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PIEZOELECTRlC RESONATOR IN£~UDING 

OSCILLATION BUFFER MATERIALS 

BACKGROUND O~ THE INVENTION 

s 1. Field of the Invention 

242655330694 P.02 

The present i~vention relates to piezoelectric 

resonators used in various types of high frec:r~ency filters* 

and more speoifically to a piezoelectric resonator inoluding 

oscillation buffer materials arranged to prevent generation 

10 of resonance third harmonics. 

2. Descriotion of the Related Art 

As a conventional example, a piezoelectrio resonator as 

shown in Fig. 4 is known. This piezoelectric resonator 20 

15 has oscillating electrodes 22A and 22B ea eet~ disposed on 

022osite maior surfaces of a piezoelectric substrate 21. 

These oscillating electrodes 22A and 22B are formed to extend 

from opposite ends so ~ they overlap at the 

~'1'idta direetienal i central portion of the piezoelectric 

20 substrate 21 , ''ith so that the piezoelectric substrate 21 ~ 

sandwiched therebetween. A high frequency signal applied to 

the oscillating electrodes 22A and 22B enables the 

piezoelectric resonator 20 to resonate. 

When an electrode wi-eh having a shape such as thae of a 

25 partial excitation electrode ~aele ef e~tiw.~aia~ which is 
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adaptea to optimi%! the excitation of the fundamental 

resonance. wave is e~le)·ed ~ in such a conventional 

piezoelectric resonator having the above structure, the §j!,S 

~ shape of each of the electrodes aeeeme la~~e \litF. ~espeet 

5 is inareased relatixs, 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 ~ Sl mode and the 

S2 mode fte.>vifl~ "1hich have different phases are also 

generated. The geAeEatee resonance third harmonics which art 

10 generated are extremely disadvantageous because they cause 

deterioration in the resonance characteristics of the 

resonator. The conveational iesonators havQ not provided a 

solution for sup~ressina the resonance third ha;monics 

without affecting the characteristics of the fundamental 

15 resonansa wave. 

StJMMARY OF THE INVENTION 

To eliminate the ~~eelem, i~ ie aa eejeet problem§ 

described above. the preferred embodiments of the present 

20 invention ~ provide a piezoelectric resonator in which the 

resonance characteristics thereof are enhanced by sup,~eesin~ 

pfeventing the generation of the resonance third harmonics. 

Aeeerai~ly, tfie ~ foregoing o~jeee advantage is 

achieved through the provision of a piezoelectric ~esonator 
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h~ving oscillating electrodes 05 seth disposed on opposite 

surfaces of a piezoelectric substrate, the oscillating 

electrodes being ferMea ar~anged so as to extend from .efte 

respective e~~esea ppposite ends of the piezoelectric 

s substrate t.o sf!.e ..,iaela: aireet.ie~ecl ! central portion of the 

piezoelectric substrate so that the 

siisetrate 'fvidth eliEeetiefl:al central portions of the 

oscillating elactrodee overlap ~ each other / with the 

oscillating substrate sandwiched between the oscillating 

10 electrodes, wherein oscillation buffer materials are ~erffied 

disposed on the portions of soth eppeoed the t~o 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 

lS resonance frequency of the piezoelectric substrate. 

According to the ~~eeeat ia?eatiee ia tP.e =a~e!eift! 

Eieeeriptiea preferred emeodimen$S Of th& presant invention, 

the generation of the Sl and ~ S2 mode resonance third 

harmortics which displace both ends of a substrate Caft be ii 

20 suppressed by oscillation buffer materials, ~hereby, 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 

P.04 __ 



r RECSIYED 1z11& a9:as 1996 AT 533a&9q PAGE s <PRINTED PAGE s> l 
_ .• 1996-12-16 10:03 FRCJ1 KK~"9t?'1"'1?:.i11 n*+r.f'1'./ TO 242655330694 P.05 

In addition, the chird harmonic oscillation can be 

efficiently suppressed by adjusting the natural oscillation 

frequency of the oscillation buffer material ElaPir:ee ~high 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 buff er material, so as te a1ree 

that the natural oscillation frea\lendy of the buffer m~terial 

.s\1bstantially agrees with the frequency of the third harmonic 

oscillation whieh is substantially equal to about three times 

10 the resonance frequency of the piezoelectric re5onator. 

These and other elements. features. attd adyantages of 

the p;ef erred embodiments of the present invention will be 

apparen¥ from the tollpWing detailed description of the 

preferred embodiments of the present ipvention, as 

15 illustrated in the accompanying drawings~ 

BRIEF DESCEIPTIQN OF THE QRAWINGS 

Fig. l is a section view illustrating the structure of a 

piezoelectric resonator according to .eft& a preferred 

20 embodiment of the present invention. 

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

characteristics according to the preferred embodimenc shown 

in Fig. l. 

Figs. 3A and 3B are graphs showing the resonance 
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characteristics according to a conventional enam!'J:e resonatoE 

~ig. 4 is a section view illustrating the structure of 

an example of a conventional pi~zoelectric resonator. 

pETAILED DESCRIPTIQN OF "5fS PREFERRED BMBODiteEfP EMBODIMENTS 

By referring to the attached drawings, ofte e~ee~iment 

pref erred entbodiments of the present invention will be 

described below. 

Fig. 1 shows the structure of a pie~oelectric resonator 

1 according to efte- a pref erred embodiment of the present 

in~ention. This piezoelectric resonator l preferably has a 

piezoelectric substrate 2 and oscillating electrodes lA and 

3B. One surface 2a of the piezoelectric substrate 2 is 

ts 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 

wiata aireetienal central portion 2d of the piezoelectric 

20 substrate 2, ~ith the oscillating electrode 3A at the end 2c 

extending over the end ~ surfa~e 2e of the piezo~lectric 

substrate 2. The oscillating electrode 3B is formed so as to 

extend from another end 2f whioh is opposite to the end 2c ~ 

the wieefi eireceieH, te t:&e widta eUreeeieaal to the central 

5 
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portion 2d, with the oscillating elect~ode 3S at another end 

2f extending over another end ~ surface 2g of the 

piezoelectric substrate 2. In addition, the oscillating 

electrodes 3A and 3B overlap each ether at the 

s wiata ei~eetieftal central portion 2d, with the piezoelectric 

substrate 2 sandwiched therebetween. 

subsequently, the structure of the piezo~lectric 

resonator l 1 waiEff.i. is a fea:e'\:l:re t:laereoi, will be describ~d .. 

The piezoelectric resonator l preferabJ..,i has oscillation 

10 .buffer materials 4 respectively £e¥mea ea disyosed at 

preferablx the opposed ends 2c and 2f of the piezoelectric 

electrode 2. The oscillation buffer materials 4 , wfl:iefl: are 

preferably comprise insulating resins which do not include 

conductive fillers 1 ~ are farmed preferably disposed on 

15 the surface 2a of the substrate. The locations at which the 

oscillation buff er materials 4 are f el:'P.'!ea disposed on the 

opposed ends 2c and 2£ are determined as fellewe; described 

in the followtng paragraphs. 

l:a et:he:r -,,eras, ift 1!a the piezoelectric resonator l, not 

20 only the fundamental resonance wave K1 but also the resonanc~ 

wave I<.;t which has a frequency substantially equal to about 

three times that of the wave furtdamental resonance wave Ka is 

generated. When the resonance electrodes 3A and 38 are 

formed so as to optimize th& fundamental resonance wave Ka 
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-+&ee..<,w the conv!rttional example+, sh~.in Figs. 3A. and 

3il r the Sl mode refionance !<.JSl and the S2 mode resonance Km 

are generated, as well as .t.ha SO mode resonance K3SO which is 

the third harmonic resonance K3 • Conditions of displacement 

5 caused. by the third harmonic resonances l<,so, I< 1$t and Km 

having different phases on the piezoelectric substrate 2 are 

shown in Fig. l. Although the third harmonie resonances K3~, 
Km and K~ cause the maximum displacement in the 

w&aea diree~iesal central portion 2d of the substrate, the 

10 forms in which the displacements are concentrated are 

respectively different. That is, compared with the so mode 

third harmonic resonance KJSO which causes displacement 

concentrated in the width aireetional central portion of the 

substrate, the Sl mode third harmonic resonance K3s1 and the 

15 S2 mode third harmonic resonance K352 cause displacement to 

some extent~ !1 the opposed ends 2c and 2£. In Fig. 1L an 

alternata long and short dashed line represents the so mode 

third harmonic resonance KJOO, an alternate long and two short 

dashed line represents the Sl mode third harmonic resonance 

20 R:is11 and a dashed line represents the condition of 

displacement caused by the $2 mode third harmonic resonance K 

lSl. Also, a solid line represents the condition o= 

displacement caused by the fundamental reeonance wave K8 • 

The oscillation buffer ma~erials 4, which preferably 

7 
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have relatively small mass, are fermea preferably disposeg oc 

the surface 2a at the opposed ends 2c and 2f where 

displacement occurs due to the Sl mode third harmonic 

resonance K3sl and the S2 mode third harmonic resonance KJSz. 

5 The oscillation buffer materials ~ suppress or ~reyent the 

generation of the Sl mode third harmonic resonance Km and 

the S2 mode third harmonic resonance ~n· 

~he d~finite locations 4:ft at which the oscillation === 
buffer materials 4 are disposed are ae follews. described in 

10 the following paragraph. 

The oscillation'buffer materials 4 are preferably 

disposed at positions spac$d apart from reference positions B 

in tae el:l~e:r S\ilestrate width eii~eetiens by a. desired distance 

D, when the ends of the oscillating electrodes 3A and 3B in 

15 the stti!Jstraee wie:h airee~ieaal central portion are used as 

the reference positions B. The desired distance D is 

preferably set to he substantially equal to one to two times 

the thickness of the-piezoelectric substrate a . 

.An example of the locations in which the oscillation 

20 buffer materials 4 are disf)eeea are ao fellows: preferably 

disposed is desoribed in the following paragraphs. 

A piezoelectric resonator having a piezoelectric 

substrate 2, which is made of PZT (lead zirconata titanate), 

preferably about 5.4 mm long, about 0.3 mm thick and 

a 
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generat:ee adapted. to geue.rate a fundamental resonance Re of 

4 MHz, includes oscillating buffer materials 4 having a wid~t 

of abou4 0.3 mm at positions ssac~d apart from the 

above-mentioned positions B i~ gee e~ter 

S e\::leSl!:!i'ate wiEith d::iree~io~ by a distance approximately as lee~ 

a-5' equal to one to two times the thickness of the 

piezoelectric substrate 2 (wnich corresponds to the above 

distance O}. The reason why the oscillation buffer materials 

4 are disposed ::is as ielle\fS. k3 as d•scribed above relates 

10 #O the fol1owing relation•hip: as the oscillation buff er 

materials 4 ~ a;e located closer to the location of maximum 

amplitude of the third harmonic resonance ~ {serving as the 

antinode for oscillation of the third harmonic resonance K3), 

a damping effect bcsemeo aP!lareat is created with respect to 

15 the third harmonic resonance K3 • The location corresponds to 

the above-mentioned positions spaced apart f~om the reference 

position B by the above distance D, at which location the 

oscillation buffer materials 4 are ferfl!ed disposed. 

The oscillation buffer materials 4 are ereferably made 

20 of a resin which does not include conductive fillers. The 

materials used for the oscillation buffers 4 and tftei~ ~ 

thickness t of the oscillation buffer materials 4 are 

prefel':"ably determined as f.ollews. described in the following: 

paragraphs. 

P.10 
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The materials used for the oscillation buffers 4 and 

their thickness t pre;erably satisfy the equation F ~ C/2~, 

where C represents the speed of sound natu~ally determined by 

the oscillation buffer material 4i and F r~presents the 

5 frequency ot the third harmonic oscillation, which is 

10 

IPBroxim;ately equal to asout three times the resonance 

frequency of the pi~zoelectric resonator 1. 

Determination of the oscillation buffer material 4 

depends upon several factors. eee follewiag. 

By adjusting the resonance frequency of the oscillation 
' 

buff er 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 ef fici&ntly 

reduced. In addition, the characteristic oscillation 

is frequency f of the oscillation buffer material 4 formed on 

the piezoelectric substrate 2 can be fe'=l:fta determined using 

the equation f = C/2t, where ~ represent~ the speed ~ of 

sound naturally detertnined by the oscillation buff er mate~ial 

4 and the shape (in particular, the thickness t, preferably 

20 in the thickness-slide-oscillation-mode of the piezoelectric 

resonator l) of the oscillation buffer material on the 

piezoelectric substrate 2. Thus, by adjusting the natural 

oseillation frequency f of the oscillation buffer material 4, 

fO\lfta which is determined using the ~quation f = C/2t, so it 

10 
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iub1tantiallX agrees with the frequency of the third harmonic 

oscillation which is substantially equal to about three times 

the resonance frequency of the pi~zoelectric resonator 1, the 

third harmonic oscillation can be efficiently reduced. 

The surf ace on which the oscillation buffer materials 4 

are fer~&& disposed is not limited to the surface 2a of the 

piezoelectric substrate 2 ~. Inatea4. the osoillation 

buffer materials 4 may be formed on the other surface 2b. · It 

is preferable if the oscillation buffer materials 4 have & 

10 relatively small mass. 

Subsequently, the results of comparison between the 

piezoelectric resonator of the preferred en!bodiments of the 

p~esent invention and the conventional piezoelectric 

resonator in resonance characteristics will be described 

lS based on Figs. 2A, 2B and 3A, 3a. Fig. 2~ and Fig. 3A show 

the impedance and phase characteristies of both the 

piezoelectric resonator according to the pref erred 

ettlbodiments of the present invention and the conventional 

piezoelectric rasonator. Fig. 2B and Fig. JB show the 

20 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 ~ apparent from these figures, according to the 

11 
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piezoelectric r~§onator gf the pref erred embodiments of the 

present invention, it can be seen that the resonance third 

harmonic K, is controlled se ie such that the resonance third 

harmoni9 is not generated wibh&'\:it ~ the characteristics of 

S the fundamental resonance wave K8 sein9 are not deteriorated 

or affected. This is due to the fact thae the Sl and S2 mode 

resonance third harmonics ~hich displace the substrate ends 

2c and 2f are controlled and thus, degenerated due to the 

oscillation buffer materials 4 ferHtea located at the ends 2c 

10 a.nd 2£. 

The reason why only the generation of the resonance 

third harmonic K, is selectively suppressed despite the 

arrangement in which the oscillation buffer materials 4 are 

fe~~ea disposed at the substrate ends 2c and 2f where 

15 displacement also occurs due to the fundamental resonance 

wave Kv ie because, by adjusting the natural oscillation 

frequency f of the oscillation buffer material 4 so it 

sul?stantially agrees with the frequency F of the third 

harmonic oscillation which is substantially equal to about 

20 three times the resonance frequency of the piezoelectric 

re$onator 1, the third harmonic oscillation can be 

efficiently reduce~. An.other reason is that the fundamental 

resonance wave Ka is not affected by the oscillation buffer 

material 4 because it has greater excitation frequency than 

12 
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tha resonance third harmonic ~ when both waves are 

compar~d. 

As described above, by providing the oscillation buffer 

materials 4 which have relatively small specific gravity in 

S the piezoelectric resonator l, the generation of the 

resonance third harmonic ~ can be suppressed without the 

fundamental resonance wave KB being affected. 

Whi1e the invention has been particularly shown and 

dessrib@d with ieference to preferred embodiments the;pot, it 

10 wi11 be understood by those skilled in the art that the 

foresoinq and other changes yi form and details may be ~ad9 

therein without departing from the spiait and soope of the 

invention. 

13 
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WHAT IS CLAIMED IS: 
111111111111111111111111 111111 

C L M S * 

1. A piezoelectric resonator ~omprisin~i 

a piezoelectric substrate having 2puosite maio.a 

sux-£aoes1 

oscillating eleetrodes eR seta disposed on said 

5 gpposite maior surfaces of a piezoelectric substrate, said 

oscillating electrodes being fermea arranged so as to extend 

from 4!ofte respective opposed ends of said piezoelectric 

substrate to tae w:hiU1 Eiireetie:ead a central oortion of said ""' .. 
piezoelectric substrate so that said oscillating electrodes 

10 overlap ~ each other -Ht !.!i the wiata ell:!!eetieRal central 

portion of said piezoelectric substrate 1 with said 

eseillaeie~ pie;oelectric substrate sandwiched between said 

oscillating electrodesr-:; and 

whe~o.ei~ la. oscillation buff er materials aFe f er~ee 

15 en the pe~~ieae SE eeth e~~esea material disposed OB a 

portion of at least one of said opposite maior surfaces o= 

said piezoelectric subatrate, which pertieae are 2ortion is 

displaced by ~ third ha:rmOnic oscillation having a frequency 

s'Ubstantially esual to about three times ~ ~ resonance 

20 frequency of said piezoele~tric substrate. 

2. A piezoelectric resonator according to Claim claim 

14 
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l, wherein said oscillation buffer material -i-9 comp~ise1 

insulating resin. 

3. A piezoelectric resonator according to Clai~ 1 er 2 1 

91aim 1, wh~rein the ey:pe a composition and a thickness of 

said oscillation buffer material are determined so as to 

satisfy the equation: 

F "' C/2t 

where t represents ~ ~ thickness of said oscillation buff ~r 

material; C • the ;opresents a speed of sound naturally 

determined by the ~ oomposition of said oseillatiort buffer 

material; and F , t~e represents a frequency of th! third 

10 harmonic oscillation , be~ft! which is @ubstantially equal to 

three times said resonance frequency. 

~ A piezoelectric resopator accordins to claim 1, 

wherein the oscillation buffer material is disposed on each 

of aaid opposite maior surfaces of said piezoelectric 

suestrate. 

i.. A piezoelectric rmsonator comprising: 

a piezoelectric spbstrate having opposite maior 

su;:faoes; 

a pair of oscillating' electrodes eaoh being 

lS 
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5 disiosed on one of said opposite major surfaoes of s 

piezoelectric substrate; wherein 

the piezoelectric substrate is adapted to suppress 

a third hapnonic Ofsillation having a frequency substantially 

equal to about tl;rae times a resonance f;eguency of said 

10 pie%Oetectric substrate. 

,i.t. A piezoelectric ~esonator according to claim 5, 

wherein ;he piezoelactria subst~ate is arranged such that th' 

third bapnonic oscillation is suppressed without suppressing 

a fundamental resonance wave of said piezoele~tric substrate. 

~ A piezoelectric resonator according to claim 5. 

further eomprisi~g an oscillation buffer material disposed on 

I portiop of at least one of said opposite maior surfaces of 

said piezoelectric substrate for suppressing said third 

5 harll\onic oscillation, said portion of said at leaat one of 

said opposite ma.jo~ surfaces of said piezoelectric substrate 

is disp1•c•d by a third harmonic oscillation having & 

frequency substantially equal to about three times • 

resonance frequency of said piezoelectrid substrate. 

e. A piezoelectric resonator according to claim 7, 

wherein said oseillation buffer material comprises insula~ing 

16 
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yberein a compositigp and a thickness of said os;illation. 

buffer material are determined SO fS to satisfy the equatiOnt 

F = C/2t 

5 where t ftpresents a thicJsneSs of said oscillation buff e~ 

material; C represeJ1ts a $peed of sound naturally det•rmined 

by the composition of said oscillation buffer material; and F 

~epresents a frequency of thQ third harmonic oscillation 

which is substantially equal to three times said resonance 

10 frequency, 

1!:,. A piezoelectrio resonator according to claim Sb: 

xherein the oscillation buff$r material is disposed on eacb 

of said RPCOSite maior surfac~s o; said p~ezoelectric 

SJJbstrate. 
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