1 "PI EZO ELECTRI C OSCI LLATOR' The present invention relates to a third
overtone piezo-electric oscillator arranged to be oscillated 'g,é?e

t hi ckness-shear node.. A piezo-electric oscildator is known 987
arranged to,be oscillated in the thickness:shear node. The known oscillator

i s madessuitable for providing a nai.n oscillating drive by formng circular- -
driving\gl ectrodes on opposite surfaces of a circular quartz oscillator '
menber. However, this oscillator has many 10 spurious oscillations in
addition to the main oscillation, and when the conbination of- higher order
spurious oscillations are "GIEAOMEIECARIN@IALIATAR ati on of the main

oscil'l ation, an abnormal frequency phenonenon i-s. generated, especially in

the 15 . frequency-tenperature characteristics. Therefore, in order in
particular to avoid spurious oscillations in the contour node, attention

has -Been' pai dfto the slfmse es%j[nﬁ'.e i@fvﬁdﬁdtﬁf rﬁéﬂa}?ereéjrﬁd/id"&k%g@td\%i&%ﬁeas '
may be seen, for exa , fraomthe.. ication of Japanese n
hopl i cat i on' No | EXGSFHRStIhm Gl Aot Attnasd. Hobhr S8 GdaRed 1h
Application. No. 4Ah&OAhiUKhesdwhear, modesuch an oscillator, the application
to a thickness- shear myds, qualemiol A SRLdi945301d ool (i the
mai n oscillation may cause an harnoni ¢ 25 oscil I7at i on of aihlgher or der
to be genebated iarrenged ¢o te vscidlatiedusinoddie tidicknegssehesdy modeve.
Therefore, the pr ld t p i i
gg%%g?ﬁéﬁéiddETlf%éaivﬁfrgﬁﬁ%ﬁgﬁuggfﬁipiﬁg§§F%ﬁﬁ ga

Appl i cati on No. t he use. of ustin ect rodes shaped
like a pair of main qscillating drive by forming circular driving _
U B eleqtrqdes on opposite surfaces of a circular quartz
| oscillator member. However, this oscillator has many
10"-'spurioﬁs;qscillétions in addition to the main

oscillation, and when the combination of higher order
spurious oscillations are generated during the |
oscillation of the main oscillation, an abnormal
-frequency-phehomenon is generated, especially in the -

15 frequenéy-temperature characteristics. Therefore, in
order in particular to avoid spurious oscillations in
the contour mode, attention has been paid to the shape
or size of the qircular driving electrodes, as may be

o seen, for examplé, from the publication of Japanese _

. ' 20 ?atent Application No. 13608/1985, and the publication;'
R - of Japanese Patent Application No. 40492/1988.
C | .~ However, in such an-oscillator, the application to .
a thickness-shear mode system of a spurious oscillation
- following.the main oscillation may cause an harmonic
25 - oscillation of a highér-order to be generated in -
| addition to the spurious oscillation described above.
Therefore,-the'preSent Applicants have prdposgd in
Japanese Patent Application No. 38764/1984 the use of
frequency adjusting electrodes shaped like a pair of -



2 spectacles in order to solve this problen1by utilizing the mass Ioadlng
ef fect. However, in such a construction, an error nmay arise in the position
of the mass load and the effect of 5 2 the nass | oadi ng may be smal |,
since the anount of adjustnment is small and there may be a variation in the
position of used_ f £ n SS I d|n T t af .t he
pr esent |ndﬂﬁgﬁﬁﬂ9f stﬁ%r%f% ?% %?gvsnﬁhgﬁepse ?weﬁge gﬁlgﬁéﬁ bnogyal
frequency Iitthe mqﬁ&n&n&ﬁmmg|etﬁechlrd overtone pi-ezo-el ectric oscillator.
According to the inye n vi ged | overtone

pi ezo-el ectric oe%ﬁii tof gﬁr%%égda &Qﬁééggét gfegﬁ e?rh? o fckness- shear.
node, commﬁ@#ﬁﬁ;%Psiﬂ%t%@ﬁ#%iG@ @fr%bﬁamaﬁﬁei@aéléé@r#éelsffec§léﬁe

havi Bg oppagid qﬁyssdlmaﬁlg% Eé”é:ﬁ&ﬁ eashcef tnelahohﬁtpbew ded vvnth a
driving ele rode haglgg |n the X |rect§on and Iength L

inthe Z there may be aVVQrEF 1°8n&no BB [err] L
[err] 2 D ?pos/\hexcm f Sttﬁélenahlaniﬁﬁ@d f)értﬁemiﬁQOtheemassclead&agt.

LT erably.” cach chd Al <58 2ot 800 TAnE Boh 6y “indhpolt oL O

OSC|IIator‘tQHnngveﬁtntkgamg¢werMQeAafcbheq&hnozmbécfr9quenCUEnber may be.
cut gboamzp Eac d%w%ﬁdaéw&t&ﬁérlléa Léfeé’tf‘ibabséiﬂ.lﬁtbi‘n from |

t he driving electrode IS erabl y provjd
| ead electrodeeﬂAQ¢R¥§kﬁgﬁﬁ%r?h%fp¥ﬁ%eﬁte%BYQFEé?FrctBFEﬂeﬁF The

i nvention igrdvided rateeh rdresed vt dive Ve £6- éxesprec oscillzagogonpanyi ng

draw ngs, |n gwhged]to be oscillated in the thickness shear mode,
_ ' compris1ng a substantially c1rcular piezo-electric o/
15 element having oppositely disposed main surfaces each of “
which is prOVided with a driv1ng electrode having a
width W in the X axis direction and a length L in the 2’
aXlS direction such that '
20 W< D/3, and .f

0. 5D ¢ L < 2 D/3 _
‘wWhere D is the diameter of the piezo electric element
' Preferably, each. driVing electrode lS elongated in
_ the Z'axis ‘direction. :
25 The piezo- electric element is preferably an AT cut
quartz oscillator member For example, the AT cut quartz
 oscillator member may be cut along a surface inclined at
about 35. 4 in the ¥' axial direction from the Z' axis.
Each driving electrode is preferably provided with
30 . a lead electrode at the periphery of the piezo—electric
element. _ . -
The invention is illustrated merely by way of
example, in the accompanying drawings, in which:-



3 Figure 1(a) is a plan view of a piezo-electric oscillator according to an
enbodi nent of the present invention, Flgure 1(a) showi ng the surface

el ectric charge distribution in the spurlous3050|llat|on of the 5 . third

overtone and ninth overtone; Figures (b) and (c) are the surface electric

char 9o 4 5111 U190 Supiiaed AP £4°8 BLod G50 6) W p Bosb LA bem o, 1
t he surface electwsciliamgm anenrdingltn1an1emhndzmentﬁoﬁutn¢mpre§entous '
oscillation of t hendid ﬁ%PVQ§ ‘1 é|r1§§¥§H )tﬁgug&¥?acénéiéégkﬁyrface

el ectric . charge dlstr uti‘on” curve case of urious 15
oscillati on showfharge Ristoikytion gin &he isPUripes /et &Mﬁ’rhgf £ ¥he ving

et paac fi O HEs Geéceaeam alaias orptete i ag a7 of ! QQJ J“I ator
v | Y i i z0- i S
according to'the presenti 9‘!"1’:7%"1’1&@?1) W‘gu&’e) Rre %h‘? r‘ﬂ.h‘ﬁé‘ﬂﬁl Ture
char aci eristi ;: di cigarge crlisét:pimmai enirves oawtth?tasetacam(rjthmgspwimgs&;
present invention; e.6is are eristic diagramo

the third overton ségfilE}?ﬁ ihggigqﬁﬁrfi%gMn pi ezo-el ectric
oscillator having a ci rEiguxe. dZﬁa/) nks & eciew deimbkar FtLtgLﬁ‘JegWre sl(aa) but
[ equency- t%meragﬁg@i&&agﬁ{tﬁfﬁéé: %%ﬁpbnorna frequen &lﬂ?tﬁné

oscil | at or he case .o enonenon
r ef erred to abovecaﬁﬁeof:a&whﬂrtﬁﬂélmﬁ)r@ﬁm atipn the ‘nint '
overtone,.
‘Figures 2(b) and Z(c) are the surface electric
¥¥:. - charge distribution curves in the case of the spurious
15 - oscillation shown in Figure 2(a);
Figure 3 is a plan view showing a driving
'electrode,

Figure 4 is a resonance characteristic diagram of
the third overtone and of the ninth overtone in a piezo-
20 eleCtric oscillator according to the present invention;
Figure 5 is a frequency—temperature_
-characteristic diagram of a piezo- electric oscillator
i'according to the present invention, '
_ ~ Figure 6 is a resonance characteristic diagram of
25 - the third overtone of the ninth overtone in a known
fpiezo—electric oscillator having a circular driving
~ electrode; and _
| Figure 7 is a freguency-temperature characteristic
o ~diagramfof.the-known piezo-electric oscillator.
30 . In the case of the abncrmal frequency phenomenon
. referred to above, the cause of the phenomenon is quite.
different from that of the so-called "jump phenomenon
(i.e. the phenomenon in which the main cscillation of
‘the fundamental thickness-shear mode is pulled into the



different fromthat of the so-called “junp phenonenon” (i.e. the.phenonenon
in which the main oscillation of the fundanmental thickness-shear node is
pulled into the 4 spurious oscillati%n which is conparatively near it). -
On the contrary, the abnornal frequency phenonenon is closely related to

t he high frequen OSCI| |on whi.ch ocgcurs near 1 frequen of n. tJ nmes.

t he resonanc‘%’ fg tin t%l?%nb%n‘é?ﬁﬁ?rﬁggﬁ'é}%t?%ﬁr &%ere n\é\ an

odd nunber dn athe mt&rjﬁmlﬁno’mahef muend:xheiérequency

of 3 times t € e

oscillati on)&%@cﬁﬁﬁé%% *ﬁh{r%ilgééﬁsﬁ %géiﬁ%ﬁ ncy o 1/ n.10

times the hlg:cumcrmmyt@smneqummcnﬁcm detmes t the resoRamedice f r equency
of theg abov ,_c&ggé I ggpé curs

_ frequently |ek;1 C ér)gtlon W {ﬁm%m%undjérgéndt:a %%{‘9'?12‘?, on e%u%éteoﬁt he

rel ati onshi PHLHEBLE 05 FtntRAstht I (REPSFIALLY, ke 105ciIation i ous

oscillation rféaif Rend hE Félperedy GO, 3 OF indls tige C?é@oﬁné@efﬁé@é!fxcyf'vﬁt hird

OO O e S e RS 20 P o P P Sy YTl a0 on
char act eri stocxsurs mdﬁhnlpimwm caaaetvzhmcalfm@.nenmylo@ B/known
i roe, The"t iith SHRETALHE SHRRARED QdLLITal Db (eOUREIANE A \HET LTUEE
Mz, in the nesondnge dfraquency taf themdmum sf@merst:all ation of
gg(la) ,25andf %%\r}g%%o%gc?ﬁt I on_"o é]t Li;@fé%)%l?eér]n;ffe ggl?olgs‘li/:—él ﬁ]l ?Ee( "
form of anotdfEbination with the fundamental osci lation, due to the
relationship between_this-fundamental osclllation and |
15 the spurious oscillation of the'third overtone, or in
the case of the use of the third overtone, due to the
spurious oscillation of the ninth overtome, ‘and an
abnormal frequency phenomenon is generated '
Figure 6 shows the resonance characteristics of a
20 circular quartz oscillator- hav1ng a known circular
driving electrode when used in the third overtone.
Although three t;mes the ‘frequency of the third overtone
(F3) of 23.64495 MHz is 70 93485 MHz, in the vic1n1ty of
the latter: freguency there exists an oscillation of the
25 frequency of 70.92996 MHz. in the form of .a spurious
oscillation (F 9s1), and moreover an oscillation of the "
frequency of 70.94705 MHz in the form of another -
spurious oscillation (F 982). ~Therefore, when this
piezo-electric oscillator is used in-the third overtone
30 . (F3), there is generated in combination therewith a
spurious oscillation (F 9s81) of.theﬁninth'QVertone (F9),
due to the relationship-with the .ambient temperature.
This abnormal frequency phenomenon can be seen in the
pos;tlon which is enclrcled 1n the frequency-temperature



spurious oscillation (F 9S2). Therefore, when this piezo-electric
oscillator is used in the third overtone 30 (F3), there is generated in
conbi nati.on therewith a spurious OSCI||aU(NP(F 9S1) of the ninth overtone
(F9), due to the relationship mnth the ambi ent tenperature. This abnorma

frequenc henonqgggr is encircled in the
a y g gt fs arac %ﬁﬁ}? %gram;}e 7

frequen&x;tenperature own In Figure 7. .I'n

order to avoid such an Hbrﬁ)’?‘-i\%l# #¢mwmmmheﬁmqwmbove an’

anal ysi s was car rpmhmn&n 4L NOESF Moo DBV} | ) 16 QP drApead S
conbi nation with the hi %F%Eorder e(g)url ous_ oscillation by utilizing,the

mass | oadi ng ef f ¥t 0 ML kirn Srerfi0 A5 £ aARAR ectric
oscillator dccor diompirmatien mmeruhe r‘zvnjﬁeﬁrbmesm;mridud:lmmalﬁonl

and 2 in which tr el at ed dr trode 2. are forned on
the opposite mai n€£%¥ i’e%y'tﬁe @’% SF[ aaéﬂ% lﬂ?tez.l‘%%tc‘?qr&%tor
nmenber 1 which cofiislmiutes a piezo-electric elenent The quartz OSC|IIator
menber -1 is an AT cut r '1 tg 1&¥H #gy- Y85 | ong a
surface inclined at a gkkef?téaﬁél‘;%r%?rgé t%ﬁ?%gjl I'rection roml?he Z
axi s_which is theqFoFding cfm)rtimza@s@ents inventionl is@howniiny Bigmines
[err]. In tibe querdra rd afre Mc&%réﬁ%ﬁdﬁﬂlﬂéﬂgé’ée& 'Hﬁ\ﬂi'}ﬂj e, the

[eSPeCtive, aX1 Al A Uy TSl e S L i LSenl of ™
diameter D is foramshﬁstmmfiacmw tdinﬂtﬂtaar: Quaryy dscit]tlmtanglnﬁenﬁmﬁrl bed
above. _ ~~ which constitutes a piezo-electric element. The
~ quartz oscillator member 1 is an AT cut quartz
- 15 - -oscillator member which was cut along a surface inclined -
| - at a certain angle in the Y axial dlrection from the Z.
axis which is the primary coordinate axis, the said
angle belng about 35. 4°. In the quartz plate cut out
from the quartz at this angle, the respective axial
'20: directions are shown in Figures 1 and 2 are X, Y' and 2'.
A quartz ‘oscillator 1 which is to be given a circular
shape of the diameter D is formed from a quartz plate
cut out by the angle described above. _
' As shown in Frgure 3, the elongated driving
'__25' electrodes 2, wh;ch are formed on the oppositely
disposed main surfaces of the quartz oscillator,'extend
in the 2' axis direction; each driving electrode 2
having a width W in the X axis directioniand a length L
, in the 2' axis dlrectlon such that
30 - W< D/3, and
R 'osngnizn/s, .
where D is the diameter of the oscillator member 1. The
driving electrodes 2 are arranged centrally of the.said
main surfaces. Also, from this driving electrode 2, a



As shown in Figure 3, the elongated driving 25 -‘electrodes 2, which are
formed on the oppositely disposed main surfaces of the quartz OSC|IIator
extend in the Z' axis direction, each driving electrode 2 having a w dth W
in the X axis direction and a Iength L fn the Z axis direction such that

30 W< D/3;. and 0.5D [err] L[err] 2 D3, where D is the.

di anet er of he oscillataqr nher eIe trode are arg;nged_
central ly of Fﬁg ?gﬁﬁ ﬁﬁgﬁ ggrﬁﬁcggrmeglég FHP e&?l?%né & ectrode 2,
a 6 | ead ebeidfilatior2membetolned at the perlphery of the oscillator

menmber 1. The quar&heoﬁﬁartét8ﬁflll§togsidisnusga %H'tﬁeotﬁﬁrﬁne (F3), and-.

t he hi gher order -harnori c osci urious oscillation
thereof are g¥AEEaned(¥3dn end therblgherteﬁée@thrmomﬁe eerigdatioshown

with g chalnahaHEhénsﬁuﬂubas169bi§maﬁ§ohhehekastrhiecaahaea%aacaathatIng
region of the s not s in Figure

vertone (F ' 0
1(a), the eIEEFrF& ¥ °veEﬁ8Pé ?%g)congsﬁtﬁiigHan3tﬁ@oﬂénwﬁggnﬁart of the
sai d region. cRagnt bine thi pigaréal(4h endeCtnboumewtrthbaamgkel nes in

Figure 1(a) are.t rig har t|n f the spurious
oscillation gncgngrag § 5?3 ﬁ?n?ﬁ ?ﬁé?g Kg?ifeangy this
third overtoadthé@yh atdistnot Ehown 1haFigheeeléaﬁu|thehaigetrsc

tedg t hReZs '
shown | Lap.egu‘r‘éré?C}Eeeéﬁéégﬁ?éiﬁ?biﬁr”5&%@8?.“%?5 Bgit‘)afe??r. 2 o
different poFagien :

The three e’lipses 4a, 4b and 4c. shown with chain
lines in Figure 1(a) are the electric charge - o
N 'concentrating regions of the spurious oscillation (F
15 951) of the ninth overtone. (F9) generated by this third
overtone (F3), and it is known that the electric charge
is concentrated in the central part 4a on the x axis and
on the 2' axis as shown in Figure 1(c) and Figure 1(b)
'respectively An electric charge of different polarity
20 is. concentrated in the regions 4b and 4c, the latter
being: on.opposite sides,.W1th:respect to the 2" axis, of
the region 4a. As regards the spnrious oscillation (F
981), since the dr1v1ng electrodes 2 are proV1ded over
almost all the surfaces of the . charge concentrating
25 regions 4a, 4b and 4c, a mass loading effect is produced .
by the driving electrodes 2. . |
Further, the three- ellipses 5a, 5b and 5c shown
with chain 1ines in Figure 2(a) are the electric charge
concentrating regions of  another spurious oscillation (F
10 9s2) of the ninth overtone (F9) It is known that the
electric'charge is'concentrated:at the central part 5a-
on the X axis and on the z' axis as. shown in Figure 2(c)
and 2(b) respectively. Charges with different
polarities are concentrated in both the side parts Sb



20 is concentrated in the regions 4b and 4c, the latter being on
opposite sides, with respect to.theZ axis, of the region 4a. As regards
t he spurious oscillation (F 9S), since the dWlVlng el ectrodes 2 are
provided over alnost-all the surfaces of t.he charge concentrating 25
regions; 4a, 4b and 4c, a mass | oading effect is produced by the driving
el ect rqfs 2. Furatrhbric wisidihraae addgmeyxi on dpgposde Sddelsowf wilteh chai.n
lines 1" Figure C tyati egi
anot her spuri ous%(éa Cﬁ esf I on ‘%Ler%(frﬂ ct B%gqﬁlef q{](t;agﬁrﬁ nt r#%vet?ﬁso%('lﬁ—!d) It
i s known't hat th@s;ﬁddtartucortr(eﬂ @S82)s cﬁﬁmtﬁm &rmlnmelmﬁme%é’r 208 on
the X axis and O'Hi[%b“o ?‘f@ dlh%s WA 1 r}_.eFnggH &2 (P M

es W

respectivel Char fferent polarities, are conce rated in both

the side pabts SIFONCENtLALING AAGHPNE dayr AR AW AF 0P dS MLt the

region 5a wth rasdegiss qdalmn? @ffect IB? tr ﬁﬁﬁﬁﬂngoumddeﬁ ican (e
es 2 are disposed in the central region 5a

9S2), since the dr|V|n8 ﬁlectr _
of the charge 5 ar rating regions 4a, 4b and 4c, a reduction of the
mass | oadi ng ef fect by Ithéidnine ry tear raamke shown l:hdleamaﬁmg@mcel n F| gure 4

there are shown t r r :
oscillator 1 10 aﬁav?ﬁ%ﬁhﬁﬁ]w ncéhq atfagegj %éc(r?verséq' e on ted |n
the Z' axi al0di r d@&ving tthﬂe dﬂ&ﬂﬂ%t@em% Rediranversely &qugar .
overtone. The fr t?%‘%chﬁcalt *ﬁfé&ﬂi%xf)v%ﬂé)r&éﬂ%)aﬂo% Qﬁvﬁiﬁ@%é‘drk,us@w

t he frequency of ree tines thereof 1S 70. VHz. 15 he thi J\the
vicinity of thi s ¥ it g quardons meghe requency of the thir

o overtone (F3) is 23.64720 MHz, and the frequency of

three times thereof is 70.94160 MHz.
15 = . In the vicinlty of this frequency of three times
that of the third overtone,_there -are present the
spurious oscillation (F 9S1) of the above-described
nihth overtonei(FQ) at_the frequency of 70.92510 MHz,
and the spurious oscillation (F 952) at the frequency of
20 70. 97407 MHz, -but these are displaced to the negative side
o in comparlson with that of the spurious oscillation (F 9S1),
and to the_posxtive side in comparison with that of the
spu:ious escillation (F 982) so that the combination
'_with the third overtone (F3) can be'avoided Thus an _
25 abnormal frequency phenomenon as seen in Figure 7 is not .
s _ generated, as will be clear from the frequency |
' ' temperature characteristic diagram shown in Figure 5.
- The driving electrode 2 may be transversely
~ elongated in the 2' direction, or may have the shape of
30. an ellipse, elongated rectangle, etc.
_ - In the third overtone piezo-electric oscillator
described above, the frequency of the spurieus
oscillation-ef the ninth evertone becomes separated from.
the frequency of three times the third overtone of the



that of the third overtone, there are present the spurious oscillation (F
9S1) of the above-described ninth overtone (F9) at the frequency of

70. 92510 MHz, and the spurious oscilratbon (F 9S2) at the frequency of 20
70. 97407 MHz, but these are displaced to the negative side in conparison
with that of the spurious oscillation (F 9S1), and to the positive side.in
conpari son Whlint Bak120at28nSPUELANEGASAEL AL | bng8 bRaknkhe /.
conmbi nation wth thg}th?rd 3vengﬁeé?E§§_ggﬁ EggaégfgggknT%ugéaEhZS \J'-;- '
abnor mal ' f r eBEBATH2 phERBABRBAYaBheREMeNANFAGEFELPesahgVegEaBr Reed, as wil |
P gure 5. ThacdrLeiag chorrtade 2 moy be toanuapozesars 2ege, s ez
direction, O?h§§§¥ﬁg€e.ehaigﬁggé95¥?§5mangﬁ EEIEbgegxéFkﬁﬁgﬁéﬁgﬁéftangle, |
etc. |5 the mbdedoscilianioni ean- beeathievedqi khdt thedeatpubed above, the
frequency of i i kLafkop, e, ninth t on S

separ at ed frgﬁggﬁéﬁg?egﬁéﬁgégo#gté?ege?&hégsphégéﬁfg§8é0erﬁgggggggfhe 8.
mai n osci | | aBtBAe thasehapat f, thacdsivingeatectrodas isnsimplefraquency
phenonenon dgsesbbedeabeye saeimaﬁswasduﬁifémpaeaﬁégf 8anapyl de
tenperature ranﬁg %herefore a stable performancé of the thickness-shear 5
mode osci | | 2PFBRIGER BE AcHPEIRAPTLGR-t he output frequency thereof is of
very hi gh precision. Mreover, since the shape of the driving electrodes is
sinple, a piezo-electric oscillator of uniformaquality can be provided at a
cheap price. o o R

ot



9 CLAIMS 1. A third overtone plezo el ectric oscillator arranged to
be-oscillated in the thickness shear node cgnpr|5|ng a substantially
circul‘ar piezo-electric elenment having oppoSitely disp Ces
each of 5 which is provided with a driving electrode havin

the X.axis direction and a length L in-the Z' axis direc mg“m“m\mﬂ<

D 3, anﬂ?(_). 5D [err] L [err] 2 D3, 10 where Dis the. d
I

pi ezo-el €ctric el ement. 2. " An oscillator as clainmed in cIa|n11 in
whi ch each driving electrode is elongated in the Z' axis direction.

An oscillator as claimed in claim, mé 'n 15~ which the piezo- electrlc
el ement is an AT cut quartz oscill nber. 4. An oscill ator as

claimed in claim3 in which the AT cut quartz oscil | ator menber was cut -

along & surface gnolined atapotyalseétebfle! Boedosdiabeditoahbatizor from

the Z' axis. 5. ' An oS as c aimin

which each dr|V|?EF%EQ%@f@%éb¢s°%@%¥lﬂ@%dm}¥htaelEhﬂcgnéégfgaﬁaﬁthQB

periphery of thec@uﬁsipsmgecars@bﬂam@mnﬁ%iréular piezo%lébfﬂieVertone
pi ezo-el ectric osg '

b ]
reference to and® %’“%rha’b%ha‘?ﬁnﬁam‘lé%ﬁgky ‘Flgﬁr’lélsg g%%ﬁn??ﬁgaﬂ?ﬁv\?ﬁﬁé of

5. which is. prov1ded with a driving electrode having a
" ‘width W in the X axis direction and a length L in the 2'
axis direction such that
_ _ W < D/3, and"
W | 1 0.5D < L ¢ 2 D/3,
10 where D is the diameter of the piezo-electric element.
2, ' An oscillator as claimed in claim 1 in which
each driving electrode is elongated in the Z' axis
direction. . - I
3. - An OSC111ator as'claimed in claim 1 or 2 in
15 which the piezo- electric element is an AT cut quartz-
oscillator member. '
4. .~ An oscillator as claimed in claim 3 in which
the AT cut quartz oscillator member was cut along a
- surface inclined at about 35 4 in the Y' axial direction
20 from the Z' axis.
_ 5. - An osc111ator as claimed. in any preceding
S claim in which each driving electrode is provided with a
 lead electrode at the periphery of the piezo-electric
. element. .
25 6. A third overtone piezo-electric oscillator
'substantially as hereinbefore described with reference
“to and as shown in Figures 1-3 of the accompanying
_ draWings '




