ope3e' Pj' M 6Tj:K 2 4 APR 2002 Pl EZOELECTRI C RESONATOR | NCLUDI NG

OSCl LLATI ON BUFFER MATERI ALS BACKGROUND OF THE | NVENTION Field of the

* Invention The present invention relates to piezoelectric resonators used in
vari ous types of high frequency filters and nore specifically roZ2& APR 200

pi ezoel ectric resonator including oscillation buffer materials arranged to
prevent generation of resonance third harnonics. 2. Description of the

Rel ated Art As a conventional exanple, a piezoelectric resonato
in Fig. 4 is known. This piezoelectric resonator 20 has oscill Mmﬂm,mﬂ@mm“”m
el ectrodes 22A and 22B on both di sposed on opposite major surfac

pi ezoel ectric subst r atRd EZDELEKERd CORHIAMRTORy NAAMINGs 22A and 278%¢e
formed to extend from opposite ends so that they overlap at w dth
directioncentral porti onSSCHEaTLON, BUFFHR M hogidlrate 21 -~ sﬂmlummmmm"mm
pi ezoel ectric substrate 21 is sandw ched therebetween. A high f

signal applied to the OSC|IIat|ng el ectrodes 22A and 22B enabl es t h®soooor*

pi ezoel I onat qr ate When an el ectrode havi ng shape such
as that %@@%@@2} 3&"%&@? ectrode ... whip 2 4 APR i 00 adapted
to optimze haeice ¢ 3L o,rgw%f L:he fundanent al “resonance wave is ~ used in
such a conv 3Z70€ resonat or haV|ng t he above structure) the
si ze and shapg fg%%hJﬁIJingyéﬁﬂféyg i aased rel ative to the

third harrmnlc hus raises a prob ema not only the third harnonic
in the SQUMAS Juit Jda eSORANCR o hivif NUMNIES ffd S frtqtt%r%nd the S2

node having which have d| fferent phases are al'so generatéd. The a~
resonanggd kid»¢ ha i §
because They cause deterr oralon N “resonance eristrcs t he
r esonat @isc iiNea toiemy &f fena mateadadiso lax e dialo irewieted geneelattiionn for
suppressing the resonance th| rd harm)nl cs wthout affecting the

char act @ g .esonance wave.

-

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 emn—Pbet: disposed on
opposite major suriaces of a piezoelectric substrate 21.
These oscillating electrodes 22A and 22B are formed to extend
from opposite ends so that they overlap at &ke
wigdth—direetieonat a central portion of the piezoelectric
substrate 21 +—with 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 with having a shape such as that of a
partial excitation electrode eapabie—ecf—eoptimising which is



SUMVARY OF THE I NVENTION To elimnate the , .. problens described above)
the preferred enbodi nents of the present invention to provide a

pi ezoel ectric resonator in which the resonance characteristics the n@@fu re
enhanced by preventing the generation of the resonance third harnDnlcs t he
The foregoing e~j-object advantage is achieved through the provision of a
pi ezoel ectric resonator 2 4 APR | OQZ having oscillating el ectrodes "~

di sposed on opposite surfaces of a piezoelectric substrate, the oscillating
el ectrodes being arranged so as to extend fromrespecti ve opposed opposite
ends of adaptedeXooloptimizes §Hst £FCA RS 10Re ORI 3P épréémﬁaﬁaﬁ a central

portion of the plezoelectrlc substrate so that the substrate_w dth
d|rectl6ﬁ§Pné§ﬁ€r&PVGoﬂﬁlSﬁféﬁﬁeﬁhé=&§cPPI§PF g2eFeBVEBE&S Ever | ap each

other ; with the oscillating substrate_san ched _between th osclllatlng
e ect 1 0B6€ 2OGHEF & 03EPTAEFor A PEr hB BPPPs ShPBChrSRos B oRLERe

portlons oth QRpase sit.e s¥rfacesgof t he . glezoelectrlc
substra§§= p@#@é@gs g &0 ?3?§ge8d8y arnonic o5€rTation

having g faggggggzdsuaagaqblakgytgguehl&e ABOHLALD! CGRL LIPRALEC Tesonance
freque i c substrate ccor |ng to preferred
e”bOd'”?BE%e%fat%%o%ﬂ%%EQE hB%eBhH9nthEh%hQQBehéEhgﬂlef1hh%h§186nd the S2
node resonance third harnonics whi Ch di splace both ends of Y@ substrate

suppr esgedebyudsehlel aeisonabekl ehikat aarabsicehenelhe Ehembhir dnhakRRNi CS
are suppressed without the characteristics of the tundanental resOnance
wave becpgmatibedbedaaswhilkht hhe Hefdrarne ehasaet etrkstiied are i nproved by
t he amount of such suppression. 3 Z 4 APR zooz In addition, the third
har noni geaseilklkdt.i ofheagehexekkiciresbhpnsepphessdetdabypoadreswhight heenat ur al
oscillation frequency of the oscillation buffer material which is

det er i gedekptedbetrle eksirepedy dfiseduattageausohsransedeheyniasdeby t he
type of the oscillation buffer material and the shape of the oscillation
buf f er Aaterigratient hat thRerRECHAALSOSERFREEREASELEG§ueicyhef the buffer
material substantially aoreestmnthlthe freouenc of the thlrd har noni c

osci | | aFFERTRAPEN 228 E8BY R0 L) YELRE gEdidedaar esonance
oo gtagtabns 0208 a~WﬁmLMme_J4mwd~A~mz¢siiﬁ§$£m
|nvent|8:£ﬂ% k nggggga _ ' k! ¢ __,_,:Elon of the
pr ef er r eG—embod egin the

acconpapykigzdeaMags., BRIEF DESCRIPTICN OF THE DRAMVNGS Fig. 1is a
sect|0n=7fﬁﬁffffﬁ§f?ﬁfing the structure of a piezoelectric resonator
according to eye a preferred enbodi nent of the present invention.
SUMMARY OF THE INVENTION
To eliminate the preblem—it—is—an—objees problems

described above, the preferred embodiments of the present

invention €e provide a piezoelectric resonator in which the
resonance characteristics thereof are enhanced by suppressing
preventing the generation of the resonance third harmonics.

Aeecordingty—the The foregoing ebkjeet advantage is

achieved through the provision of a piezoelectric resonator



"Figs. 2A and 2B are graphs showi ng the resonance characteristics according
to the preferred enbodi nent shown in Fig. 1. Figs. 3A and 3B are ra hs
showi ng the resonance 4 2 4 APR 2002 characteristics according 2002
conventional exanple resonator Fig. 4 is a section vieM/iIIustratrng t he
structure of an exanple of a conventional piezoelectric resonator. DETAI LED
DESCRI PTI ON OF ~ PREFERRED T' ~" ~nnr ~- EMBODI MENT EMBODI MENTS By referring to
the attached draw ngs, ere e~:= preferred enbodi nents of the present
invention will be described_below. Fig. 1 shows the structure of a

pi ezoel B2Ying pesbhARBLNG BEE6FHPAGSt BePEth gispe DpbabhE

present invention. This oel ectric resonator 1 preferably has a
p|ezoel%%%?F€e§u8§t?aPéeEOQiﬁCBEcFIFHPFEﬁaEPecF?%d%§C3h Lah#8B. One surface

2a of th i ezqel ectric ubstrate 2 |s prOV|ded with the_oscillating
electroﬂﬁ gifoaﬁ Sthe bsPsaﬁr59|a§B Wt h PReSBSci | I ati ng

el ectrode 3B., The oscillatin ro gs; Lo extend from
one end* $EPBF K ptrezoe e%ggFf=€ﬂ Stf S §@ Lgo §£Q§% ?% Ec?tlon 2d of the
p'ezoe'E&Bétgaﬁgbékr@%8-%eé@%£$é%@@§938§4'gtbQHtFA?CESPQEOQAbgttLQe end 2¢
extendi ng over the end fee surface 2e o e piezoelectric substrate 2. The
OSC|IIaﬁiggog%gggggges§§St§a£9rggdtﬁgg gxtend from another end 2f which is

opposite to the end 2c to the central 5 2 4 ANR 1002 portion 2d, with the

osci | | 488 ; : el ceRflrdl gxtendhsdoOVeheanot her end
~af ace- ee surface Zg of the plezoelectrlc substrate 2. In addition, the
osci | | absaglehechgodeacBAcand 3Bepleapl apehachcht beheat -t het ghb
directional central portion 2d, with the piezoelectric substrate 2
sandwi chedil hetebegt mebrtrate sandwiched between the oscillating

electrodes, wherein oscillation buffer materials are fermed
disposed on the portions of beth—eppesed 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 present—inventieon nthe foregoing

degexiption 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 ean—ke is
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.



Subsequently, the structure of the piezoelectric resonator 1 which is a
festure thereof wll be described. The piezoelectric resonator 1 preferably
has oscillation buffer materials 4 respectively forned disposedzﬂ24 APR 7
preferably the opposed ends 2c and 2f of the piezoelectric el ectrode 5. m%e
oscillation buffer materials 4 , which preferably conprise insulating
resins which do not include conductive fillers ; and are preferably
di sposed on the surface 2a of the substrate. The |ocations at which the
oscillation buffer materials 4 are disposed on the opposed ends 2c and 2f
are determ ndd addiglioows ties&hiddhapmphéct eScawlagipar agnaphs. In the
other words in the piezoelectric resonator 1, not only the fundanental
r esonan€é fiavenNKBYb SUPRISS SERe DY e 368ABAE AT YAV BCKBARMEER RES1ALRESGHency
substantially equal to about three tines that of the wave fundanental
r esonané&eARPECKBOLs tHEnOFSLdd 2t WRBN PLRECF e BBRERE 8 LePBEETEHeWRAERAS 3B are

formed so as to gptimze the fundanental resonance wave KB 6 2 4 APR 2002
-fee seégéﬁéﬂéaﬁgeﬁFP@nEPtgxﬁgﬁlép??gsﬁémﬁoPﬁ FR§s® SR"ShE"SB the S1 node

o K A 5052 TR gheRReReR 08 AL et a5 ey 25, Lhe

i S7the arinoni ¢ 'Tesonance
of disp e caus b h L i nc s ~ and KS3s
havi ng g?%fgﬁghf %Eaggg éﬁE%%é%EF%§o§ gg??i@aggggggét§§2 are shown in Fig.
1. A theugh the hhiudahaoanangatesananeasekdoook3sneandekas naauseathe
maxi munTar Spi acenent Tn tne ra-- ~ ~ ~ ~1~ ~— CE€ ar_portron 2d of the

substrag@bsthathanly agreRischithecdes Ekagaa@a So@l eheOREeRHr ahefoare

respectrvely difterent. at is, conmpared with the SO node third harnonic

resonaneeck3satwhnclvhdaisés gubpkanenmilycegaalt tat @BouB theee rimes' : a-

~~~~' ~~~1 central portion of the substrate, the S1 node third harnonic

r esonanckeK3sscandcehér8zupndy bl tehpirvnetecesdnamesoKdsorcause

di spl acenent to sonme extent e~: at the opposed endg 2c and 2f. In Fig. 1~
hese and other &et fe . o a

har noni ¢ reson%hceAkégb anmafterhaféhldng and tmbgéﬁg(t'da$hed l'i ne

e e sbhe sonance wave KB The oscillation
buf f er REEEFEFES—F—w-chprerorapry—r———z o T ftez2og2—frave rel atively
face 2a at the opposed ends

: S 3s e =me. 51 node third harnonic
resonance FC3si and the S2 node third harnonic resonance K3s=. The
oscillation buffer materials 4 suppress or prevent the generation of the Si1
nmode t hgrdekabepaRrepresanarc eyk3srarndgghe S2 node third harnonic resonance
R3s~. The definite locations ~ at which the oscillation buffer materials 4
are di sposedrFage * is a wewtiodestewbédlunttheihgl kbei agrpatageapli. aThe
oscillation buffer materials 4 are preferably di sposed at positions s a~Ced
apart fproaepefectmée pescnadony Bccording toppra geprefdrdedt ance D, when
the ends of the oscillating electrodes 3A and 3B in the ~~~-~ej~"t~ ~';
~~~~~ ' embodidmgntaPipshei BACEPBLusBHCRBE1PRe ref erence positions B. The
desired distance D_is preferably set to pe substantially egual to one to
two times thEBRi-cRAe@8dR Bt RECPPEZBBFEE PW&nguﬁgﬁraﬁéoé?n fi exanple of the
| ocations_in ich the oscill.ation buffer terigls 4 are . preferably
i SposeliPSAgEeErEA: ACERESEBE DRI AGep - egbpRidsnre
r esonat ing a piezoelectric substrate 2, which is nmade of PZT (I ead
zirconagé-giééngfe), preferably about 5.4 mmlong, about 0.3 nmthick and 8

Figs. 3A and 3B are graphs showing the resonance




"z 4 p~R zooz e~. _ adapted to generate a fundamental resonance KB of 4 MHz,
i ncludes oscillating buffer materials 4 having a wdth of about 0.3 mm at

. positions s a~Ced apart fromthe above-nentioned positions B ire- 7 £ APR 2002
S~.~s-tit-e-~~d~!~Y~~zez by a distance approximtely a-s eaual to ng 12(9
two tines 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
followi ng relationship: as the oscillation buffer materials 4 g~ are

| ocat ed-1ed as@r e # Os € 1es | HEdd ATt drexi dirm g driald esefmi e &g dith e MoNi C
resonance K3 (serving as the antinode for oscillation of the third harnonic
resonance K3), a danping effect is created with respect to the third

har nmoni ¢ resonance K3. The | ocation corresponds to the above-nenti oned
positions sFigpard Is omsdntief eriawel bositranim byhe et abovwerelist ance D,
at which location the oscillation buffer materials 4 are di sposed. The

osci | | ar crrduf ferofe erdrentional (MHief29ult gL Mkl er FOTRTXSI n whi ch does
not include conductive fillers. The materials used for the oscillation
buffers 4 and the thickness t of the oscillation buffer materials 4 are

preferabl y determ ned as ~~~descrihbed in the follow ng paragraphs. 9 z 4
APR -0 R BARLER RS G Ty G e, Ppnsheely subortiiates v bhAieiire

t hi ckness t refe abI tisf uat i where, C represents

t he speed oféasoun ‘bt/nrﬁaﬁ st}q}a/eet'sgzﬁ:rrafcneaé é)raf"blngbscr ifeatar';oasnsElblu'f?‘er mat eri al

4; and £ &0 fndd 04BN RO Lhe. s £l JA NI opld | ati o, whi ch
IS ap~ro’ S—=holut three 1ines resonance frequency of the
pi ezoelcegstglrpogces}ggrpévp_r 1. Determ nation of the oscillation buffer materi al

4 depends upon several factors . ~r~i~g-~ By adjusting the resonance
frequency ofpihe psgndvatdian dhferurates ialpdefeidcphstadddadd o agr ees
with the frequency of the third harnonic oscillation which is to be

att enuat ethcdhbiddi v drer D we Higotdd admord teentheefficimrddeny educed. I n
addition, the characteristic oscillation frequency f of the oscillation
buf f er inatesrtiiain 4 forined ioreddiee @i eznetessind s Ubgrefergblogamar a-
determ ned using the equation f - C/2t, where C represents the speed ~ of
sound rrteAes ) §cdeterid wt%earéﬂscqscrlaﬂwrmfeﬂe&ctm@s @A anghd the
shape (in particular, the thickness t, preferably in the

t hi ckneds- s|Gfe- %&:ﬁqqedﬁ%rPfrrdﬁée dfleﬂfee]rﬁcetz@éf U T I s ohatDr 1) of the
oscill ation fer material the oeIe rlc suhstrate 2. Thus, by
ad] ust |Hfg°‘t1'rf£e AR B IS T 9Y e%fre O ST O Du £ ar

materral4 h is det Si th uat |onf it 10 2 4
APR 2002 suab ﬁfl aﬁ I ylea\glréeged;%\%tt%h ttr}ﬁee rcelglﬂlency S‘bfe]t‘“:f'uc % ar noni c

osci || aﬁ‘ﬂ&%é’fﬁﬂ%ﬁf%ﬂd@é | 3 6Gd Ul AP U e t&! éé 5#%? .
resonance frequency o e pi ezoe ectric reso ar noni c
osci | I afeonefcan beefdicigdd de reduced. s ik s d a239cc9rla whi ch the
oscillation buffer materials 4 are disposed is not limted to the surface
83 sd@cidrl SeRifAl ok dion |78 teRthd heiassd ldaddon buf fer
materials 4 rray be forrred on the other surface 2b. It is preferable if the
osci | | atulmstiatdd €2, natteh itdles dbdidhimtEinelateatodes il lammasse Subsaguent |y,
the results of conparison between the piezoelectric resonator of the
pr ef er reget sgrbiowy rerrs e tered prasserguifacntioriafhe vl earrdent b ol
pi ezoel ectric resonator in resonance characteristics will be described
based dititg@EtoR - 28 PSA 1 BE.in9 elegtzeie B isAared 13 asplance

and phase characteristics of both t.he EIGZOG|€CIFIC resonat or _according to

the pr 2EkSTEL b AR o‘?n et df t1§ RRRAT Yrf Il tiRe S¥hviEntFBnal
pi ezoel [ . . 3 . .3B ShOM/the | npedance and phase
char actel ' & ic B G%Fﬁ§¥% lectric
resonator according to the preferred enbodlnents of the present i nvention
and the conventional piezoelectric resonator. As ias apparent fromthese
figures, according to the 5




11 2 4 A PR 2002 piezoelectric resonator of the preferred enbodi nents of
the present invention, it can be seen that the resonance third harnonic K3
"is controlled ~ such that the resonance third harnonic is not g Eelilfht‘lﬁ[ﬂ
-and the characteristics of the fundamental resonance wave KB a
deteriorated or affected. This is due to the fact that the S1 and S2 node
resonance third harnonics 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
r esonanoert hom d2darwonh ct K8 ¢scsbl atingedyesuppiesi®dadespdtleet hend
arrangenent in which the oscillation buffer materials 4 are disposed at the
substr a2 engen@tnandvet anpetkedi opd ateeengsunface e 9S e to the
fundanental resonance wave KB is because, by adjusting the natural

osci | | R3eAPFetBheySEPBEra bR Bsci IT ATGH: bert £ e¥heredesi hiatuing it
substantjally agrees with_the fr %%ené: F of the third harnonic oscillation

whi ch i%l_%%%%?%?ﬁi%ﬁ‘l‘i‘/n gtRl OYor _ rFets’fc & resonance frequency
o L oe et Et L et esonalor L B 18 NI £ st ancan be
KB is n&bsa{f%fcéeg ?Xn&‘pgcgégi%%%}‘%g&p%égr mat erial 4 because it has

gr eat er” exci on Treauency t APR 1002 the resonance third

h ic K3 ' , b i di
e 0sci 11 a) Gn BETT ar  hot ol & A W £ e Tl S TVeTy Sral | epbei fic |

the oscillation ave rel ati specific

gravi t yrd dbi o Pi £706lecbel Lot £spnatele lsndhasgener al g0 &sdhe,dgsonance
third harnonic K3 can be suppressed w thout the fundanental resonance wave

KH bei nthaffesiedliedbile tdbsohaventi opréifer ¢ tdsed Brd tyi shown and
described wth reference to preferred enbodinents thereof, it will be
under stinoff &y hdoseisks|4 etespethevaly fdmtedhen fdismspedi@and ot her
changes in formand details may be made therein w thout departing fromthe
spirit gggﬁgggggxotheh@ppﬂﬁeﬁt¢m¢ﬁ 2@ 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 fermed preferably disposed on
the surface 2a of the substrate. The locations at which the
oscillation buffer materials 4 are fexrmed disposed on the
opposed ends 2¢ and 2f are determined as fellews—+ described
in the folldwing paragraphs.

In—ether—words—in—In the piezoelectric resonator 1, not
only the fundamental resonance wave Ky but also the resonance
wave K, which has a frequency substantially equal to about
three times that of the wave fundamental resonance wave K; is
generated. When the resonance electrodes 3A and 3B are

formed so as to optimize the fundamental resonance wave Kg



'z 4 a PR zooz WHAT IS CLAIMED I'S: 1. A piezoel ectric resonator comprising:
a piezoelectric substrate having opposite ma-ior surfaces; oscillating

- el ectrodes ~~ di sposed on said opposite nmai or surfaces of a piez qézctric
substrate, said oscillating el ectrodes being ~~ arranged so as t& PR A2
from ~e respecti ve opposed ends of said piezoelectric substrate to
t.~re~~a-:id-" ~-~~~ a central portion of said piezoelectric substrate so
that said oscillating el ectrodes overlap each other ~ at the ~ ~ a~"~ ~';
v~~~ ~~~~ central portion of said piezoelectric substrate ; with said
pi ezoel ¢8eeilgeeubber APBVSRAUANR heBXBBP he et sBheWA] agbngsbl andr odes;

and an oscillation buffer material_disposed on a portion of at |east one of
sai d opdBiit shepPfér Medpf 88NN Ceake At ddi& G MeuBasEcalish ~' - ~~~
portion is displaced bg a th&rd hay noni c oacillation havi ng a freguency
subst an®F &l F§neaaart o2gbBEL -t AF EREi AESTPHR HeFRRBRGRCKSS MEYEhGY® of said

piezoelectric,sgaﬁtrate” 2. iezoe#ectr'c .esonat or, according to claim14
oh3r i

A
2 4 APRHB0 éF@PngamSBEEPF?a ‘on T s & A1sP Ses
insulating resjn. 3. i ezpel ectric resonator according to War 1 claim1,
RIS B M as: e e L AR -l T g S B
mat er i are determned sp_as to saiiss Lon.. F. = Cl2t where t
Moo csone 8t Bo L B RRREE B8a88s! GnsEhe b Le ORI ELALL ORup L Fafe % HET S

represegﬁﬁyﬁ‘ EHe?gaof 1Sound. patyral & Eﬁ&?&”ﬁ&?ﬂo}?}’ctPg?sﬁaﬁ%@oﬁi tion of

said osciTlation _ffer_na errar; an ~ represents a frequency 8?'the
third harmop ¢ ;0scibhabi eReALginlA a¥Bptanthahtyigapgl to three tines said

resonanc®' frequéticy.
wideb—dixeetieosat central portion 2d of the substrate, the
forms in which the displacements are concentrated are
respectively different. That is, compared with the S0 mode
third harmonic resonance K,y which causes displacement
concentrated in the widtk—dixeetienad central portion of the
substrate, the S1 mode third harmonic resonance Ki,; and the
S2 mode third harmonic resonance K;. cause displacement to
some extent er at the opposed ends 2c¢ and 2f. 1In Fig. 1, an
alternate long and short dashed line represents the S0 mode
third harmonic resonance K;5, an alternate long and two short
dashed line represents the S1 mode third harmonic resonance
Ky5;, and a dashed line represents the condition of
displacement caused by the S2 mode third harmonic resonance K
;- Also, a solid line represents the condition of

displacement caused by the fundamental resonance wave Kj.

The oscillation buffer materials 4, which preferably



" 4. ‘A t~iezoelectric resonator according to claim1, wherein the oscillation
buffer material is disposed on each of said opposite maior surfaces of said
pi ezoel ectric substrate. 5. A piezoelectric resonator conprising; a a-
el ectric substrate having opposite maior surfaces; a~gair of osgﬁMWBdWBg
el ectrodes each being 15 2 4 APR 2U02 di sposed on one of said opposite
mai or surfaces of a piezoelectric substrate; wherein the piezoelectric
substrate is adapted to suppress a third harnonic oscillation having a
freauency substantially eaual to about three tinmes a resonance freauency of
sai d pi bavel eelleitd vedbsemalé. M8sA, ppregoépeaes predesabiyy disposgdngnt o
claim5, wherein the piezoelectric substrate is arranged such that the
third hakposuEiesei PragitoRhEs OBEPFEEs §BESWRENBBE 2dppFessi ng a fundanent a
resonance wave of said piezoel ectric. substra | ezoel ectric

. te. 7. A
r esonat 8¢ SREGGFARRG t 8EHAFnFES FﬁrFH@rS&oWﬁPEngéranRB§@PPF5tion buf f er
mat eri al di sposed_on a ortionsgf aCE qust qne of said ocg)rgo.sit mai or
surf ace$e5PRERCE Fre A ect?s SEUBTT At ¥ D TURP e 1 SH G thwer d
h [ i|lati id. L f l,d t f ' it
Tl or ‘s QPPagES ar LaTH bes8s Berrracdins: paper Rt elnBrlushE fAO0PT

nar moni GeaaeLiighl g hayl ngianbheapacy adbsbast! abtingqual k9 Ageut three

times a“resonance frequency of said piezoelectiic substrate. 8.
pi ezoel egLrice HEIRN2HokqaCeAAbRY ct Secbabicd: ;.

The definite locations 4w at which the oscillation
buffer materials 4 are disposed are as—feoliews+ described in
the following paragraph.

The oscillation buffer materials 4 are preferably
disposed at positions gpaced apart from reference positions B
in-the-suter substratewidth direections by a desired distance

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

the —substrate—width direetional central portion are used as
the reference positions B. The desired distance D is

preferably set to be substantially equal 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 d&ispesed—are—as—Ffeoliews+ 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



whérein said oscillation buffer material conprises insulating 16 S 2 4

APR 2002 resin. 9. A piezoelectric resonator according to claim7) wherein

- a conposition and a thickness of said oscillation buffer materi ?s )
determ ned so as to satisfy the eguation: F = C2t where t repr %%P@ qu
t hi ckness of said oscillation buffer material; C represents a speed of
sound naturally determ ned by the conposition of said oscillation buffer
material; and F represents a frequency of the third harnonic oscillation
whi ch is substantially equal to three tines said resonance frequency. 10.
pi ezoel estryexetrees @EARH Heme laaifmr@lamgindgradi v etsvemags@ [KpatiEon

buffer material is di sposed on each of said opposite mai or surfaces of said
pi ezoel dctMHz suissitucetse osEZ L1aA 1AR1 NS TA mafteripls A ARaNiMgAAML.IAIA 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
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subotrate—widehdixeetion by a distance approximately as—te=ng

&8 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—fellews—AS as _described above relates
to the following relationship: as the oscillation buffer
materials 4 get are located closer to the location of maximum
amplitude of the third harmonic resonance K; (serving as the
antinode for oscillation of the third harmonic resonance Kj),
a damping effect beecemes—apporernt is _created with respect to
the third harmonic resonance K,. The location corresponds to
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 feoxmed 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 thei the
thickness t oscillation buffer materials 4 are
preferably determined as feilews+ described in the following
paragraphs.
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ggroxlmatelv equal to about three times the resonance

frequency of the piezoelectric resonator 1.
Determination of the oscillation buffer material 4
depends upon several factors. the—feilowing—

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 feund 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,

found which is determined using the equation f = C/2t, so it
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buffer materials 4 may be formed on the other surface 2b. It

DEXE

is preferable if the oscillation buffer materials 4 have a
relatively small mass.

Subsequently, the results of comparison between the
piezoelectric resonator gf 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 is apparent from these figures, according to the

11
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piezoelectric resonator of the preferred embodiments of the
present invention, it can be seen that the resonance third
harmonic K; is controlled se—it such that the resonance third
harmonic is not generated withewt and the characteristics of
the fundamental resonance wave K; being are not 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 fermed located at the ends 2c
and 2f.

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
formed _disposed at the substrate ends 2c¢ and 2f where
displacement also occurs due to the fundamental resonance
wave K; is because, by adjusting the natural oscillation
frequency f of the oscillation buffer material 4 so it
subgtantially 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 be
efficiently reduced. Another reason is that the fundamental

resonance wave K; is not affected by the oscillation buffer

material 4 because it has greater excitation frequency than

12
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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 K; can be suppressed without the

fundamental resonance wave Kz 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
foregoing and other changes in form and details may be made

parting from the spirit and scope of the

therein without de

invention.
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1. A piezoelectric resonator comprising:

a_piezoelectric subgtrate having opposite major

surfaces;

oscillating electrodes en—beth disposed on_said
opposite major surfaces of a piezoelectric substrate, said
oscillating electrodes being fexmed arranged so as to extend
from £ke respective opposed ends of said piezoelectric
substrate to the—width—dixeetionad a central portion of said
piezoelectric substrate so that said oscillating electrodes

-y overlap with each other +m at the widthdireetienald central

portion of said piezoelectric substrate + with said
eogesllating piezoelectric substrate sandwiched between said
oscillating electrodes+—; and

wherein an oscillation buffer matexials—are formed

en—che—portions—ofboth—oppesed material disposed on a

portion of at least one of said opposite major surfaces of

said piezoelectric substrate, which pextiens—are portion is

displaced by a third harmonic oscillation having a frequency

substantially equal to about three times &he a resonance
frequency of said piezoelectric substrate.

2. A piezoelectric resonator according to &laim claim

14
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1, wherein said oscillation buffer material #s comprises

insulating resin.

3. A piezoelectric resonator according to &laim—t—ox—2—
claim 1, wherein thke—type a_composition and a thickness of
said oscillation buffer material are determined so as to
satisfy the equation:

F = C/2t
where t represents &he a thickness of said oscillation buffer
material; C +—the represents a speed of sound naturally
determined by the +ype composition of said oscillation buffer
material; and F ——tke represents a frequency of the third

harmonic coscillation +—being which is substantially egqual to

three times said resonance frequency.

4. A piezoelectric resonator acgording to claim 1,

wherein the oscillation buffer material is disposed on_each

of said opposite major surfaces of said piezoelectric

substrate.

5. A piezoelectric resonator compriging:

belectric trate having opposite maj

surfaces;

of oscillating electrodes each being
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piezoelectric substrate; wherein

the piezoelectric substrate is adapted to suppress
a third harmonic oscillation having a fregquency substantially
egual to about three times a resonance frequency 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 major surfaces of

said piezoelectric _suppressing said third

harmonic oscillation, portion of said 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.

wherein said oscillation buffer material comprises insulating
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9. A Eiezoelectric resonator according to claim 7,

wherein a composition and a thickness of said oscillation

buffer material are determined so as to satisfy the equation:
F = C/2¢t

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 major surfaces of said piezoelectric

substrate.
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