, further comprising an oscillation buffer
material disposed on a portion of at least one of said opposite maior
surfaces of said piezoelectric substrate for suppressing said third
harmonic oscillation) said portion of said at least one of said opposite
major surfaces of said piezoelectric substrate is displaced by a third
harmonic oscillation having a frequency substantially equal to about three
times a resonance frequency of said piezoelectric substrate. 8. A
piezoelectric resonator according to claim 7, 



wherein said oscillation buffer material comprises insulating 16   S 2 4
APR 2002 resin. 9. A piezoelectric resonator according to claim 7) wherein
a composition and a thickness of said oscillation buffer material are
determined so as to satisfy the eguation: F = C/2t where t represents a
thickness of said oscillation buffer 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 times said resonance frequency. 10. A
piezoelectric resonator according to claim 8, wherein the oscillation
buffer material is disposed on each of said opposite maior surfaces of said
piezoelectric substrate. 17 .AA.A5L.A5.AN`.Afs.Ay.A.A.A.A.A.A.ANY.A.A.A[.A`
Nkx)>ETU]^azupke`ZU]ca]c^a]ca]c^a]ca]ca]ca]c^a]c^a]c^a]c^a]c^a]c^a]ca]ca]ca
]ca]ca]c^a]ca]ca]c^a U]c^a]ca]ca]c^a]c^a]c^a]ca]cTa]ca5@bpq*T`t
*@{vpke`ZU]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]c^a]ca]ca]c^a]ca]ca]c^a]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]c^a <Pr    
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