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Field of Art

5 This invention relates to a piezoelectric resonator,
and more'pa;ticularly a piezoeléctric resonétor for
overtone oscillation capéble of oécillating at a desired
overtone freﬁuency without requiring é.specidl oscillating
circuit. | | |

10

e,

- Background Art

In recent yéars, demand for higher frequency opera-
tion and miniaturization has become further increased in
.electric chmunicatioh apparatus and various electronic

15 apparatus. To satisfy such demand, in addition to the

utilization of overtone vibrations of conventional
piezoelectric :esonator such as a quartz vibrator, an
elastic surface wave (SAW) resonator is néw being used in
many fields of application.

o 20 The pigzoelecttié resonatoﬁ is designed such thaf a
desired output is éxtracted through an LC resonance
circuit that resonates to a desired overtone frequency or
that a LC resonance circuit is inserted into a portion of
an oscillation ciréui£ to make the negative resistance of

25 the oscillation circuit sufficiently large at a desired
overtone frequency region. In any case, however, it is

necessary to use a coil which is extremely inconvenient

-
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tion and m niaturization has becone further inpreased in electric
commthi-catyi on apparatus and various el ectronic apparatus. To satisfy such
demand, in addition to the utilization of overtone vibrations of _
conventional piezoelectric resonator such as a quartz vibrator, an elastic
surface wave (SAW resonator is now being used in many fields of
application. The ez ddlec ctgdid Iradsimmtair dwsi tletlsd drediscahpohated idptor ad
output is extracted through an LC resonance circuit that. resonates to a
desired overtone fndggaadedorcircuit. :

. On ‘the other hand, as is weli known in the art, the
oscillation frequency of a SAW resonator is principally
5 determined by the material constituting a piezoelectric

substrate, and the'pitch of interdegital transaucer (IDT)

electrodes formed on thé surface of the piezoelectric

substfate so that not only the resqnator itself can be

miniaturized but_also above described circuit problems can
'; } 10 be obviated. Howevér, this type of reéonatof is defective“

in that its frequency-temperature characteristic is much

inferior than that of an AT cut crystal'resonator.

DISCLOSURE OF THE INVENTION

15 . This invention was hade in view of thg defects of the
prior art high frequency resonator and has an object of
providing a piezoelectric resonator for an overtone
oscillation utilizing a vibration of a higher order
symmetrical or asymmetrical mode, which enables oscilla-

20 tion of a‘desired overfone frequency with substantially
‘the same form as the conventional piezoelectric resonator
so that it is not necessary to substantially change the
manufacturing steps and to add an LC resonance circuit to
the oscillation circuit.

25 To accomplish the object described above, the over-
tone oscillation resonator of this invention is constfuét-

ed as follows:'
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that a LC resonance circuit is inserted iitd = portion of an oscillation
circuit tb nake the negative resistance of the oscillation circuit
sufficiently large at a desired overtone frequency region. In any case,
however, it is necessary to use a coil which is extrenely inconvenient for
"the=oscillation circuit to be incorporated into an integrated circuit. On
“the other hand, . as isMexe pardicularhe, ofer the parpesatPénutiddadngy the a

SAW resonator is %rincipaLIy determ ned by the materi al constituting a '
pi ezoel ectric characteristic in a vibration energy entrapping mode of a.

higher over symmetric or asymmetric'mode vibration which.
is oenerated at'the time of exc}ting a piezoelectric
5 resonator, according to the overtone oeciilation resonator
embodying the invention, a portion having a cutoff fre-
qnency fé is formeq around an energy entrapping_portion
having a cutoff frequency f1 (f1 < le on a piezoelectric
substrate so es to strongly excite a higher order symme-
:3 : 10 tric or asymmetric mode vibration, thereby substantially
entrapping the vibration energy of an overtone vibration
of the order nigher than the n-th overtone among the
vibrations of the higher order symmetric or asymmetric_
mode vibration near the energy entrapping portion, and the
_ iS ~ size of the energy entrapping portion (electrode), an
amount of plate back (f2 - f1)/f2 and the substrate
thickness are selected such that the vibration energy of
an overtone vibration of less than n-2 order.including the

fundamentdl frequency is caused to be dispersed over the

e '

20 entire surface of the_substrate.
Further, a vibration energy absorbing portion whose
‘cutoff frequency is lower than fz is applied to a suitable
' ~ portion near the outer periphery of the piezoelectric
substrate so as to efficiently dissipate.of the vibration
25 energy of an overtone energy of an order lower than |
{n-2) th overtone vibration including the fundamental wave

vibration spreading over the entire surface of the

T
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-'2- substrat e,

and the pitch of interdegitalg transducer (1DT) el ectrodes

forfed oh the surface of the piezoelectric substrate so that not only the
resonator itself can be miniaturized but al so-above described circuit

probl ens can be obviated. However, this type of resonator is defective in
that its frequency-tenperature characterlstlc S nuch

15

20

25

substrate.

A resistor having a suitable resistance value may be
connected across electrodes attached to both sides of the
piezoelectric substrate near tgeiouter periphery thereof

so as to facilitate dissipation of the vibration energy

.spread over the'entire surface of the substrate.

The overtone oscillatien resonator according to this
invention can be also utilized as a resonator for a GHz
band by utilizing a composite material.

More particularly, the overtone oscilietion resonator

‘0of this invention is constructed such that a recess or

opening is formed at a proper portion of a block made of

silicon, quartz, glass, metai, etc., the recess or opening
is covered by a thin layer having a desired thickness and
made of £he same material as the block, and a piezoelec-
triC'portion made of ZnO, etc. and provided with appro-
priate electrodes is applied onto the thin layer. The
electrode portion (actﬁally, contact portion to the
piezeelectrie portion) is used as the vibration energy

entrapping portion having a cutoff frequency f the

17
interface between the periphery of the electrode portion
and the recess or 6pening of the block is utilized as a
vibration energy propagating portion havihg a cutoff
frequency £f,, and the block is ueilized as a vibration
enerqgy absorbing portion having a cutoff frequency.f3.

The relation among the cutoff frequencies of the various

portions are made to be f3 <f1 <f2, and various parameters
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inferior than that of an AT cut crystal resgnator. "Factory workers
marnuf acturing crystal vibrators have noticed a phenomenon that a crystal
vibrators after oscillates in 3rd or 5th order overtones when the ratio
between the Iength and the width of a crystal substrate, and the ratio of
the side length with the respect to the thickness of the substrate fall
within a specifieshclange etectsafle efzei namount;efi plade backc@is-alare
_substrate required for a small vibrator. To suppress such phenomenon has
‘been subj ect to bemitakbledselechedsipaprenprdpaseosddh dmmasgseiGige of
utilizing this phenonmenon -
: entrapping of the vibration energy in the vibration mode
being utilized. -
5 Furthermore, the invention provides an overtone
‘oscillation resonator not depending upon the characteris-
tic of the oscillation circuit.
'To prbvide such resonator, in the resoﬁatox of this
invention,_tﬁe cutoff frequency of the absorbing energy
f:} - 10 absorption portion near the periphery of'the piezoelectric
substrate is made to be smaller, preferably much smaller
than that of the vibration energy entrapping portion
attached with exciting electrodes.
Furthermore, the invention provides an overtone
15 oscillation resonator capable of compensating for the
degradation of the resonator characteristic caused by the
shift of the position of an additional vapor deposition
necessary for a fine adjustment of the oscillation fre-
quency, greatly decreasinq the influence upon the
20 resonator characteristics caused by the difference in the
thickness of the piezoelectric substréte, and greatly
increasing the upper limit of the resonance frequendy.
For this reason, in the resonator of this invention,
: the,electrode area on the rear surface is made td be

25 larger than the érea corresponding to the electrode on the

front surface.

o
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so as to produce crystal vibrators for overgone oscillation. sienens

Pat ént, However, is unable to serve as a practical use because it has
several problens as follows: Considering a disc shaped substrate which is
~nost typical shape for vibrator substrate, the dianmeter of the substrate is
- extfenely small, nerely 20-30 tines of the substrate thickness, and the

di ameter of the el ectrodes BRIBPODESSRIDDYONf OFhTHEODRAWINGSbStrate. Since
the distortion of the support around the periphery of the substrate affects
the oscillating portioimn therecaompenpmnblénawuhgs.the

frequency-tenperature
Fig.la is a dlagrammatlc sectional view of a piezo-

electric substrate useful to explain the concept of
5 this invention;
Fig.lb shows vibration spectra in the symmetric and
ésymmet:ic modes;
Fig.2a is a model of a substrate for proving the fact
that the vibréfion spectra hold even oﬁ a substrate of a

e 10 limited area;
| Fig.2b are graphs showing the result of theoretical
analysis;

Fig.3a is a sectional view shéwing the basic con-
struction of one embodiment of the resonator according to

15 this invention; .

Fig.Sb is a graph showing the method of setting
parémeters;

Fig.3c is a graph showing vibration energy dis-
tributions;

20 Fig.4a and 4b are sectional views and graphs showing
the result of experiment for determining ﬁhe size of a gap
at the vibration enérgy propagating portion; |

Fig.5 is a graph for explaining the relationship
among the impedance and the negative resistance of the

25 _oscillation circuit at respective oveftone frequencies of
the resonator;-

Fig.6a is plan view showing one embodiment of the
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characteristic beconmes unstable, resonant.ffequency varies before and after

the*therﬂn-cycle,

and the resonant frequency greatly changes with its

agi ng. " -3- DI SCLOSURE OF THE | NVENTI ON Thi s invention was nmade in view
. of the defects of the prior art high frequency resonator and has an obj ect

of =

15

20

25

resonator according to this invention;
Fig.6b is a side view of the reéonator shown in
Fig.6a;

Figs. 6c - 6e are plan views showing resonators

‘having different plan configurations;

Figs. 7a through 7f ére.sectional views showing
different sectional configuraﬁions of ghe resonator
embodying tﬁe invention;

_Fig.sa is a sectiohal view showing the basic con-
struction of another embodiment of the overtone oscil-
lation resonator according to this invention; |

Fig.8b shows é vibration energy distribution in
various vibration ﬁodes generated by the resonator shown
in Fig.8a; | |

Fig.8c is a graph for explaining the bésic method of
selecting various parameteré of the resonator;

Fig.9 is a graph for explaining anothér method of
setting parametefs necessary for constituting an overtone
oscillation resonator embodying'the invention.

Fig.1l0a shows a charge distribution generated by a
resonator ﬁtilizing.an asymmetric mode oscillation of the
lowest order;

Fig.10b shows a series connection of the electrodes;

Fig.10c shows a parallel connection of_the'elec-
trodes;

Fig.lla and 1l1lb shows examples.of the series con-

nection and parallel connection of the electrodes of a
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prqvid!ng a piezoelectric resonator for angovertone oscillation utilizing a
vi bration of a higher order symretrical or asymmetrical nobde, which enabl es
oscilla- tion of a desired overtone frequency with substantially the sane
formas the conventional piezoelectric resonator so that it is not
necessary to substantially change the manufacturing steps and to add an LC
gesonance CIFCUIEeganhheroaeﬁﬂﬁ&&wQ1aﬂanﬂdde'Bsaﬁiinnﬂdmh.thg object
escri bed above, the over- tone oscillation resonator of this invention is
construct - Fig.12a and 12b are perspective views showing series
connection and a parallel connection of the electrdde
divided into'two sections;

5 : Fig.1l2c and 12d are perspective views showing a.
series connection and a parallel connection of the elec-
trode lelded into three sections; |

Fig. 13a through fig.13c are sectional Qlews show1ng
different qonstructlons of the vibration energy absorbing
J 10 portion;
| Fig.l4a and 14b are plan vieﬁs showing the const- .
ructions of the resonators utilized for the_confirmation
experiments of this invention in which Fig.l4a shows a
resonator not provided with a vibration energy absorbing

15 portion, and Fig.l1l4b shows a resonator provided with a
vibration energy absorbing portioh;

Figs.l15a and 15b are graphs showing the results of
experiments showing the characteristics of the resonatérs
respectively shown in Fig.l4a and fig.l4b;

20 : Fig;lﬁa through 164 are sectional views showing'
different constructions of the resonators embodying the
invention;

Fig.17 is a seétiohal view showing the basic con-
'struction of the other embodiment of the overtone oscil-

25 lation piezoelectric resonator according to this inven-
tion;

Fig.18 is a plan view showing the basic principle of
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ed as follows: Mre particularly, for theguwpose of utilizing the
characteristic in a vibration energy entrappi ng node of a. higher over
symetric or asymretric node vibration which is generated at the tine of
exciting a piezoelectric resonator, according to the overtone oscillation
resenat or enbodying the invention, a portion having a cutoff fre- quency
[err] is formed arpes8natoendhgwhdich ahere @ td Plurwligy cofubeéftone

frequency [err] ([err] < [err]) on a piezoelectric substrate so as to
strongly excite aihrghéonendehesyﬁhmation energies thereof are to be
absorbed-
Fig.19a is ajplan view sthing anothef embodiment of
5 this invention; |
FiQQlQb is a sectional view taken along a lipe A-A in
Fig.l9a; |
Fig.20 is a plan view showing still another embodi-
ment of'this invention;

f;) _10 Fig.2la ie e sectional view showing the other embodi-
ment of the overtone oscillation piezoelectric resonator
according to this invention;

Fig.21b is a pian view of the embodiment shown in
Fig.2la; |

15 ‘Pig.22 and 23 are sectional views showing the other
embodiments of this invention;

.Fig.24 is a graph showing the relationship between
the resonator'impedanee and the characteristic of the
oscillation circuit of overtone frequenciee of respective

20 orders of the resonator embodying-the invention;
| Fig.25 is a plan view of a resonator utilized for
.the~expe£iment made for ihvestigeting the film thickness
ratio of the vibration energy absorbing portion;

Fig.26 is a graph showing the result of experiment

25 for investigating a CI value regarding an overtone oscil-
lation of an order at which oscillation is desired for a

film thickness ratio of the vibration energy absorbing
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tri.c or asymmetric node vibration, therepy1§upstantially entrapping the

vi bration* energy of an overtone vibration of the order higher than the n-th
overtone anong the vibrations of the higher order symetric or asymetric
node vi bration near the energy entrapping portion, and the size of the
“energy entrapping portion (electrode), an -4-

portion and the CI value of the overtone vibration of a
lower order.to be suppressed; |
Fig.27a throﬁgh 27c are sectional views showing
different constructions of thé.yibration energy absorbing
5 portion;
Figs.28a and 28b show different electrode construc-
tioné according to this inventions;
Fig.29a-and 29b are sectional views for explaining
the fact that the characteristic'dées not vary even when
_3 o 10 the frequency is adjusted where ﬁhe size of the piezo-
electric substrate of the resonator of this invention
varies; | a
Fig.30a and 30b are front and rear views of an.
overtone oscillation piezoelectric oscillator of one
15 embodiment of this invention;
Fig.3la and 31b are plan views showing different electrode
constructions utilized in the embodiment shown in Figs.30a
and 30b; and |
Fig.3Za.through 32clare sectional views respectively
20 showing a tﬁo port oscillator or a dual mode filter, an
overtone oscillator utilizing an aéymmetric (ao) mode
oscillation at the lowest'ordér; and an overtone oscil-
lator utilizing a symmetric (Si) mode.oscillation of the
highest order. |
25

PREFERRED EMBODIMENTS OF THE INVENTION

In the following, the theory of this invention and

—/____// .
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anount of plate back ([err] - [err])/[eLriland the substrate thickness are
sel ect ed 'such that the vibration energy of an overtone vibration of |ess
~than n-2 order including the fundanental frequency is caused to be
~dispersed over the entire surface of the substrate. Further, a vibration
"~ energy absorbing portion whose cutoff frequency is lower than [err] is
applied to a suitheblempodimentscahovheinuthe fAeawphgsywdfllt be desoadbesisic
substrate so as to efficiently dissipate of the vibration energy of an’
overtone energy of arPuickertdobbe dbdanription of the preferred embodi-
ments, the theory of this invention will firstly be
described to have better understanding of the invention.
5 The facts on which the inventive concept is based are
as follows.

(1) The theory of entrapping energy by Schockley and
other scientists is a pure elastic analysis in which among
various waves, a SH wave is analyzed. As the vibration

§ 10 medium, metal, guartz lithium tantalate, lithium neobate,
or a dense material such as piezoelectric ceramic is
employed. Even when the vibration energy'propagation_
direction and the order of the overtone are different for
all vibration modes including a thickness slip, a

15 thickness twist, and thickness longitudinal, etc., it has
been known that this theory is applicable for the_dualita-
tive performance.
(2) According to the énérgy entrapping theory of
Schockley, where a portion having a cutoff frequency f2

20 presents around a portion having a cutoff frequency £, as

1
shown in Fig.la, the vibration energy will be entrapped in
a=§ortion (a portion of fl) having a low cutoff frequéncy.
and the extent of entrapping will be shown by Fig. 1b.

In Fig.lb, the ordinate shows normaliéed‘resonance

25 frequency expressed by én equation ¥ = (f -~ fi)/(lef fl),
and wherein ¥ = 1 means fl_= fz.which is not influepced by
a portion having a cutoff frequency f1 as shown in Fig.la.

-
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(n-2)th overtone vibration including the figndanental wave vibration
spreadi ng' over the entire surface of the substrate. A resistor having a
sui tabl e resi stance val ue may be connected across el ectrodes attached to
both sides of the piezoelectric substrate near the outer periphery thereof
so as to facilitate dissipation of the vibration energy spread over the
centire surface oIntbthepbabrdss. this mearisodswnid |af | the rEsohEdf in
accordlng to this invention can be also utilized as a resonator for a GHz

15

20

25

which case the oscillation energy spreads over the entire
surface of the substrate and no entrapping occurs.

On the other hand, a.caée wherein ¥ = 0 means
contréry to the above description that all Qibratian
energy is entrﬁpped in a portion having a cutoff frequency
fl‘ A pafameter na/A/H along the abscissa designates'an
entrapping céefficient which iS'determined_by the order of
the overtone'ﬁ, the size a and thickness H of a portion

having a cutoff frequency f1 and the amount of frequency

decrease A. }

Considering Fig.lb, it can be noted that where the

entrapping coefficient na/A/H is less than a given value,

.~ no entrapping mode presents in the vibration of the

symmetric modes (S,, S, --- ) of higher orders and the

vibrations of the asymmetric modes (al, a, === ). This

_characterlstlc does not present in the symmetric mode (S )

of the lowest order.

(3) In the entrapping coefficient_described above,
where a, YA and H are suitable fixed'value,_the degree of
energy entrapping becomes large as the overtone order _
number n increases. Hdwever, as the entrapping coeffi-
cient becomes large, ﬁhe degree of energy entrapping
reaches a large valué not to Se substantially influenced
by the.order of the overtone. |

(4) Where the order n of the overtone and the

piezoelectric substrate frequency, that is H are given,
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band by utilizing a conposite material._.Mjme_particularly, the overtone
osctllatkon resonator of this invention is constructed such that a recess
or opening is formed at a proper portion of a block nmade of silicon,
gquartz, glass, netal, etc., the recess or opening is covered by a thin

| ayer having a desired thickness and made of the sane material as the

bl ock, and a pi egnel araketerPehhitorardds ahd @ntrapmiing assk PfDoietet! with
appro- priate electrodes is applied onto the thin layer. The
3 corresponds to the size of a portion (generally, electrode
contacts) having a cutoff frequency f1 and the amount of
frequency decrease A caused by .an addition of a certain
5 mass.
However, where such materials having high bonding
'properties as quartz is used as the oscillation medium,
the effect of frequency decrease caused by the piezo-
electric natdre_of the material becomes remarkable so that
R 10 where it is impossible to sufficiently vary 4, variation |
of a is effectlve.

(5) Regarding the v1bratlon whose energy is entrap-
ped, as the order of_overtOne increase, the equivalent
resistance becomes large.

15 | As can be clearly noted from Fig. 1b, the vibration
energy is not perfectly entrapped in a portion having a
small cutoff frequency but'more or less leaks to the
peripheral portions having high cutoff frequencies, but if
‘a portion which absorbs the leakage energy and converts

20 ° the same into heat presents extremely close to a portion
having a small cutoff frequency, the equivalent re51stance.
for the vibration becomes large.

.Ip this regard, in a conventional quartz oscillator,
sufficiently thick electrodes are attached to the center

- 25 of the quartz substrate so_es to increase the difference
jin the cutoff frequency so as to entrap in the electrode

portion the vibration energy of the overtones of all

—_—
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elecirode portion (actually, contact pontugp.lo t he piezoelectric portion)
is used as the vibration energy entrapping portion having a cutoff
frequency [err], the interface between the periphery of the el ectrode
portion and the recess or opening of the block is utilized as a vibration
energy propagating portion having a cutoff frequency [err], and the bl ock
is utilized as aordbratloAcenedgygawsommeuynhratxnnramuthpziumdaméntal
frequency [err].

frequency at which the CI value becomes minimum is the

easiest to occur. As above described, if one wants to

cause the crystal resonator to vibrate in an overtone

5 mode,'some modificatioh is necessary for the oscillation

éircuit.

(6) The characteriétic of a higher order symmetric
or asymmetrié mode shown in Eig.lb is the result of
theoretical analysis reéarding an infinite area piezo-

ixj 10 electric substraté. However, when this characteristic can
be preserved substantiaily, even in a sﬁbstraté of a
limited area, since the vibration energy spreads over the
‘entire surface of the substréte, the energy will leak from
a holding psrtion for the substrate edges or dissiéate in
15 the holdiné portion. .Accordingly, the equivalent resis-
tance for the vibration will become extremely high.

Based on the facts described above, let us consider
that the characteristié of the vibration of the higher

;f) order symmetric or asymmetric mode on the infinite are a
| 20 substrate described in items (2) and (3) can be retained
in what degree on the 1imited area. -

Fig.2a is a diagraﬁmatic sectional view shéwing an
energy entrapping.type resonator having an infinite length
in the x direction, a limited width 2b in the z direction

25 and electrodes applled to the lateral center of the

substrate and having a width of 2a.

Among the wave motions, it is necessary to consider
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The rel ation anong the cutoff frequencies X8 4he various portions are nade
to be [efr] < [err] , and various parameters such as el ectrode size, anount
of plate back etc. are suitably selected in accordance with the percentage
of entrapping of the vibration energy in the vibration node being utilized.
Furthernore, the invention provides an overtone oscillation resonator not
dependi ng upon t balyhar &7 evdwe hawing 4?ﬂ&%&kﬁ¢¢%§?§npérﬁéﬁﬁi teotheo¥i de

such resonator, in the resonator of this
. axis, and the displacement U can be expressed by an

equatlon
U = H-cos.(nny/H)-exp (7 wt) - - = = (1)
5
according to Onoue end Jumonji's paper entitled "Analysis'
of an energy entrapping type piezoelectric resonator"
(1965, September, Journal of the Institute of Electronics
and Communication Engineers of Japan, Vol. 48, No. 9)

::)‘ 10 where U = £(z) which can be rewritten as follows by using
k and k' defined such that the propagation constant B will
always be a real number at_respective regions (I) |

'(II) and (III) of the substrate shown in Fig.2a.
-1 Ch ' - Sh 1 -
15 UI = Bsh k'z Cch k'z
(-b £ 2 £ -a) - - = (2)
cos L
UII = Agin kz (-a £ z £ a) ) - = = (3)
_ _ ch - sh '
20 :
(a < z < b) - - - = (4)

where A, B and C are constants.
Let us assume that fl represents a natural resonance
frequency of a thickness siip oscillation where it is
25 assumed that the eiectfode portion (II) has an infinite
width, and that f2 represents the natural resonance

frequency when it is assumed that portions (I) and (III)
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invention, the cutoff frequency of the ab¥érking energy absorption portion
neaf the!periphery of the piezoelectric substrate is nade to be snaller,
preferably much smaller than that of the vibration energy entrapping
portion attached with exciting electrodes. Furthernore, the i nvention

d
feor adati on of FiIfE RADFLATH EHEp ELerFEONESc0aT8n By TS SoRATa ¢ hpd -
position of aniﬁ%?é%(ngﬁon &8s aggglﬁlgﬂdnﬁce8§aE£sE% tiﬁQ.@%d¥Hd§H1Y¥“

of the oscillati
' and I and III are expressed as follows

k =nm /(£/£)° -1 /H © - = = (5)

k'= nn VI-(E/E,) % /B | | - - - (6)

The upper portlon of the double notatlon of equations
(2) (3) and (4) gives symmetrlc v1brat10n in which a
) 10 displacement U becomes an even function with respect to
the original, whereas the lower portion gives an asymmet-
ric oscillation that becomes an odd function.
In éouations (1) through (6) described above, the
following equation of frequency can be derived out from
15 the boundary condition that the displacement and stress
are continuous when z = t a, and that the end surface is

free when z = ¢ b.

tan h k' (b - a) = k/k'__o3 ka - - (7
i
20 Let us determine an equation of approximation of

equation'(7) when £, is slightly lower than f,.

- Let us denote the observable frequency, that is the
resonance frequency by f where the substrate thickness is
varied in region (II) shown.in Fig.2a or where electrodes

25 are attached. . |
| Then two normalizing frequencies § and A that satisfy
_tho following eguation are introduced.

—
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quency,_gfeatly decreasing the influence- uppn-the resonator characteristics
caused by the difference in the t hi ckness of the piezoelectric

substrat e, and greatly increasing the upper limt of the resonance
frequency. For this reason, in.the resonator of this invention, the

el e¢ctrode area on the rear surface is nmade to be | arger than the area
corresponding to the & ectldde ch it Hy - - - (8)

£y =_(; +4) £, o - = =19

From equatipns (5) and (8), we.gbtain'
(ki) 2 = (am) 225 | | - - - (10)
From equatiops'(G) and (9), we obtain
(k'H)2=,(n1r)2-2(A:' -5) | - - - (11)

.:J 10 From equations (10) and (11), we obtain

K'H/KHE = /TE =3 T73 - - - (12)

By denoting = &/A as ¢, then ~ = = (13)

k'/k = /T =9I - - - (14
15 . o

Further, from equations (10) and (13), we obtain

ka = nm ar¥2d /H = nm a#éWA /H - = = (15)

“#j. Further,'from equations (11) and (13)} we obtain

20

k'a = n7w a/2‘A(1 - ¥) /H : - - = (16)

Substitution of equations (14) (15) and (16) into

equation (7) gives an equation

tan h nt a vZE (T =T x (b/a - 1)/H
25 - T |

- qi—:—ETTE_tan iEK'?ﬁ o - -

cot DT 2 (17)

—_—
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front surface BRI EF DESCRI PTI ON OF THE-DRAW-NGS | n t he acconpanyi ng
dramﬁngs Fig.la is a diagranmatic sectional view of a piezo- electric
substrate useful to explain the concept of this invention; Fig.1lb shows
vibration spectra in the symmetric and asymetric nodes; Fig.2a is a nodel

of -a_substrate for PERYLIGoLIesLACkHONE &l° dINAAh SIS hgven
.normalized resonance frequency VY utilizing b/a as a
-parameter and the resonator dimension na YA/H, and corre-
spends to a generai eéuation'resulting in a vibration

"5 enefgy entrapping state on a limited area substrate. |

The frequency spectra of the higher orxder symmetric
and asymmetric mode vibrations where b/a = 4 are calcu-
lated by using equation (17) and the calculated spectra
are compared with those of a indefinite area substrate and

) 10 the result of comparison is shown in-Fig. 2b.

As can be clearly noted from-Fig.Zb, the degree of
energy entrapping of the lewest order symmetrie mode
vibration varies greatly depending upon the dimension- of
_the substrate, whereas the degree of entrapping higher

15 order symmetric and asymmetric mode vibrations can be
deemed_substantially equal for the infinite area substrate
and the limited area.substrate. |

More particularly, the above-mentioned preconditions
(2) and (3) can be applied to the limited area substrate

20 as they are. When eompaned'with the characteristic of the
lowest order symmetric (Sg) mede, the inclinations of the
other modes are steep and this tendency becomes remarkable
as the node becomes higher order. This characteristic too
is retained in the 11m1ted area substrate.

25 Based on the above-mentioned facts (1) through (5)
constituting the premise of the concept of this invention,

it can be readily understood that the following idea can
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limted ar ea, Fig.2b are graphs show ng #h&9result of theoretical analysis;
Fig.3a is a sectional view showi ng the basic con- struction of one

enbodi ment of the resonator according to this invention; Fig.3b is a graph
showi ng the nethod of setting paraneters; Fig.3c is a graph show ng

vi bration energy dis- tributions;

-5
) 10
15

D
20
.. 25

be reached by addlng together these facts.
Fig.3a through Fig.3c are sectional views showing the

fundamental construction of the resonator according to

‘this invention and graphs for explaining the principle of

this invention.

As shown in Fig 3a, electrodes 2 and 2' each having a

,dlameter 2a are attached to both surfaces of the central

portion of a plezoelectrlc substrate 1 hav1ng a thickness
H for decree51ng ‘the cutoff frequency of the central
portion to fllthereby providing a difference'(fz - fl) in
the cutoff frequencies between.the central portion and the
surrounding portion having a cutoff frequency f2. The
portlons at which the electrodes 2 and 2' are attached are
used as the vibration energy entrapping portions and the

portions 3 and 3' not attached with electrodes are used as

" the vibration energy propagating portion of unwanted

vibration. On the periphery of the portions 3 and 3' are
formed vibration energy absorbinc electrodes 4 and 4°'
having a cutoff frequency f3(where f3 < fz).

When this resonatof is used as an overtone vibration
resonator of the fifth order, for example, the foregoihg
principle teaches that the percentage of the vibration
energy entrapping_the'overtone vibration of the fundamen-
tal wave (first order) and of the third order.should be
small and that the entrapping percentage of the overtone
vibration of the fifth and higher order.should be large.

of

For this reason, as shown in Fig.3b, the percentage T5

______‘____ﬁ__‘~‘__h
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Fig.4a and 4b are sectional views and grapyy showi ng the result of
expeYinment for determining the size of a gap at the vibration energy
propagati ng portion; ~-7- Fig.5 is a graph for explaining the
rel ati onship anong the inpedance and the negative resistance of the
oscrllation circuit at respective overtone frequencies of

entrapping the vibration energy of the fifth order over-

. tone vibration is set to about 80%, for example. As can
be noted from Fig.3b, the entrapping coefficient na/K/ﬁ at
T, = 80% is about 0.53. 1In the. equation navh/H =

5 | na Y(£,- £,)/£, /H, as n, H and f, are given conditions,

it is easy to calculate what value f, should be selected

to. When fl is determined, since the difference in the
cutoff frequéncies (f2 - fl) is a guantity directly
related to so-called plate back, and since the amount of

;1) 10 electrdde attached satisfying this quantity is already
known, the resonator as shown in Fig.3a can readily be
manufactured. . | | |

When such material of high bonding property as
lithium niobéte, lithium tantalate or a piezoelectric

15 ceramic is used as the piezoelectricféubstrate, as an
extremely small amount of the e;ectrode attached resﬁlts
in an extremely large frequéncy decrease,'it is advanta-
geous to vary the electrode size on the assum?tion that
the amount of frequency decrease has already given.

20 _ " The cutoff frequency f3_of the vibration energy
absorbing portiohs 4 and.4' may be the same as fl' but if
désired the frequency f3 is increaséd or.decreased thereby
increasing, as far as possible, the consumption of the
vibration enérgy in the portions:4 and 4',

25 In the resonator manufactured . as above described, the
vibrétion energies of the fifth, .seventh .+. Overtone
oscillationslare éntrapped in the electrode portions as

___'_——-———-—-'—’/ |

|

eet Has Been Re.‘laced . )

T



the resonator; Fi-g.6a is plan view show ngagne, enbodi ment of the resonator
accordlng to thIS I nvention; Fig.6b is a side view of the resonator shown.
in Firg.6a; Figs. 6¢c - 6e are plan views show ng resonators having different
pl an configurations; Figs. 7a through 7f are sectional views show ng
diffeerent sectional configurations of the resonator enbodying the
invention, shown in Fig. 3c, the vibration energies of the overtone

vibrations of the fundamental wave (first order) and the
third order will not be entrépped in any appreciable
amount, and these energies are?leaked to the outer peri-l
5 phery of the piézoelectric substrate thereby causing the
'piezoelectric substrate 1 to vibrate in the vibration
energy absorbing portions 4 and 4'. Thus the energy is
converted int§ heat in these portions and dissipated, - the
impedance of the lower order overtone vibrations including
. 10 the fundamental vibration as viewed from the side of the
oscillation circuit becomes higher than that of the higher
order ovértohe vibration in which the energy is entrapped.
This phenomenon can readily be understood if one imagines
- the energy distribution of the free electrode mountin§
15 .éortions of the so-called multimode piezoelectric mbnoli—
thic filter in which a plurality of closely adjacent ffee
.electrodes are disposed between electrodes.
On the other hand, the overtone vibrations of the
) ' , fifth order, seventh order ;.. overtone vibrations whose
) 20 vibration energies are entrapped in the electrode portions
as above described, since the vibration impedance of the
fifth order is the mihimum, this resonator.is one in which
fhe fifth order overtone vibration is the most easy to
excite.
25 - When the lengths of the vibration energy propagating
portions 3 and 3' between the vibration energy entrapping

portions 2 and 2' and the vibration energy abso:bing

This Sheet Has Been Re'ilac.

(I




Fig.8a is a sectional V|em15homnng the basihg con- struction of another
enbddi nerdt of the overtone oscil- lation resonator according to this

i nvention; Fig.8b shows a vibration energy distribution in various
vibration nodes generated by the resonator shown in Fig.8a; Fig.8c is a
graph for explaining the basic nmethod of selecting various paraneters of
"the resonator; Fippftisns 4rand #46r agepeaittiene 19Neadrl ,ma pot toforsed £ i tige

paranmeters necessary for constituting an overtone
entrapped vibration energy is consumed by the vibration
energy absorbihg portions. Conversely when the lengths
are too large, the leakage ene;gy propagate without any.
5 loss, so that ﬁheoretidally,_iﬁ cen be deemed that the
oscillation energy absorbing elements do not present as
has been deecribed above. |
Accordingly, there must be optimuﬁ values for the
lengths; Hewever, as- it is diffieult to qualitatively
;) 10 deﬁermine the loss, let us determine the same by experi-
ments. Fig. 4b shows the result of experiments when the
vibration energy propagating gap is varied at the time of
manufacturin§ a quartz resonator having the third order
overtone-vibration (50 MHz). When the gap (D-a) shown in
15 Fig. 4a ie too Small} the impedahce for the vibration of
| the fundemental wave (first order) end that for the third
order overtone increases proportionally. Conversely, when
the gap is too large, there is no difference among the
1mpedances for the first and third overtone vibrations.
20 Consequently, it was found that it is advantageous to
select a value of about 1.5 for the ratio D/a so as to
give a eondition undei which the third order overtone
vibration is most easy to occur.
The basic prihciple of this invention has been
25 described hereinabove, actually, however, a resbnator
having a similar effect can be prepered even'when the

principle is more or less deviated.

\
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oscillation resonator enbodying the invenggon. Fig. 10a shows a charge
distribution generated by a resonator utilizing an asymetric node
oscillation of the | owest order; Fig.10b shows a series connection of the

el ectrodes;

15

20

25

-8- Fig.10c shows .a parallel connection of the elec-

More particularly, as the frequency of an oscillation
circuit increases, the gain of the amplifier decreases,
the negative resistance of the circuit varies in reverse

proportion to the square of the frequency. Accordingly,

it is not always true that the oscillation at an overtone

frequency at whiéh the resonator impedance as seen from

the side of the oscillation circuit becomes a minimum, is

easiest. | i
For example, in Fig.3b, when the percehtage T of

entfapping the vibration energy of the fifth order over-

‘tone vibration at a desired vibration frequency is set to

. a value, for example, about 60%, which is considerably'

lower than 808%. Qualitatively, the impedance for the
seventh order overtone vibration may be somewhat smaller
than the impedance for the fifth order overtone vibration.
In such a case too, due to the characferistié of the |
oscillation cirduit, the oscillating circuit does nbt'
oscillate at the seventh order overtone frequency at which

the resonator impedénce.is the minimum, but at the fifth

.order overtone frequency the oscillation circuit may

happen to oscillate.

- Acéordingly, the term "desired overtone vibration"
does not always mean an overtone vibration at which the
resonator iﬁpedancé as seen from the side of an oscillaf—_
ing circﬁit becomes minimum. Thus it is sufficient tﬁat

the impedance at the "desired overtone vibration" is

'greatly smaller than that for the lower order overtone
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trades; Fig.l1lla and 11b shows exanpl es of Aghe. series con- nection and
paral | el * connection of the el ectrodes of a resonator utilizing a [err] node

“oscillation;

Fig.12a and 12b are perspective views show ng series

connection and a parallel connection of the electrode divided into two
sections; Fig.12c and 12d are perspective views showing a series connection

~and a parallel

15

20

25

cehbration dhciludigigedhe rfarvralaiienttidd wake vipratier: ons:

Ihe resonator that satiéfies_the conditions described
above may have a plane configuration as shown in Figs. 6a
- 6c.

More particularly, as shown in Figs. 6a and 6b, main
vibration energy entrapping electrodes 2 and 2' are
disposed at the central portion of a piezoelectric sub-

strate 1, nonelectrode portioné 3 and_3' (vibration energy

'propagating pbrtions) are disposed about the electrodes,

vibration energy absorbing electrodes 4 and 4' of a

suitable_configuration are disposed about the non-elec-

trode portions, both'eiectrodes 2,3 and2',4' are intercon-
nected by lead wires 5 and 5' disposed bout the periphery
of the substrate 1, and the vibration absorbing electrodes
3,3' and 4 and 4' are coupled together to have the same
potential.

Thus, by connecting the vibrators and the circuit at
the vibration enérgy absorbing electrode contacts, the
electrodgs'can be utilized as tub electrodes so that the
mechanical strength of the lead connections can be en-
sured. | |

| As shown in Fig.6c the lead pattern extending from
the vibration energy entrapping portions may be_directly

connected to the vibration energy absorbing electrodes 4

‘and 4' through the vibration energy propagating portions 3

and 3'. With this'construction, however, it was experi-
mentally confirmed that the desired overtone vibration
-
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Fig. 13a through fig. 13c are sectional ggews show ng différent
constructions of the vibration energy absorbing portion; Fig.14a and 14b.
are plan views showing the const- ructions of the resonators utilized for
‘the confirmation experinments of this invention in which Fig.14a shows a
resonator not provided with a vibration energy absorbing portion, and
Fi g. 14b shows a & ﬁ%@tedsoptenaéeﬂomsnmgatwybaeakomhmwg@y tdies dregichpat~
portion; Figs.1l5a and 15b are graphs showi ng the results of
terns 5 and 5'. However, this construction is
advanﬁageous,in that since the lead wires are short, not
only the ohmic loss can be reduced, but also the position
5 alignment between the piezoelectric substrate and a vapor
deposited’pattérn is not required to be accurate.
Furthermofe, it is not always necessary to integrate
the lead wircs 5'and'5' from the vibration enerjy entrap-
ping electrodes 2 and 2' with the vibration energy absorb-

) 10 ing electrodes 4 and 4', but instead they may be separated
as shown in Fig.6d, or as shown in Fig. 6e, the vibration
energy-absorbing elcctrodes 4 and 4' may be formed to |
completeiy'enclose-the vibration énergy entrapping
portions 2 and 2'. This modified construction increases

15 the consumption of the leakage enefgy thereby increasing
the equivalent resistance for the vibration.
It should be understood that the construction of the
resonator of this invention can be modified as shown in
.') Figs. 7a through 7f.

’ 20 ' More particularly, in the constructions shown in
Figs. 7a and 7b, the vibration energy propagating portion
of the piezoelectric substrate 1 are rcmoved by etching,
for example, on both.cr single surface, for increasing the
cutoff frcquency of these portions. This constructicn

25 reduces the thicknécs of the_aftachcd electrodes which not

only reduces the electrode vapor deposition time but also

prevents peeling off of thick electrodes.
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experiment s shomnng the characteristics of2¢he resonators respectively
shown in Fig.1l4a and Fig. 14b; Fig.16a through 16d are sectional  views
showi ng different constructions of the resonators enbodying the invention,;
Fig.17 is a sectional view show ng the basic con- struction of the other
enbodi nent of the overtone oscil- |ation piezoelectric resonator according
to this inven- tion; Risy.tl® ifrequengy iewintoesrsgdt htheathicknessi pife thie
main vibration entrapping electrodes 2 and 2' becomes
extremely thin whereby the electroconduetivity is reduced
and the performanee of the elecrrode is lost. To obviate
5 this problem, the portions of the piezoelectric substrate
Corresponding to the electrodes are slightly recessed as
shown in Fig.7c¢ for ensuring necessary electrode thick-
ness. | |
It is not always necessary to attach the eleetrodes
;) 10 to the vibration energy absorbing portions on the
outermost periphery of the'piezoelectric substrate, but as
shown in Fig.7d, the thickness of the-substrate at that
portion is increased for consuming.unwanted vibration
energy by thick end portions 4°".
15 - To attain the above described object, it is not
always necessary to increase the thiekness-of the'piezo-
electric substrate l_at the outermost periphery, but. a
material having a . large acouetic-less, for examble, lead,
j) tin, gold, etc. mey be attaehed, or organic materials 6,6"'
) 20 and 7,7' such as epoxy resin may be attached with thick
film printing technique or the like. _
As shown in Fig.7f, a dot shaped material 8,8' and
9,9 or a large acoustic loss such as an eleetroconductive
binder may be applied onto the electrodes 3,3' and 4,4'
25 for consuming unwanted vibration energy. The resonator'
can be supported at said dot shaped material.
The result of experimenr made on the characteristics
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a resonator in which there are a pluralitypf-overtone vibrations, the
vibratioh energies thereof are to be absorbed; Fig.19a is a plan view :
showi ng anot her enbodi ment of this invention; Fig.19b is a sectional view
taken along a line A-Ain Fig.l9a; | |

5
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of the resonator of ﬁhis embodiment will be described in
brief. |
.In this experiment, a resoneter haVing a COnstruction
as shown in Fig.4 and the’follqwing specification was
used. | | |
Quarts (AT cut) substrate dia. 7 mm
Vibration frequeney (overtone order) 50 MHz
| | (third order)
Vibration enﬁrapping portion |
gold'electrode, film thickness -~ 350 2
electrode size - - 2mm X 2mm
Gap'between vibfation.entrapping.electrode
and absorbing electrode 0.5 mm
Direction of arrangement of |
vibration energy absorbing
electrode Z' direction
In this resonator, the CI values for the fundamental
wave vibration and the third order overtone vibration are
respectively 1509 and 5202, while the CI va;ue after
bonding the lead wire to the resonatorluSing an electro-'
conductivelbonding agent are respectively 2802 and 538
which proves the correctness of the theory.
‘Fig. 8a through 8c are sectional views shoWing

another fundamental cbnstruction of a resonator of this

- invention utilizing the asymmetric mode and a graph for

explaining the theory thereof. Ae shown in Fig.8a, spiit_
electrodes 20,20' and 30,30' are applied to both surfaces

__________;________
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Fig.20 is a plan view showing still anathgg enmbodi- nment of this i nventi on;
Figr2la ts a sectional view showi ng the other embodi- ment of the overtone
oscillation piezoelectric’resonator according to this invention; Fig.21lb is
a plan view of the enbodinent shown in Fig.2la; Fig.22 and 23 are sectional
vi ews showi ng the other enbodi nents of this invention; Fig.24 is a graph
:shomﬁng the rel aif amidentaegsortion of the plezoelectrlc substrate 1.

.When the resonator is exc1ted, an asymmetric (a )
vibration of the lowest order will be strongly excited.
Denoting the order of the .overtone at which the
5 resonator is desired to vibrate by n, where the parameters
a and A are selected such that the position of the entrap-
ping coefficient (n-2) a YA/H of the_(n-Z)th order shown
on the absciasa of Fig.Zb will be positioned at a position
at which the éercentagezof the energy entrapping of the a,
.') 10 mode curve is zero that is a position at which the entrap-
- ped mode does not present, and that the position of na
YA/H ﬁill be the position at which the percentage of
entrapping the a, mode curve will be a maximum, the
vibration energy of the overtone vibration_higher than the
_15 n-th order will be entrapped near the peripheries of the
,split electrodes 20,20; and_30,30' aa'shown in Fig.8b,
while the vibration energy of the overtone vibration of
lower than (n-2)th order will spread over the entire
surface of the piezqelectric substrate 1 and a substantial
20 amount of the ehergy will leak and consumed through the
| substrate supporting portion suppdrting the periphery of
the substrate.
The vibration energy of the overtone vibration hlgher
- than the n-th order and entrapped near the peripheries of
25 the split electrodes 20,20' and 30,30' has a higher
equivalent resxstance as the order of the overtone in-
- creases as above descrlbed, so that the resonator can
-
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the“resonator-inpedance and the charactgr£§tlc of the oscillation circuit
pf_bvertbne_frequepC|es of respective orders of the resonator enbodying the
invention; Fig.25 is a plan view of a resonator utilized for the
experiment made for investigating the filmthickness ratio of the
vi bration energy absorbing portion; Fig.26 is a graph showing the result of
experiment for ivitesttigat nthe 1G+tivabvertegar draguencyvwitbostogwidifying on
of an order at which oscillation is desired for a filmthickness ratio of .
the vibration erdregyosbsbldtion circuit. _
' o Fig.8c shows a basic method of selecting parameters
where it is desired to obtain a third order overtone
5 . vibration resonator by utilizihg an excitation of'ab
mode. The percentage T of entrapping the'a0 mode vibra-
tion energy becomes zero when the entrapping coefficient
nay/A/H is less than 04 so that, for the fundamental wave
(n=1) vibration and the third order (n-3) overtone vibra-

) - 10 tion, it is sufficient to determine the parameters a

and A such that
avE/H = 0.4, and 3a/A/H = 1.2

15 - The spacing.betWeen the split electrodes may be
uselected.to a suitable value so long as short circuiting
does not occur between electrodes. Where the interelec-
tréde spacing is extremely small, as is well known in the
art, as a result of an acoustic coupling of the asymmetric

20 mode vibration with a symmetric mode vibration which are
‘simultaneously éxcited, two types of different vibfation
frequencies are geherated. Howévei, in the rgsonator 6f
this embodiment, it is sufficient to derive out one of the
frequencies, that is in this;example only the resonance

25 frequency of the asymmetric mode vibration, so that there
is no problem. - | |

Where it is desired to utilize the vibration of the
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-10- portion and the Cl val ue of the over3gne vi bration of a Iomer.order to
be &uppréssed; Fig.27a through 27c are sectional views show ng different

constructions of the vibration energy absorbing portion; Figs.22a and 28b
show di fferent el ectrode construc-

-
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higher mode, for example, S1 mode oOr al_mode, each elec~
trode is divided into three or four sections. In this
case; as shown in Fig.2b, the gradient of each mode
frequency spectrum becomes steeper'as the order becomes
higher so that this is advantagéous because it is possible
to set large the difference in the percentages of entrap-

ping the n-th order overtone vibration energy and that ofi

‘the order lower than {n-2) th order;

In the abbve,.the basic principle of this embodiment
héé been described. Actually, however, a resonator havingl_
similar performance can be obtained even when'thg princi-
ple is more dr less deviated.

'More'particularly, as the frequency of an oscillating
circuit increases, the gain of its amplifier generaiiy

decreases so that the negative resistance of the circuit

~ varies in reverse proportion to the square of the frequen-

ey. Accordingly, it is not always true that the vibration

at an overtone frequency at which the resonator impedance
as éeen fromlthe side of the oscillation circuit becomeé a
minimum is the most easy. |

For example, in Fig.8c for the purpose of manufactur-
iﬁg the fifth order overtone vibration resopator by
utilizing the vibration of the iowest order asymmetric
(ao) mode vibration, when the parameters are selected such
that the pefdentages.of entrapping the vibration energies
of the first order (fundamental wave vibration) and the

third order overtone vibration are both zero, as shown in

This Sheet Has Been Replace

i




tions according to this inventions; Fi g.293 and 29b are sectional views for
expFai ni hg the fact that t he characterlstlc does not vary even when the
frequency is adjusted where the size of the piezo- electric substrate of
the resonator of this invention varies; Fig.30a and 30b are front ‘and rear
- views of an overtone oscillation plezoelectrlc oscillator of one enbodi nent
of this inventiopigbdy. 3he pedcdhragee qff ambraymimhoviegvibiitient energy

el ectrode
of the fifth order overtone vibration will not become
.sufficiently iarge with the result that a case may occur
in which the équivalent fesistapée for the fifth order
5 overtone vibration is higher tﬁan that for ﬁhe seventh
order overtone vibration.

In such a case, where the.difference.between the
equivalent résistances-for the fifth and seventh order
overtone Vibrétions'is small, it can bg considered that

j:j 10 the vibration of the fifth order overtone frequency is
possible in view of the relation to the above described
characteristic of the oscillation circuit. prevér, when_
the difference between the equivalent_resistances for the
fifth and seventh order overtone vibrations is large, the

15 oscillating circuit may oscillate at the frequency_of the
seventﬁ order overtone..
~In order to avoid this unétability, the percentage of
entrapping the éhif& order overtone vibration energy is

made to be slightly larger than zero, and the percentage

s
Y

20 of‘entrapping the fifth'oxdér overtone vibration energy is
selécted sﬁch'that the equivalent resistance for a desired
fifth order overtone vibratibn becomes extremely smaller
than that for the third order overtone vib:ation and that
the equivalent resistance is slightly higher thah that for

25 the seventh order overtone vibration.

It should be noted that, in this inﬁention, it is not
always neceésary to make the vibration energy of an over-
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constructjons utlllzed in the enbodi ment- gfpown in Figs.30a and 30b; and
Fi g."32a t’hrough 32c are sectional views respectively showing a two port
oscitlator or a dual node filter, an- overtone oscillator utilizing.an
~asymmetric ([err]) node oscillation at the | owest order, and an overtone
toscifl - lator utilizing a symretric ([err]) node OSCI||atI0n of the highest
or der. PREFERRED:EMBODLNENESOoOF (THE LUNNEYT the |fundemerdid bwane vi'ieraheony
of this invention and
of the order lower than the order of the overtone desired
to v1bration to be a perfectly not entrapped mode.
In the foregoing, the invention was described by
5 taking a case utilizing the lowest order asymmetric (ao)
mode vibration as an example, parameters a and A can be
selected in the same manner as a case wherein a higher
order asymmetric mode (al, a, ««s) Vvibration or a higher
order symmetric mode (Sl,-S2 I Qibration.

) 10 .Having completed the description of the basic concept
of this embodiment, the concrete electrode connection and
wirings, necessary for mannfactnring a resonator of this
invention will be described in detail as follows.

An electrode of a conventional reésonator is required
15 to be'arranged.for efficiently deriving out the charge
created by the'displacement of the piezoelectric'subé
strate. As a consequence, in the resonator of this
1nvention too, it 1s necessary to coincide the number and
positions of the hills or valleys of the charge generated
20 by the vibration mode utilized with those of theisplit
electrode, and to interconnect such that the charges
generated at.respective electrodes will not cancel witn
each other. | |
Where the vibration of the lowest order asymmetric
25l (ao) mode is to be utilized, as shown in Fig.10a, split |
eleetrodes'zo,ZO' and 30,30' are attached to the front and

rear surfaces of the'piezoelectric'substrate_l for gener-
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-11- the enbodi nents shown in the draw rg33w< | be described. Prior to the
descripti‘on of the preferred enbodi- nents, the theory of this invention
will firstly be described to have better understanding of the invention.
The facts on which the inventive concept is based are as. foll ows.

-
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20

25

ating electric charge'having a level as shown in Fig.10b

and the electrodes are connected in series as shown in

Fig.10b or in parallel as shown in Fig.l0c. - Since the
impedance of the parallel connegtion‘is 1/4 of that of the
series connection, where it is desired to decrease the
parallel resistance, parallel connection is preferred.

The spurious of a resonator utilizing a split
electrode wiil_now be considered. Where the utilized
vibration mode is a higher order symmetric (Si; Sy vee)

mode, an electrically asymmetric (agr a;, a, ...) mode

will not be éxcitéd, while where the vibration of 'a higher

ordef asymmetric mode is to be utilized, the symmetric -
mode will not be exéited. However, due to manufacturing
errors of the resonator, some other modes are actuélly
e#cited;

Among the vibration modes utilizéd, a mode of differ-

ent order, for éxample, a, mode with respect to a mode

will be sufficiently excited.

In the formér caée, however, the responsé is inher-
ently very smallland in the latter case the résponsé is
also small because the number of hills or valleys of the
generated charge pattern does not coincide with the
electrode division pattern so that the response is also
small. In anf case, the spurious caused by these facts
does not reach a level causing a trouble, |

For the saké.of reference, methods of connecting an
electrode split into three sections and utilizing the-S1

___~______________~
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(1) The theory of entrapping energy by Schackley and other scientists is a
pure elastic analysis in which anong various waves, a SH wave i s anal yzed.
As the vibration nedium metal, guartz I|th|un1tantalate, | i t hi um neobat e,
or a dense material such as piezoelectric ceramc is enployed. Even when

t he®vi brati on energy propagation direction and the order of the overtone
are different fonodél avebshbwan im@dsys.Adlaucindy Idb.hi ckness slip, a

t hi ckness tw st,

and thickness longitudinal, etc.,.it has been known that

this theory is appl i cBshwples -prfetdpaamitxd-ng pattern_ to be formed on the

15

20

25

piezoelectric substrate of a resonator utilizing an elec-

. trode split into two or more sections are shown in Figs.,

12a through 12d. Figs. 12a and 12b show examples of
series and parallel connections of the electrode split
into two sections, while Figs. 12c and 12d show examples
of series ana parallel connectiphs of the electrode split
into 3 sections, Where the wiring patterns 50 and 50° ---.
are made around the edge of the piezoelectrié substrate, a
conductor pattern is vapor deposited on edge too or an
electroconduct;ve point or bonding.agent is coated for in-
terconnecting the patterns on the front and rear.surfaces.

Since the resonator of this embodiment is constructed
to cause the_vibration energy of an overtone vibration of
the order lower than that of the.desired overtohe contéin-_
ing the fundamental wave'vibratien to leak and spread over
the entire surfaee of the piezoelectric substrate, the
leakage energy propagates without loss through porfions of
a large cutoff frequency thereby 1eakihg out through a
resonator support provided fdr the end of the piezoelec-
tric substrate as described before. |

However, it is very important to_coﬁsume the leékage-
energy effectively in order to increase the equi#alent
resistance of the vibration.- For this purpose, a plufal-

ity of vibration energy absorbing portions 60 having an

- extremely small cutoff frequency fj are provided on a

I
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tive,performance. (2) Accordlng to the energy-_entrapping theory of
Schockley where a portion having a cutoff frequency [err] presents around
a portion having a cutoff frequency [err] as shown in Fig.la, the vibration
energy will be entrapped in a portion (a portion of [err]) having a | ow
cutoff frequency and the extent of entrapping will be shown by Fig. 1b. In

Fig.1b, the ordi rp&ntsdmvﬁheowhallezeﬁ theoedgee poreduanof ehy qrRisesbdledtric
equatlon [err] (f --flerr])/(f[err] -f[err]), and wherein [err]=1 neans :
[err] [err] mmI%wbstrmbe inadkushowd By Fig. 13a. With this construction,
the amplitude of the-leaking.vibration energy is increesed
at this portien where the'vibrapion energy is converted
5 into thermal ehergy which is consumed thereat. The energy
absorbing portions 60 may be provided either by thickening
the piezoelectric substrate 1 or by attaching e conductioe
-£ilm or a reein'film of an appropriate mass. _Altefnative-
ly, as shown in Fig. 13b, a mass such as edhesiVe agent
7y 10 70 may be attached on the outer surface.
| Although the cutoff frequency £, of the energy
absorblng portions 60 may be equal to or less than f3'1it
is preferable to increase or decrease it so as £o maximize.
the consumption of undesired vibration energy at thie
15 portion.

Further,'in order to positively.consume the leakage
eneréy, cenductor films 8 may be attached at appropriate
positions on the front and back surfaces of the_edge
portion of the piezoelectric substrate 1 with resistors 9

20 connecting therebetween as shown in Fig.-13c. The
resistance value r of the resistors can be basically

determined as follows:

25 where £

frequency of vibration to be converted

- into heat

a

capacitance between the conductor films

provided on front and back surfaces.

\
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a poktion havi ng a cutoff frequency [err4 3 shown in Fig. la. -12 - In

ot her worfs,

this neans absence of the portion, in which case the

oscillation energy spreads over the entire surface of the substrate and no
entrapping occurs. On the other hand, a case wherein [err] = 0 neans
contrary to the above description that all vibration

3 10

15

25

When there are a plurality of vibration frequenc1es
whose energy is to be absorbed, a-plurallty of different
. -1 -1 - -
resistors of (_2'nfa Co) ,-(anb Co) --=- can be applied
to the periphery of the resonator. Alternatively, a

resistors of (217fm (:o)—1 may be applied where fm

represents the mean value of f ’ fb -—— .

The resistor is not necessarlly to be llmlted to that

utilized to construct an electronic circuit. For example,

the resistor ﬁay take the form of a coating of an electro—.
conductive bonding agent for fixing the support of a
conventionel quartz vibrator. This measure is.advantagef
ous in that it can be used without affecting the produc-
tivity of the resonator. |

Two different constructions of the oVertone vibration

- resonator utilizing a lower order.asymmetric (ao) mode

vibration and manufactured based on the principle de-

scribed above and their characteristics will be described
hereunder. _ _

Fig.l4a shows a plan view of a basic third order
overtone vibration resonator not prcvided Qith.a vibration
energy absorbing portion according to this invention. As
shown, lead wires 50 led out from the main electrode 20
and 20' split into two section afe provided at the centef
of a c1rcular quarts substrate for connecting in parallel,
the front and rear electrodes hav1ng the same construc-
tion. |

In Fig.1l4b, vibration energy absofbing portions 60



energy is entrapped in a portion having._agutoff frequency [err]. A
parameter na[err]/H al ong the abscissa designates an entrapping coefficient
whi ch i's determ ned by the order of the overtone n, the size a and

t hi ckness. H of a portion having a cutoff frequency [err] and the anount of

- frequency decrease [err] Considering Fig.1lb, it can be noted that where the

- entrappi ng coeffpgeeproRalien lrde ithd eastdihaefigheryn ofl aesguantensubppi ng

~node presents in the vibration of the symretric nodes ([err] --- ) of

hi gher orders angtkhte. The results of measuréement of the characteristics

'_ of these two types of resonators show fhat, in the former,
£he CcI valﬁes of the third order and the first order
5 (fundamental wave) overtone frequencies are 702 and 175Q
respectively. When a small quantity of an;électroéondﬁc-
tive bonding agent-as'applied these values become 729'and
3800 respectively which proves the correctness of the
theory of this inventibn.

Ty 10 ' The CI vélues of the third order and the first order
(fundamental waﬁe) overtone frequencies are 650 and 250Q
respectively. Whefe an electroconductive bonding agent is
applied to the hoider of the quartz substrate, these
vglues become 659 and 13300 réspectively, thus confirming

15 the éffectiveneés of the vibrafioh energy absorbing
portion. | |
| In thé resonator shown in Fig;14a; wheﬂ the quartz
substrate holder i§ fixed by the electroconductive bonding
agent and then the electrode film thickness is varied.

20 The difference between the.CI values at the third order
and the first ordér-overtone frequencies decrease.as shown
in Fig.15a.

| This means_that in the construction shown in Fig.1l2a,
when A is 6aused to vary depending ﬁpon the electrode film

25 thickness and both of the first order and the third order.

overtone vibrations are entrapped, the difference in the

CI values decreases.; Consequently, it will be clear that
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vi brations of the asymetric nodes ([errlk-38 L. This characteristic does
not-presént in the symetric node (S of the lowest order. (3) In the
entrappi ng coefficient described above, where a, [err] and H are suitable
fixed value, the degree of energy entrapping becones |arge as the overtone
order nunber n increases. However, as the entrapping coeffi- cient becones
| arge, the degreeraficunsrpgraméteppi hgcledihgs thel slgetraldec fiidim thikrkness
substantially influenced by the order of the overtone.
should be set to maintain sufficiently large the differ-
ence between their CI values.
Fig.15b shows the variation in the CI values at the
5 flrst order and third order overtone frequencies where the
gap between the exc1t1ng electrode and the energy absorb-’
'ing portion of a resonator provided with the vibration
energy absofbing portions shown iﬁ Fig.14b is varied.
. As can be noted, as the gap-increasés, the leaked
ff} 10 vibration energy of the first order (fundamental wave)
frequency is not sufficiently consumed by the energy
absorbing_portions thus decreasing the eﬁfedf thefeof;
Accordingly, it is essentiél to set the gap between the
energy ébsorbing poftion and thé exciting electrode to an
15 optimum value.
Since the construction of the resonator of this
iqventioﬁ varies depending upon various requifements such -
'as'chéracteristic, manufacturing and frequency adjustment;
the construction can be variously modified as shown in
20 Figs. l16a through 16d. |
| .. More particularly in the copstruction shown in
Fig,lsa; fesin-films 70' are applied to the vibration
energyiabsorbing portions 60 on the periphery qf-the
piézoelectric substrate for decreasing the cutoff frequen-
25 cy of the portions 60. Fig.16b shows # éonstruction in

- which, for the purpose of obtaining a sufficiently largé

cutoff frequency diffeience,'the thicknesses of the
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(4) Were the order n of the overtone and Bte-piezoel ectric substrate
frequency, that is H are given, -13- the paraneter that varies the
entrappi ng coefficient corresponds to the size of a portion (generally,
el ectrode contacts) having a cutoff frequency [err] and the anount of

freQUency decrease [err] caused by an addition of a certain
substrate between the main electrodes 20 and 30 at the

center of the substrate and the vibration energy absorbing
portions 60 are reduced by etéhing_for increasing the
cutoff frequency thereof. Fig.}éc shows a construction in
5 which the thickness of the substrate is reduced between
the main electrodes 20 and.30 and electrodes 80 are
attached to the vibration energy'absorbing portions 60.
.Thereby enabiing electro-thermic conversion of the_Vibra-
tion energy. ;In-Fig.lsd, for'the purPOSe of.preventing
i 10 increase in the electric resistance due to the decrease in
the film thickness of main electrodes 20,20' and 30,30°,
only the electrode contacts to the substrates are etched
to reduce their thicknesses.
The foregoing embodiments illustrate 6nly few exaﬁ-
15 pleslof the construction of the resonator of this inven-
tion, and if desired, suitable combinations of these
constructions can be used.
Qlthough in the foregoing embodiment,'a resonator
uﬁilizing the lowest order asymmetric (éo) mode vibrétion
20 and hgving simplest coﬂstruqtion was described, it should.
.ber understood that the invention is not limited to this
consﬁruction but can use higher order symmetric (Sl, S2
~==) mode vibrationé as well as higher order asymmetric
mode vibrations. .
25 - The vibration mode of an illustrated resonator is the
lowest order asymmétric vibration mode of a quarts sub-

strate excited in Z-directibn,_but the quarts substrate
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mass. However, where such materials havi-hgithi-gh bondi ng properties as
quartz is used as the oscillation nedium the effect of frequency decrease
caused by. the piezo- electric nature of the material beconmes remarkable so
that where it is inpossible to sufficiently vary [err], variation of ais
effective. (5) Regarding the vibration whose energy is entrap- ped, as the
order of overtoneanpnadsgsbe Bmsuﬁﬁﬂ\kﬂ(ﬁﬂdknﬁﬂt#QﬂKxaEnxﬁhﬁ£m¢§¢gelt is

possible to divide the electrode in Z and X directions for
exciting vibrations ih both directions. |
Althougﬁ in Fig.14b, the vibration energy absorbing
5 - portions were provided in the Z direction, these portions
can be provided in the X direction, or around substah-
tlally the entlre periphery of the substrate or the
portlons can be divided into a plurality of sectlons. The
v1brat10n energy absorbing portions becomes more efficient
:j 10 as the area thereof covering the periphery of the sub-
strate increases.
The.invention is not limited to a thickness twist -
-vibration as shown in Figs. l4a aﬁd 14b but is also
applicable to such vibration mode as thickness longitudi-
15 nal and thicknees slip vibrations. In addition, various
types of the piezoelectric material can also be used.
Although not shown in the drawing, the resonator may
be a two port resonator having a three.terminal electrode
construction. This construction makes easy vibration in
20 high frequency bands. When the invention is applied to a _
monolithic crystal filter, a filter characteristic having
"a small spurious over a wide frequency range can be
expected.
Fig.l17 shows still another embodiment of this inven-
25 tion in which resistors-R having suitable values are
connected across electrodes 4'apd 4' on_beth surfaces of
the energy_ebsorbing portions near the outer periphery of
-_r~_‘__‘_*~\\“‘_
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As can be clearly noted fromFig. Ib, the gjbration energy is not perfectly
entr'apped in a portion having a small cutoff frequency but nore or |ess
| eaks to the peripheral portions having high cutoff frequencies, but if a
portion which absorbs the | eakage energy and converts the sane into heat
presents extrenely close to a portion having a small cutoff frequency, the
equi val ent resi sttineecpiezoehectrhrasubstiradenes large. In this regard, in a
conventional quartz oscillator, sufficiently thick electrodes are attached
to the center With thls modlflcatlon, the vibration energy of an
order lower than the desired overtone order propagates to
the vibration energy absorbing. portions excites the
5  piezoelectric substrate 1 at the vibration absorbing
portions, and the electric charge generated in the elec-
trodes 4 and 4' is converted into heat energy by resistors
R and then consumed, whereby the impedance for the lower
order overtone vibration'containing the fundamental wave
) 10 . vibration increases eufficiently.
The value of resistor R is set to be substantially

equal to (27 £ Co)"1

-where Co represents the capacitance
between electrodee 4 and 4' and fn the freqﬁency of then
overtone vibration,.the energy thereof is to be converted

15 into heat and consumed. This condition corresponds to the
| impedance matching of an alternating current circuit so
that it is a ﬁost efficient measure for absorbing unwanted
vibration'energy..

o Where it is necessary to consume a plurality of

20 vibration energies of the fundamental (first order) and

the third order overtones such as the fifth order overtone
vibration resonator, a frequency fm intermediate of the
fundamental wave frequency fhl,and the third order over-
tone frequency fn3 is used for setting the'value of

25 resistor to R = (2w fm.co)-l. Alternatively, as shown in

Fig.18, the vibration energy absorbing electrodes 4 and 4'
are divided and resietors having values of R, = (Zﬂfnl

- .
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of the quartz substrate so as to increasegphe difference in the cutoff
frequency so as to entrap in the electrode portion the vibration energy of
t he overtones of all -14- orders. Accordingly, the vibration at the
fundanental frequency at which the Cl value becones mnimumis the easiest
to -occur. As above deCFIbeg if one wantsjto ) |
: o ) and R® = (Zﬂfn3 Co) respectively are connected
across respective divided electrodes.

Fig.l1l9a is a plan view show1ng a modification based

on this pr1n01ple and Flg 19b lS a sectlonal view of thls
5 modlflcatlon_taken along a line A-A. 1In this modifica-
tion, vibratioh ehrapping eléctrode# 2 and 2' are provided
for bqfh surfaces at the center of a quartz substrate 1,
and the elecfrodes_z-and 2'_are'connected to vibration |
‘energy absorbiné elect;odes 4 and 4' at suitabie portions
j"} | 10 - on the outer periphery.of the substrate 1 via patterns 5
and 5°'. | |

The electrodes 4 and 4' are secured to resonator
holding portiohs 6 upwardly extending from a base, not
shown, for supporting the resohétqr by using an electro-

15 conductive'bondihg ageht 7 for making electrical con-
nection and mechanical fixing.

In_this case, care should be taken not to short
circuit the front and rear electrodes 4 and”4' by the
electroconductlve bondlng agent 7.

.20 By applylng a bondlng agent 8 hav1ng a desired
re51stance.value tQ suitable portions of the electrodes 4
and 4', absorption of the unwanted vibration energy can be
increased. |

.As the bonding agent 8.can be used an'epoxy resin

25 containing a coﬁtrolled qguantity of disperséd carbon |

particles.

Where tw of wave motions whose .
““i\\\\\\\\\\\\\\\\\\\\\\\\ '



cause the crystal resonator to vibrate in s _overtone node, sone
modificafion is necessary for the oscillation circuit. (6) The
characteristic of a higher order symmetric or asymmetric node shown in
Fig.1b is the result of theoretical analysis regarding an infinite area
pi ezo- electric substrate. However, when this characteristic can be

preserved subst agibhitont¢pRrigles autles AR ofbsortbed § etharetbrathor t he
vi bration energy spreads over the entire surface of the substrate, the
energy wll |eakehe@fly absorbing electrodes 4 and the peripheral surface
- of the substrate 1 are split as shown in Fig.20, and the
split electrodes 9 and 10 are bonded to the front and rear
5 surfaces with the resistive bonding agent 8 described
| above. Of course, the resistance velue of the bonding
agent should correspond to the frequency of the wave
" motions whose vibration energies are to be absorbed.
Figs. 21a and 21b show another embodiment of a
“ 10 resonator utilizing a composite materlal for use in a GHz
band. As shown, boron (B) is doped into one surface of a
silicon block 500, and a recess 600 of a desired diameter
is formed by etching the opposite surface. .
| _ Then a flat thin layer 700 having a thickness equal
15 to that of the layer doped with boron and cannot be etched
will remain. Then a lower electrode and its lead wire 800
2 is
'sputtered ﬁo'a desired thickness, and a upper electrode

are formed by vapor deposition. After that, Z, 0]

and its lead electrode 100 are vapor deposited on the £ilm
20 of zn 02 ‘The portions covefed by the electrodes 800 and

100 are utilized as ;he vibration energy entrapping

portions having a cutoff frequency fl‘ The thin 1ayer 7

extending about the outer periphe;ies of the eiectrodee is

used as the vibration energy transmitti;g portion having a
25 cutoff freqﬁency fz, and the not etched portion 500 of the

| silicon block is used as a v1brat10n energy absorblng

portion having a cutoff frequency f3. Then a relatlon f
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a hol ding, portion for the substrate edges 44 «issipate in the holding
por i on. Accordingly, the equivalent resis- tance-for the vibration will
beconme extrenely high. Based on the facts described above, | et us consider
that the characteristic of the vibration of the higher order synmetric or
asyrmetric node on the infinite are a substrate described in itens (2) and
(3) can be retaifedqi it iathdely antamatically ts@ that, by gudhapdyacontrol-

di agranmatic sectional view showi ng an energy entragﬁlng tyge resonat or
o

having an infiniﬂénﬂéﬁﬁﬁhratl° between £, a e absolute value of f,

and the diameters of the electrodes 800 and 100, an over-
. tone vibration piezoelectric'viprator capable of vibrating
5 at a desired order of overtone vibration can be obtaihed
since these values correspond respecﬁively to the piate-
back amount A, substrate thickness H and the electrode
size a which;are the parameters of the entrapping coeffi-
cient;_ | |
) 10 As is well known in the art as i£ is possible to
| manufacture extremely thin layer 7 and spuﬁtered zno, and
hence having a high fundamental wave vibration frequency,
it will be clear that it is possible to'provide a high
frequency oscillation circuit having 3, 5 or 7 times
15 frequency and not requifing any special circuit, for
example, a LC tuning cifcuit. |
The resonator is not limited to a silicon block.
Although the ménufacturing steps becomes more or less

complicated, as shown in Fig.20, an opening having a

.,
Mg

20 desired diameter is formed at the center of an artificial
guarts or glass block 110 by mechanical machining or
etching, and a quarts or glass plate 130 is strongly
bonded to one surface of the block by a three layer alloy
bonding'agent 120 consisting of Agf-Ag-Jn. Afterilapping

25 the quartz or glass plate.to a desired thickness, uppér'
and loﬁer electrodes 800-and 100 and é'piezoelectric
portion 900 made of z, 0 and sandwitchéd between the upper

\
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inthe x direction, alimted width 2b in jhe_z direction and el ectrodes
appkled to the Iateral center of the substrate and having a width of 2a.
Anong the wave notions, it is necessary to consider 15- only a SH wave
havi ng a di spl acenment paraIIeI to the x axis, and the displacenent U can be
_expressed by an : '
‘ : and lower electrodes are formed. |
Alternatively, an opéning is forﬁed through the
central pbrtion.of a metal block 140 as shown in Fig.23,
and a metal plate 150 of the,sape material is seam welded
5 to one surfaéé of the metal block 140. Then the metal
plate 150 is lapped to a deéired thickness thereby forming
a vibratibn'portion. When such vibration portion is used
as the v1bratlon portion, it can be used as the lower
electrode, the piezoelectric substrate can be directly
“} .10 \sputtered onto the thin metal platé 150 and an insulating
film 160 is aﬁplied onto only the lead pattern w;ring of
“the uﬁper electrode Sttached to the piezoelectﬁié portion
. 900. Thereafter, the lead pattern is formed.
In.addition to zn_o, A2 N and Cd S can also be used
15 the piezoelectric materiai, and ofher method than sputter-
.ing éan be used as the method of attaching the piezoelec-
tric material. However, as the sputtering deposition
" method is most suitable for preparing_extfemely thin
piezoelectric layer, this method can satisf& the object of
20 this invéntion for preparing a resonator of an extreme;y
high frequency. In this case, usually since the crystal
gfows in the axial direqtion, fhe vibration mode is
limited to the thickness longitudinal.vibration.
Also, in this embodiment, a thickness slip vibiation
25 mode and a thiékness twist vibration mode can be.used._
In the vibration energy absorbing portion 4 shown in

Fig.3a, the consumption of an overtone vibration on energy

[
Sheet Has Been Rej laced

T



equation U = ' H. cos (n[err]y/FD exp (] M3 46 - - - (1) according
to Choue 'and Junonji's paper entitled "Analysis of an energy entrapping
type pi ezoel ectric resonator[err] (1965, Septenber, Journal of the
Institute of Electronics and Conmuni cati on Engi neers of Japan, Vol. 48, No.
9) where U = f(z) which can be rewitten as follows by using k and k
defined such thatoft e phemgalower coimdn abhaB of| thel degsred aveedioneunber
at respective regions (1) (11) and (Il1) of the substrate shown in Fig.2a.

- vibration after converting it into heat, is not sufficient
as that the impedance at a corresponding frequency does
not rise sufficiently. Thus a.@esired.overtone vibration

5 may become impossibie in view of ﬁhe negative resistance
.eharacteristic of the oscillation circuit as shown in
Fig.24, |
Accordiegly, an experiment was carried out by ueiné
an overtone vibratipn resonator shown in Fig. 25 in which
'fh) - 10 the amount of attachinglthe vibration energy absorbing
'~ electrode 4 was varied for determining the diffe?ence
between the CI value of the fundamental wave vibration and
‘the CI value of the desired third order overtone vibra-
tion. |
15 Fig.26'is a graph showing the résult of ex?eriment.in
which after fixing the size of the exciting electrode 2
made of Ag, the film thickness is varied for varying the .
entrapping coefficient na/K/H. For eight entrapping
ceefficients, the amount of Ag of the vibration energy
20 absorbing eleetrodes'4 was varied to 1, 2, 4 and 8 times
of that of the exciting electrode, and the relation
between the CI value of the fundamental wave vibration to
be suppressed and the CI vaiue'of the desired third order
overtone vibration was plotted. _ |
25 As can be noted from Fig.26, the CI value of the

fundamental wave vibration to be suppressed has a peak

value except a case wherein the ratio (film thickness
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[err] = T[err] [err] - 47 ---(2) [err] (3)

[err] [efr] (4) where A, B and C are constants.

Let us assune that [err] represents a natural resonance frequency of a

thickness slip oscillation where it is assunmed that the el ectrode portion

(119 has an infinite width, and that [err] represents the natural resonance
ratio) between the thickness of the energy absorbing
electrode mode of Ag and that of the excitation.electrode
is unify, the peak value increaSing with the increase in
thé film thickness ratio. | :

5 The same tendency was observed in the fifth order and
the seventh order overtone vibration resonators although
figures wefe omitted f§r the sake of simplicity.

Above descriped'result of experiment'shows Ehat it is
necessary to make lower the cutoff frequency of the
-;} 10 vibration'energy absorbing porfion than that of the Vibra-
tion energy absorbing portion attached with an excitation
electrode. Otherwise, it is impossible to have a suffi-
cient difference between the CI value of the overtone
vibration of an order at which the vibration is desired
15 and that of the lower order overtone vibration containing
thé fundamental wave vibration to be éuppressed, thus |
disenabling stable vibration at a desired frequency.

When designing an overtone vibration piezoelectric

resonator as shown in Fig.3a, it is essential_ﬁo select

20 the relation between a film thickness ratio at which the
CI value for an overtone vibration of an order at which
the vibration is desired to be extremely.low while.the CI
value of the overtone vibrétion of a lower order including
the fundamental wévé'vibration is ethemely high, and the

25 value of the entrapping coefficient by taking into consid-
eratiph the fesult of expériment described above.

The result of.experiment SHOWnlin Fig.26 shows that.
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frequency when it is assunmed that portionsgygl L and (I11) not provided
with electrodes have infinite widthes, the propagation constants k and k'
of respectlve regions Il, and | and Il are expressed as follows k = [err]
(5 k'=n[err] ~ -- - (6) The upper portion of the
double notatlon of equations
- optimum parameters for the thlrd order overtone vibration

resonator can be obtained when the film thickness ratio_of'
the energy ébsorbing portidn to the excitation electrode
is selectéd to be 4 and thelengrapping coefficient navA/H
5 is selected to be about 4.5,
| 'For decreasing the cutoff frequency of the vibration
energy absorbing.portion, it_is not only possible to
elongate oniy the_vapor deposition time of alconductor to
- the portion, and to form a recess at the central portion
5?) 10 of the piezoelectric substrate 1 as shown in Figs. 27a
throﬁgh 27c for creating a difference between cutoff
freéuénéies. Alternatively, as shown in Fig.27a, the same
material a” as the electréde can further be vapof deposit-
ed onto the vibration energy absorbing portion 400 thus
15 formed. _Thé cutoff frequency can be made more lower by .
using a vapor'deposited material having a higher specific
gravity than that of the electrodes 2 and 2 (Fig. 27b).
Further, as shown in Fig.27c, for the purpose of
obtaining a higher overtone vibration frequency, where the
20 portiohs of the piezoelectric substrate on which the
electrodes are to be attached are made particularly thin,
it is sufficient to increase the thickness of the portions
of the substrate which conétitute the vibration energy
absorblng portlons. ‘
25 ‘The cutoff frequency f2 of the plezoelectrzc
substrate about the electrodes 2 and 2' is not always

necessary to be perfectly the same on both surfaces and é
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(2) (3) and (4) gives synnetrlc vi brati en gogn whi ch a di spl acenent U becones
an even function with respect to the original, whereas the | ower portion
gi ves an asynmet- ric oscillation that becomes an odd function. I'n
equations (1) through (6) described above, the follow ng equation of
frequency can be derived out fromthe boundary condition that the
di spl acenent andsknghtsdaféemembenu@uyenmwssdbiq£Hrqven viinzh t tlae GHEOéﬂd
surface is free when z = b. tan h k' (b - a) k/k' Jerr] ka -
- - (7 frequency f3 of the v1 ratlon absorblng portlons 400 at
' the perlphery of the piezoelectric substrate varles_
substantially so long as the cqpeition f3 < fl.is
5 satisfied, there is eo.preblem. '
An electrode construction of the piezoelectric
_resonator w11l now be descrlbed that enables to compensate
for the deterloratlon of the resonator characterlstlc
caused by the "deviation of the position of additional
fﬁ) : 10 vapor deposition effected for the purpose'of fine-adjust-.
-ment of the'vibration frequency, and to greatly decrease
the influence upon the resonator characterlstlc caused byh
the difference in the thickness of the plezoelectrlc
substrate thereby increasing the upper limit of the
15 . resonance frequency. | -

Fig.28a is a sectional view showing the fundamental
coﬁsttuction of the electtode of such piezoelectric
resonetor. | |

e More particularly, a surface electrode 2 is attached
- 20 near the central portion of the surface of e piezoelectric
.substrete 1 and a rear electrode 2' having tﬁe same or
wider area is attached to the rear eurface, and the
frequency is edjusted by applying an additional vapor
dep031tlon to the electrode 2' |
25 With this measure, even when the p051t10n of the

add1t10na1 vapor deposition for the fine adjustment of the

frequency displaces a little, since the area ef the

K .
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Let us determ ne an equation of approxinatisdh -of equation (7) when [err] is -
slightly Tower than [err]. Let us denote the observable frequency, that is

t he resonance frequency by f where the substrate thickness is varied in
region (11) shown in Fig.2a or where el ectrodes are attached. Then two

norfial i zi ng. frequeggies 6 gnd [errl, that, satisfy the followyg egyatiop are
the area of the surface electrode, for example by about
i.S times, there is ho possibility of resulting in a new
.spurious. Even when the spurious is generated it is
5 possible to limit it to'aﬁ extremely low level, thereby
causihg no problem. Fig.28b shows a construction wherein
_.the rear electrode 2' is extended to cover the entire reer
surface of ﬁhe.piezoelectric substrate; This construction
has the same'advantage as that of the embodiment shown in
) 10 Fig.28a. 'However, since the position of the vapor
depositioh mask utilized_at the time of manufacturing the
resonator may be rough, the construction shown in Fig.28b
is advantageous from the point of produce ability.
The piezoelectric vibrator having the electrode
15 construction just described is advantageous for the
following application. |
‘It is inevitable that the thickness of a
§iezoelectric substrate varies more or less during the
L manufacturing steps. In such case, in the prior art
| 20 vibrator, the resonance frequency is matched by applying
an additional vapor deposited f£ilm onto the surface
electrode.. This measure can eliminate variation in the
resonance frequency,'but since the amounts of plate back
are different, the amount of entrapping the vibratioh
25 lenergy is also different. As a consequence, the state of
0ccurrence of .the spurious caused theieby is different for

respective vibrators.

(VWA

This Sheet Has Been Re’placed .



-17- f = (1 + [err]) [err] - 5] - --- 8) [err]=
(1« [erf] )[err] - - - (9) From equations (5)

and (8), we.obtain (kH[err]= (n[err])[err]. 2[err]

(10) Fronlequatlons (6) and (9) we- obtain (k'H) = (n [err])[err]. 2(
[err] [err] ) -(11) From equations. (10) and (11), we
obtain k' H kH = [errWﬁeﬁeEhis eﬁé&kkoﬁé k@il ruction is applied to-such

(12) case, there arlses_an effect as shown in Figs. 29a and
29b. |

More particﬁlarly, when an additional vapor deposi-

5 tion fllm 300 is added to the entire surface of the rear
electrode 2' covering the entlre rear surface as shown in
Fig.29b for matching the resonance frequency to that of |
Fig.29a, the.overall thicknesé of the piezoelectric
substrate 1 increases so that an effect equivalent to that

10 obtained when the natural frequency of the substrate
itself is adjusted. Consequently, not only the adjustment
of resonance frequency of the vibrator is possible but
also vibrators of less variation in the characteristic éah
be mass produced.

15 This construction is advantageous for obtaining a
vibrator required to have a high resonance freéuency.

More particularly, when preparing a vibrator de-
scribed above, the electrode is desired to have a film
thickness suffiéient'to provide a desired percentage of

20 vibration energy entrappihg. The parameter that gbvérns
the"percentage of vibration energy entrapping is called an
entrapplng coeff1c1ent whlch is given by na /—/H, where n
designates an order number of the overtone, a the elec-
trode size, A the amount of plate feed back and H the

25 substrate thickness. |

Where a vibrator haVing a high resonance frequency is
desired, the deSigner is requested to select parameters of

J e L
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By denoting [err]/[err] as [err], the -- - - (13

k' /.k [err](1 - [err])/[err] 52 - - - (19 F&rt%er,
fron1equat|ons (10) and (13), we obtain ka = n[err] aferr]2[err]/H =
nferr] aferr]2[err] /H - - - (15) Further, fromequations (11)
and (13), we obtain k'a = n[err] alerr]2[err](1 - [err] ) /H

- - - (16) Substunditdri¥Y Pp ot atdefibid et (57 obtai{ifdgi aesirqdatnengly7)
gi ves an equation tan h n[err ‘a [err]2[err] (1 -[err] ) x (b/a -1)/H

[err]

10

15

20

25

entrapplng percentage on a mode curve irrespective of what

mode of vibration is used.
There is an optimﬁm value_pf the entrapping coeffi-.
cient that minimizes‘accompanying auxiliary resonances.
When investigetihg respective parameters'of the
entrapping coefficient, the substrate thickness H is
sﬁbstantiall} determined by the desired resonance frequen-

cy and the electrode size a is obliged to be determined to

‘a predetermined value due to an equivalent inductance

etc., so that only the remaining parameter, that_is the
amount.of plate feed back, that is the electrode film
thickness (sum of the surface and rear film thickhesses)
presents a problem.

As can be noted from the definition of the entrapping

'c0efficient; the electrode film thickness becomes thin as

“the resonance frequency increases. Consequently, in the

prior_art vibrator, the thin electrode film is divided
into equal sections on the front and rear surfaces, the
respectlve sections can not act as the electrodes from the
standpoint of electroconduct1v1ty. As is well known in
the art, the thickness of the electrode film shouid be
leréer than 350 & from the standpoint of electroconduct-
i%ity irrespective whether what type of metal is used.
Assuming that the f£ilm thickness of the surface

electrode tha£ determines the Vibrator.characteristic, for

exaﬁple, the frequency of generating the auxiliary reso-

___~____;_______;__
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[err] - - - (17) -18 This equalig? shows the rel ationshi p between
t he.norndl i zed resonance frequency [err] Ulilizing b/a as a paraneter and
the resonator dinmension na [err]/H, and corre- sponds to- a general equation
resulting in a vibration energy entrapping state on a limted area '
substrate.

nances is set near the limit of the electrode thickness,

for example about 400 &, this thickness determines the

upper limit of the reson&nge frequency_which is possible
to design., _ |

5 Since the film thickness of the large are a electrode
covering the entire rear surface has no influence upon
such characteristic as the auxiliary resonance, the film
thickness caﬁ be exclusively used to_determine the fre-
'quenéy. For this reason, the thickness .

10 of the front and rear electrodes may be 400 A and more.
This measure'endbles to realize a piezoelectric vibrator
having a high resonance frequency which has been
impoésible in the past.

A trially manufactured AT cut quartz vibrator had a

is substrate diameter of 5 mm, substrate thickness of 19 um,
a diameter of the surface and rear electrodes of 3 mm, a
film thickness of 700 i, a diameter of the surface elec-
trode of 1.4 mm, a f£ilm thickness of 500 A and a resonance
frequency of 88 MHz. It was found that there was no

20 problem of the auxiliary resonance.

Assuming a diameter of 5 mm, a quartz substrate
having a thickness of about 20 um_éan be manufactured
according to the present technique of poliéhing quartz.
However,'a.vibrator having diameter of 5 mm with elec-

25 trodes of a thickness of about 500 & close to the limit

that satisfies thé electrical characteristic attached to :

both surfaces of the substrate will have a substrate
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The frequency spectra of the higher ordersgyametric and asymretric node

vi brations where b/a = 4 are calcu--lated by using equation (17) and the
cal cul ated spectra are conpared with those of a-indefinite area substrate
and the result of comparison is shown in Fig. 2b. As can be clearly noted
from Fig.2b, the degree of energy entrapping of the |owest order symetric
node vi bration drieknegeef yakependt iepenst addikBnspsangncehfrequency
substrate, whereas the degree of entrapﬁﬁng higher order symetric and
asymetric node 3@ blrzérprt;ﬁfg Qpeut 68 z. Thus, by using the electrode

construction of this invention, the upper limit of the
resonance frequency that has been considered
5 possible can be increased by 30%.

Furthermore this electrode construction is advanta- _
geous for the electrode of an overtone vibration
piezoelectric vibrator requiring a deliceﬁe adjustment.

Fig.30a is a plan view showing an overtone vibraﬁion

10 vibrator; which is the most fundamental vibrator utilizing
the lowest order symmetric (So) mode. .As shown, a
vibration energy entrapping excitation electrode 2 is
provided at the center of the piezoelectric substrate 1
and leaked vibration energy absorbing electrodes 4 and 4'

15 are attached to suitable positions on the outer periphery
of the piezoelectric substrate, the electrodes 2, 4 and 4'
being formed as conductor vepor deposited patterns.

In the prior art, the construction of the rear
electrode is the same as that shown.in Fig.30a.

20 " In an overtone vibration-vibrator.haning above
described electrode construction, unless the gap_between
the exciting electrode 2 and the vibration energy,ansorb-
ing portion 4 is maintained at a suitable value, that is

- when the gap is too large, the leaked vibration energy
25 will not be consumed.sufficiently.. Consequently, when the
| gap is too small the vibration energy of a desired |
overtone Qibration too is absorbed and consumed, thus
_
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deened sqbstantially equal for the infinige area substrate and the limted
area substrate. More particularly, the above-nentioned preconditions (2)
and (3) can be applied to the limted area substrate as they are. \Wen
conpared with the characteristic of the |owest order symetric (S[err])
nodé, the inclinations of the other nbdes are steep and this tendency
becones renar kalisemabllingmddbdacorathiierdes issd Fheguehayact €ohsei-c
too is retained in the limted area substrate. Based on the above-nentioned
facts (1) througmen®)ly, where the position of the additional vapor
deposition to the excitation electrode 2 for the purpose'
of frequency adjustment becomes;different, a serious |
5 problem occufs. |
The problem described can be eliminated and the
adjusting steps can be simplified by providing a rear
electrode 6 én the rear surface of the substrate, which
covers both of the excitation.electrbde_z and the
10 vibration energy absorbing porfions 4, as shown in
Fig.30b. |
Since the overtone vibrating vibrator of this in-
vention is constrﬁcted.to generaté an overtone vibration
(a high frequency Vibration) by utilizing the inherenf
15 characteristic of”the vibrator without utilizing any
special means, for example a LC tuning circuit, the fact
that the fundamentél frequency of the vibrator is high is
a desirable characteristic. Accordingly, when the elec-
trode construction just described is applied to this
20 overtone.vibrating vibrator not only the problem occurring
| &t the-time 6f adjusting ﬁhe viﬁrator characteristic can
be sqlved but also the resonance frequenc§ of the vibrator
can be increased, which are extremelj advantageous.
| In a vibrator having a single exciting electrode 2,
25 whethér the rear electrode 2' has a small area (Fig.3la)
or a large area'covéring the entire réaf surface (Fig.31b)
it is necessary to lead out a lead pattern 5. However,
_.,————//'
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constituting the prem se of the concept_ og this invention, it can be
readi |y dnderstood that the follow ng |dea can -19- be reached by addi ng
t oget her these..facts. Fig.3a through Fig.3c are sectional views show ng
t he fundanental construction of the resonator according to this |nvent|on
and cgraphs for explaining the principle of

the relative size of theé reatr electrode 2' and the lead

'pattern 5 causes an.unbalénce Of_the mechanical vibration
of tﬁe'piezoelectric'substrate. To alleviate such unbal-
ance, a balancing pattern 5a acping'as a counter balance

5 weight is added to a suitabie portion of the exciting
eleétrode. |
This construction‘can also be applied to a two port
vibrator whefein the exciting electrode is divided into a
plurality of sections or to a dual mode filter having a
'10- similar electrode construction.
Fig.32& shows the électrode construction whgn the
pfesent invention is applied to a two port vibrator or a

' dual mode filter. Fig.32b shows the electrode con=

struction when the present invention is applied to an
15 overtone vibration vibrator utiliiing the lowest.order

.asymmetrical (ao) mode vibration, and Fig.32c shows the _
electrode construction when the present invention is
applied to an overtone vibration vibrator utilizing é

- higher order symmetric (Sl) mode vibration

20

With these eleétrode constructions, the probiem of
spurioﬁs caused by the displacement of the vapor
25 deposition portion can be eliminated with'simplified
adjustment, etc;'by merely varying ﬁhe.area or thickness

of the electrode on the front or rear side of the
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this invention. As shown in Fig.3a, electypdes 2 and 2' each having a

di areter?2a are attached to both surfaces 'of the central portion of a

pi ezoel ectric substrate 1 having a thickness H for decreasing the cutoff

frequency of the central portion to [err] thereby providing a difference

([eyr] - [err]) in the cutoff frequencies between the central portion and
the surroundi NngvRBHaItRT NavinGdditiiod f Jdetuensy {erthe vieradori ons at :
which the el ectrodes 2 and 21 are attached are used as the vibration energy

entrapplng port icharadtediitic caused by the variation in the percentage

10

15

20

25

of vibration energy entrapping caused by the variation in

~ the thickness of the piezoelectric substrate, when the

vibretion frequehcy.thereof is adjﬁsted.

Moreover, as it is possible to increase the upper
limit of the frequency of the vibrator the invention can
provide a visrator having an excellent temperature charac-
teristic and capable acting as a frequency source for
various electronic apparatus and devices, the operating

frequency increasing in recent years.

APPLICABILITY TO INDUSTRY

-Since the resonator of this invention is constructed
as above described the resonator can readily generate an

overtone frequency without changing the manufacturing

steps of the prior art or without adding to the oscil-

lation circuit any specific circuit, for example, a LC
tuning circuit. Accordingly, the resonator of this
invention can be advantageously used as a frequency source
of various electronic apparatus and devices which.are |
desired to operate at higher_frequencies and to be con-
structed ae integrated clrcuits of higher densities.
Further in a conventional piezoelectric rescnator,
especially in such thickness vibration type resonator as
an AT cut quartz resonator-having an excellent temperature
characteristic, when it is desired ﬁo obtain a high’
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portions 3 and 3' not attached with elegtr%dgs are used as the vibration
enef'gy propagating portion of unwanted vigration. On the periphery of the
portions 3 and 3' are forned vibration energy absorbing el ectrodes 4 and 4"
having a cutoff frequency [err](where [err] < [err]). Wen this resonator
IS tsed as an overtone vibration resonator of the fifth order, for exanple,.

the foregoing pripegabReyeacheset Fahdahienpanc avRge iMrdtivon, biled | € s gy
entrappi ng the overtone vibration of the fundamen- tal wave (first order)
and of the thirdofrtke phesbdleetrics substrate becomes extremely small,
thus making it difficult to manufacture. However, accord- -
ihg to this invention, the resonator can be readily
5 excited at an overtone frequency so that the thickness of
the piezoelectric substrate can. be selected in a range of

-ready manufacture thereby decreasing the manufactufing

cost.

I
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smal | and that the entrapping percentage g% the overtone vibration of the
fifth and higher order should be |large. FOF this reason, as shown in

Fig.3b, the percentage [err] of -20- entrapping the vibratj
the fifth order over- tone vibrationis set to abouf‘Bﬁ@Eﬂ?BFnggenngy

carr be not ed frowrr;:;gl.:béL;:;Esn;;?ppi ng coefficient nmﬂ“\“m““ “ﬂ)“‘“\

1. An overtone vibration piezoelectric resonator

charactefized in that a portion having a cutoff f;equency
'f2 is provided on a piezoelectric substrate about_en
energy entfapping portion having a cutoff frequency f1
(where f1 < f ) so as to excite higher order mode v1bra-
tions, that among said v1bratlons, the vibration energy of
an overtone vibration of an order above n-th order over-
tone vibration is substantially entﬁapped near the peri-
phery of said energy'entrapping portion, that parameters
including the size of said energy entrapping poftion, |
percentage of frequency decrease [(fz-fl)/le and the
thickness of said piezoelectric substrate are selected
such that the vibration_energy of an overtone vibration of
less than (n-2)th order including the fundamental wave
vibration of the vibration of said mode is caused to
séread over the entire surface of said piezoelect;ic
substrate, thereby making:eesier the oscillation caused by
"said desired n-th order evertone vibration than the
vibration eaused by the overtone vibration of a lower
order including fundamental wave vibratiqn.

2. The resonator as set forth in claim 1 wherein
said energy entrapping portion comérises a single energy
entrapping portien.

3; | The resonator as set forth in claim 1 wherein

said energy entrapping portion is split into at least two
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[err] = 80%is about O 53. In the equatigy paferr]/H =na{erri(f[err]——-

flerr])/flerr] /H as n, Hand [err] are given condltlon

cal cul at e what val ue [err] shoul d be sel ected to. Wen | rl""”[ﬂﬂ'ﬁ%i’ﬂ@ﬂ
since the difference in the cutoff frequencies [err]

diréctly related to so-called plate back, and since the amount of electrode
attached sati sf \dewtidns, quantity is already known, the resonator as shown
in Fig.3a can readily be manufactured. Wen such material of hi gh bondi ng
property as - 4, The resonator according to claim 1 wherein sa1d

higher mode v1bratlon comprises a symmetrlc mode vibra-
tion.

5. The resonater as set.forth in claim 1 wherein
eaid higher.order mode vibration comprises.an asymﬁetric
mode vibration.

6. The resonator as set forth in claim 1 wherein a
vibration energy absorbing portlon having a cutoff
frequency smaller than said cutoff frequency f2 is added
to a given point near the outer periphery of seie
.piezoelectric substrate for efficiently consuming the.
vibration energy of an overtone vibration at an erder
lower than (n-2)th order eyerteﬁe vibration inciuding said
fundamentel:wave vibration to be spread oyer the entire

- surface of said substrate. |

7. The resenetor as set forth in claim 1 wherein a
resistor of a predetermined_resistance value is eonnected
across electrodes attaehed-to both surfaces hear the outer
periphery of said'piezoelectric substrate, thereby in- ”
creasing consumptien of the vibration energy spreaded over
the entire sﬁrface_of said substrate.

8. The resonator as-ser forth in claim 7 wherein
the value of the.resistor connected across electrodes
which are attached to both surfaces of said vibration
energy ebsorbing portion is made substantially equal to

-1

(wan Co) where Co represents the capacitance between
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l'ithiumniobate, lithiumtantalate or a p| zoel ectric cera gﬂ“ﬁ
the-pi ézoel ectric substrate, as an ext rem§ “smal | mﬂm‘ ﬁ‘\‘ t“ﬁ\ m‘ ode
attached results in an extremely |arge frequency decre 's advaht a-

geous to vary the el ectrode size on the assunption that *the amount of
frequency decrease has already given. The cutoff frequency [err] of the

1 Paos) T T ey s ERECREBE-BAEL, Cahat 24 e JIRNLP ST HANELR? ELlonll

as far as possi byReosth¢iseatYBR! eRBrYYy iR to be absorbed.

| 9. The resonator as éet forth in claim 7 wherein
the value of the resisﬁor-connepfed across the electrodes
atﬁached té_the opposite surfaées of said vibration energy

-1 shere

absorbing portion is made to be equal to (Zﬁfm c,)
fm represenﬁs a prédetermined frequency between a plural-
ity of overtﬁne frequencies including a fundamental wave
vibration to be absorbed.

| 10. The resonator as set forth in claim 7 wherein
-each.of the electrddes attached to both su:faces.of said
vibration energy absorbing portion is divided into a
plurality of sections and the values' of resistances
conpected'across the eleétrode sections are made to be

1 1

~substantially equgl to (annl Co) ' (ann3 c.) -==

respectively where fn1 , £ represént a fundamental

n3
frequency and a third order overtone frequency --- .

11. The resonétor as set forth in claim 1 wherein
the cutoff frequency f3 of said vibration energy absorbing
portion is smaller than that £, of said vibration energy
entfapping portion. |

12, fhe resonator as set forth in claim 1 wherein a
surface electrode of a predetermined area is attached neér
the central portion of said piezoelectric substrate and a
rear electrode having'a-larger area than said surface -
electrode is attached to the rear surface of said piezo-

electric substrate so as to decrease variation -in the

D
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vibration energy in the portions 4 and 4'. In the resomator manufactured as
above described, the vibration energies 016 the fifth, se “mm \“‘
oscillations are entrapped in the el ectrode portions as r“““E““ |

Fig. 3c, the vibration energies of the overtone vibrations of the "
fundamental wave (first order) and the

resonator characteristic caused by adjustment of the film
-thickness or the érea of the electrode.

13. The resonator as set forth in claim 12 wherein
said surfacé electrode is dividgd'into a plurality of
sections.

14. The rgspnatbr as set forth in claim 12 wherein a
balance pattern having a mass corresponding to that of a
lead pétterﬂ extending better said surféce electrode and
the periphery'of said substrate is provided for the
surface of éaid piezoelectric substrate for balancing the
vibration mode of said.vibrator.

15. An overtone oscillation piezoelectric vibrator
cha:acterized in that a thin layer portion of the same
material as a vibration medium and having a predetermined
area is provided for a predetermined portion of a vibra-
tion medium block, that'a piezoelectrié material including
an éxcitation'électrode_is attached to substantially the
center of the thin layer portion for providing a vibration
energy entrapping portion having a cufoff frequency fl’ a
vibration energy propagating portion comprising a thin
layer'portion extending between said vibration energy
eptrapping portion and said block and having a cutoff
frequency f2 and a:vibration'ehergy absorbing poftion
having a cutoff freqﬁenéy f3 and'adapted to absorb the_
vibration energy éropégated through said.propagating
pprtion (wherein f3_> f1_> f2), that the configuration of

the excitation electrode attached to the piezoelectric
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third order will not be entrapped in any %f preci abl e anmount, and these
energi es are |l eaked to the outer peri- phety

ther‘e.by c‘au5| ng the -pi ezoel ectric substrate 1OI ot C?bfg?ﬂmm“ M“ﬂﬁmm“mt

energy absorbing portions 4 and 4'. Thus the energy is converted into heat .
in these portions and dissipated, the |npedance of the | ower order overtone

oL 2 M JAMATG o6 NALLOF S EiERiL T i o o of

overtone Vi brat iaQRnime ML hddie BHFid:S, %Eé@p&?dentrapplng coefficient
na/K/H in said selected mode is selected, (where. n
represents a desired overtone o;der,'the size of said
energy entrapping portion, 4 the amoﬁnt'bf plaﬁe back, and
H the thickness of the vibration energy propagating
portion), thereby substantially entrapping the overtone
vibration enérgy of an order higher than an order of said
desired overtéhe in a portion near the periphery.of saidi
energy entrapping pdrtion and for leaking the overtone
vibration enérgy of the order lower than the overtone
vibration of said desired order through said vibration
energy prdpagating portion, and that by consuming said
vibration energy in éaid vibration energy absorbing
portion, the oscillation caused by said desired overtone
vibration éccurs easier than the oscillation éaused.by the
overtone vibration of the order lower than that of said
desired overtone vibration.

16.. The resqnator'according to élaim 15 wherein said
vibrétion_medium block is made of silicon.

17. The fesonator as set forth inlélaim 15 wﬁerein
said vibration mode block is made of quartz or glass, and
a quartz or.glass substrate is bonded to an opening formed
at a predetermined portion of said block with a bonding
'agent, and said substrate is ground to have a predeter-
mined thickness.

\
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Thi s phenonenon can readily be understoadgif -one i magi nes th -;
di stribution of the free el ectrode nounti ng portions of the m Fﬂl,ml m
mul ti node pi ezoelectric nmonoli- thic filter in which a plura
adj acent free el ectrodes-are di sposed between el ectrodes. On the ot her
- hand, the overtone vibrations of the fifth order, seventh order ...
overtone vibrations wh8se ThérEESonaenergsesearéoemhramp@daﬂmtﬁﬁawﬂexﬁxmﬂe
portions as above described, since the vibration inpedance of the fifth
order is the minsaidy vihrstiesomedénmi blogk is wadehof metal, and a
substrate made of the same metal is welded to an opéning
formed at a predetermined portion of said block, and said
substrate is ground to have a predetermined thickness.
19. The resonator accordin§ to either one of claims
15 through 19 wherein said piezoelectric material com-

prises 2 0, A0 or C4S-
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the fifth order overtone vibration is tuesgogx easy to excite. Wen the
| engths of- the vibration energy propagating portions 3 and 3' between the
vi bration energy entrapping portions .2 and 2' and the vibration energy
absorbing  -22 - portions 4 and 4' are extrenely small, a portion of the

ABSTRACT OF THE DISCLOSURE

For the purpose of utilizing.the characteristic in a
vibration energy entrapping mer.of a higher'order\symmet-
ric or asymmetric mode vibfation geneiated when a piezo-
electric resonator is excited, a portion having a cutoff
frequency f2 is provided ébout an energy entrapping
portion having-a cutoff frequency f1 (f1 < f2) for
strongiy exciiing a higher order symmetric or asymmetric
mode vibraﬁion. The size of the energylentrapping portion
(electrode), amount of plateback (fz;fl)/fz, and the
substrate thickness are selected such that the vibration
energy of the_overtone vibration of an order higher than
the n-th overtone is substantially entrapped in a pbrtion
near the periphery of the energy entrappihg portion, while
the overtone vibration énergy of an order lower than the
(n-2) th orde: and including the fundamental wave vibration

is caused to spread over the entire surface of the sub-

strate.

il



entrapped vi bration energy is consuned by the vibration energy absorbing
partions. Conversely when the lengths are too | arge, the | eakage energy
propagate wi thout any | oss, so that theoretlcally,_it can be deened that
the oscillation energy absorbing elenent/ﬁdo not present as has been

descri bed above. Accordingly, there nmust/bg3opti mum val ues for the |engths.
However, as it is difficult to qualitatively determ ne the loss, let us
determ ne the same by experi- nments. Fig. 4b shows the result of
experinments when the '
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vi bration energy propagating gap is varied at the tine of manufacturing a
guart z r'esonator having the third order overtone vibration (50 MHz). Wen

the gap (D-a) shown in Fig. 4a is too small, the inpedance for the
vi bration of the fundanmental wave (first @ dér) and that for the third
order overtone increases proportionally. ¥8rsely, when the gap is too

large, there is no difference anong the inpedances for the first and third
overtone vibrations. Consequently, it was found that it is advantageous to
sel ect a value of about 1.5 for the ratio Dia so"as to -

FIG 2 a
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give a condition under*which the third order overtone vibration is nost
easy to ‘occur. The basic principle of this invention has been descri bed
her ei nabove, actually, however, a resonag having a sinilar effect can be
‘prepared even when the principle is rmre/gég ess devi at ed. - 23 -
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More particularly, as the frequency of an oscillation circuit increases,
the gain of the anplifier decreases, the negative resistance of the circuit
varies in reverse proportion to the squé}é of the frequency. Accordingly,
it is not always true that the oscillatio@3t an overtone frequency at
whi.ch the resonator inpedance as seen fromthé side of the oscillation
circuit beconmes a mninmum is easiest. For exanple, in Fig.3b, when the
percentage T of entrapping the vibration energy of the fifth order over-

“FIG 4 a
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A '. ]
FIG 4 b
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tone vibration at a desired vibration frequency is set to a value, for
exanpl e, about 60% which is considerably |ower than 80% Qualitatively,

t he i npedance for the seventh order overtone 9ifration may be sonewhat
smal l er than the inpedance for the fifth order” @3rtone vibration. In such
a tase too, due to the characteristic of the oscillation circuit, the
oscillating circui-t does not oscillate at the seventh order overtone
frequency at which the resonator inpedance is the mninmum but at the fifth
order overtone frequency .the oscillation circuit may

FIG 5
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happen to oscillate. Accordingly, the term"desired overtone vibration"
does not* al ways nean an overtone vibration at which the resonator inpedance
as seen fromthe side of an oscillat- i@ ircuit becones mnimm Thus it
is sufficient that the inpedance at the /{é i red overtone vibration" is.
greatly snmaller than that for the |ower ordér overtone

FIG 6 b
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-24- vibration including the fundanental wave vibration. The resonator that
satisfies the conditions described above may have a plane configuration as
shown in Figs. 6a - 6¢c. Mire particularly, /ééihomm in Figs. 6a and 6b,
mai n vi brati on energy entrapping el ectrodes nd 2' are disposed at the
central portion of a piezoelectric sub- strate 1, nonel ectrode portions 3
and 3' (vibration energy propagatlng portions) are dlsposed about the

el ect r odes,

"FIG 7 a
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vibration energy absorbing electrodes 4 gnd 4' of a suitable configuration
are di sposed about the non-elec- trode p 2i ns, both electrodes 2,3
~and2' ,4' are intercon- nected by lead wire and 5' di sposed bout the
peri phery of the substrate 1, and the vibration absorbing el ectrodes 3,3
and 4 and 4' are coupled together to have the sanme potential. Thus, by
connecting the vibrators and the circlfiiGa& ahe vibration energy absorbing
el ectrode contacts, the electrodes can be utilized as tub el ectrodes so

t hat the 20 20’
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mechani cal strength of the | ead connections can be en- sured. * As shown
~in=Fig.6¢c the lead pattern extending fromthe vibration energy entrapping
portions nay be directly connected to the vibration energy absorbing '
el ectrodes 4 and 4' through the vibration energy propagating portions 3 and
3'7 Wth this construction, however, it was experi- nmentally confirned that
the desired overtone vibration ?//
23
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-25- energy too tends to slightly |leak through the | ead pat- terns 5 and
5'-"However, this construction is advantageous in that since the |ead wres
are short, not only the ohnmic | oss can be reduced, but also the position

al i gnment between the piezoelectric substrate and a vapor deposited pattern
is*not required to be accurate. Furtherfbye, it is not al ways necessary to
integrate the lead wires 5 and 5 from th@Jibration energy entrap-

| . FIG10 a :
zoj(f 40 20

. : . s \Drrn(
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FIG 10 b

FIG 10 ¢
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ping electrodes 2 and 2° with the vibration energy absorb- ing electrodes 4
and 4', ‘but instead they may be separated as shown in Fig.6d, or as shown
in Fig. 6e, the vibration energy absorbing el ectrodes 4 and 4° may be
fornmed to conpletely enclose the vibration energy entrapping portions 2 and
2' > This nodified construction increases tg onsunption of -the | eakage-
energy thereby increasing the equival ent 2/9 nce for the vibration. It
shoul d be 'understood that the construction of e resonator of this

i nvention can be nodified as-shown .in '

lFIG 11.a'

FIG 11 B
) .
o— o —o0
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FIG 12 a _FIG 12 b
™

FIG 12 ¢ - FIG 12d
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- Figs. 7a through 7f. More particularly, in the constructions shown in Figs.
7a-and 7b, the vibration energy propagating portion of the piezoelectric
substrate 1 are renoved by etching, for exanple, on both or single surface,
for increasing the cutoff frequency of ﬁ esge portions. This construction
reduces the thickness of the attached eo/pffodes whi ch not only reduces the
el ectrode vapor deposition tinme but als ent s peeling off of thick

el ect r odes.

FIG 13 a
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-26 - As the frequency is increased, the thickness of the main vibration
entrapping el ectrodes 2 and 2' becones extrenmely thin whereby the

el ectroconductivity is reduced and the performance of the electrode is

| ost. To obviate this problem the S(EIOHS of the piezoelectric substrate

corresponding to the electrodes are @tly recessed as shown in Fig.7c
for ensuring necessary el ectrode thick-

FIG 14 a
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ness. It is not always necessary to dit4ath the el ectrodes to the vibration
ener gy absorbing portions on the outer t periphery of the piezoelectric
substrate, but as shown in Fig.7d, the thickness of the substrate at that
portion is increased for consum ng unwanted vibration energy by thick end
portions 4". To attain the above gféc;gbed object, it is not always
necessary to increase the thickness o tﬂe_piezo- electric substrate 1 at
t he out er nost peri&@sry, but a
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material having a | arge acoustic |oss, for exanple, lead, tin, gold, etc.
may be attached, or organic materials 6,6' and 7,7' such as epoxy resin nay
be attached with thick filmprinting technlque or the like. As shown in
Fig.7f, a dot shaped material 8,8 and 9,9 ‘/a | arge acoustic | oss such
as "an electroconductlve bi nder may be applied 4d80 the el ectrodes 3,3 and
4,4" for-consum ng unwanted vi bration energy. The resonator can be
supported at said dot shaped material. The result of experinent nade on the
characteristics : :
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. 27 - of the resonator of this enbodinent will be described in brief. In

thi-s experiment, a resonator having a construction as shown in Fig.4 and
the fol |l ow ng speC|f|cat|on was used. Quarts (AT cut) substrate
d|a 7 mm

. o 16
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'Vi bration frequency (overtone order) 50 MHz (third order) Vibration
-entrapping portion gold electrode, filmthickness 350 el ectrode size
2mm x 2mm Gap between vi bration entrappi ngy | ectrode and absor bi ng

el ectrode . 0.5 mm Direction of é ement of vibration energy .
absor bi ng el ectrode di rection :

.FIG 19 a

4(4') 5 1 8 FIG 19 b
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In this resonator, the ClI values for the fundanental wave vibration and the
thi-d ortler overtone vibration are respectively 150[err] and 520[err],
while the C value after bonding the leaq@wire to the reSonator using an

el ectro- conductive bonding agent are resﬁwI ively 280[err] and 53[err]
whith proves the correctness of the theory F|g 8a through 8c are
sectional views show ng another fundanental construction of a resonator of
this invention utilizing the asymmetric node and a graph for explaining the
theory thereof. As shown in Fig.8a, split

FIG 21 a - FIG'2'1 b -
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el ectrodes 20,20" and 30,30" are applied to both surfaces -28- of the
central Pportion of.the plezoelectrtg ubstrate 1. Wien the resonator is
excited, an asymetric [err] vibra /d§ f the | owest order will be strongly
excited. Denoting the order of the. ov one at which the resonator is
desired to vibrate by n, where the paraneters

FIG 24
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'a and [err] are selected such that the position of the entrap- ping
coefficient (n-2) a [err]/H of the (n-2)th order shown on the absci ssa of

Fig.2b will

be positioned at a position whi ch t he percentage of the

energy entrapping of the [err] nopde cur 'S, zero that is a position at
whi*ch the entrap- ped node does . not presént> and that the position of na

Terr]/HwlI
[err]

node curve w | |

be the position at which the percentage of entrapping the
be a maxi num the vibration energy of the overtone

vi bration higher than the n-th order will be entrapped near the peripheries

of the

v

'
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split electrodes 20,20; and 30,30' as shown in Fig.8b, while the vibration

energy of the overtone vibration of lower than (n-2)th order will spread
over the entire surface of the piezoelectric substrate 1 and a substanti al
~amount of the energy will |eak and consuned t ough t he substrate

supporting portion supporting the periphery /é substrate. The vibration
energy of the overtone vibration higher than th&%n-th order and ent rapped
near the peripheries of the split electrodes 20,20 and 30,30" has a higher

FIG 27 a
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equi val ent resistance as the order of the overtone in- creases as above
descri bed, so that the resonator can . 29 - vibrate at the n-th overtone
frequency wi thout nodifying the OSC|IIZQ n circuit. Fig.8c shows a basic
method of selecting parameters where it i23desired to obtain a third order
overtone '

FIG 28 a : FIG 28 b
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vi bration resonator by utilizing an excitation of [err] node. The
percentage T of entrapping the [err] node w%ﬁr - tion energy beconmes zero
n the entrapping coefficient naferr]/H i é? s than 04 so that, for the
fupdanental wave (n=l) vibration and the thir rder (n-3) overtone vibra-
tiwn, it is sufficient to determne the paraneters a and [err] such that
alerr]/H= 0.4, and 3a/[err]/H = 1.2 The spaci ng between the split

el ectrodes may be sel ected FpGa3suat abl e val ue so Iong_a%fﬁugf éﬂrcuiting
| 2 1

FIG 32 ¢ ' ' !
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does not occur
extrenmnely small,
coupl.i ng

1607737-\ TIPS

bet ween el ectrodes. Wiere the interelec- trode spacing is

as is well known in the art, as a result tq;-
ric nmode vibration with a synmmetri @ﬂ%ﬁ-ﬁri

ei—Lhe—asynnei
whi ch ar 4 HisnAHERR AL BEER
frequenciles aref|aﬁmmated

.1s suffictemtoderiveout

cited, two types of different Vipration
However, in ghe resonator of thilk drfbbARIBM
one of the frequencies, that jslin this exa

only the resonance frequency of the asymetric node V|brﬂfion, so t hat
there is no problem
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PIEZOELECTRIC RESONATORS FOR OVERTONE OSCILLATIONS

ABSTRACT OF THE DISCLOSURE

For the purpose of utilizing the characteristic in a

vibration energy entrapping mode of a higher order symmet-

ric or asymmetric mode vibration generated when a piezo-

electric resonator is excited, a portion having a cutoff

frequency fz is provided about an energy entrapping

portion having a cutoff frequency f1 (fl < f2) for

strongly exciting a higher order symmetric or asymmetric

mode vibration.

The size of the energy entrapping portion

(electrode) , amount of plateback (fz-fl)/fz, and the

substrate thickness are selected such that the vibration

energy of the overtone vibration of an order higher than

the n-th overtone is substantially entrapped in a portion

near the periphery of the energy entrapping portion, while

the overtone vibration energy of an order lower than the

(n=-2) th order and including the fundamental wave vibration

is caused to'sPread over the entire surface of the sub-

strate.

(Figure 3a & 8a)
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PIEZOELECTRIC RESONATORS FOR O
OSCILLATIONS

Field of Art

This invention relates to a piezoelectric resonator,

and more particularly a piezoelectric resonator for

overtone oscillation capable

of oscillating at a desired

overtone freguency without rsquiring a special oscillating

circuit.

Background Art

In recent years, demand

tion and miniaturization has

for higher frequency opera-

become further increased in

electric communication apparatus and various electronic

apparatus.

To satisfy such demand, in addition to the

utilization of overtone v;brat;ons of conventlonal

piezoelectric resonator such

alastic surfagejyavé_(SAW) ;esonator.is now being used i

many fields of application.

The piézpeie&t;ic resonator is designed such that

as a quartz vibrator, an

desired output is extracted through an LC resonance

circuit that resonates to a desired overtone frequency
that a LC resonance circuit is inserted into a portion

an oscillation circuit to make the negative resistance

or
of
of

the oscillation circuit sufficiently large at a desired

overtone frequency région.

In any case, however, it is

necessary to use a .coil which is extremely inconvenient
_for the oscillation circuit to be incorporated into an

integrated circuit.

On the other hand, as is well known

in the art, the

oscillation frequency of a SAW resonator is principally

determined by

the material consy
~ REPLACEMENT SHEET

ituting a piezoelegtric
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to.,set‘large the dlafgpemince‘ i 7 t*“ﬂe per cent ages of entrap- ping the n-th
order overtone vilbr @ttorener gy an that of the order lower than (n-2)th
order,. In the aboye h 4gg7prl nci pl e of this enbodi ment has been

descri bed. Actual nator having simlar performance can be
obt ai ned even whe s noye or |less deviated. Mre
particularly, as fhe frequency of oscfTlating circuit increases, the

g?' {‘hgf C: ﬁ%ﬁ%x‘a & oAt R b2995% eS8l Rh 1! BEaRgaALRYE(1OB) Stance

electrodes formed on the surface of the piezoelectric

substrate so that not only the resonator itself can be
miniaturized but Also above described circuit problems can
be obviated. Howeﬁer, this type_of resonator is defective.
in that its frequency-temperature characteristic is much
inferior than that of an AT cut crystal resonator.

"Factory workers manutacturing crystal vibrators have noticed a
phenomenon that a crystal vibrators after oscillates in 3rd or
5th order overtones when the ratio between the length and the
width of a crystal substrate, and the ratio of the side length
with the respect to the thickness of the substrate fall within
a specified range as result of miniaturization of the crystal
substrate required for a small vibrator. To suppress such
phenomenon has been subject to be studied.

'Siehgns Patent discloses technology for utilizing this phenomenonl
so as to produce crystal vibrators for_overtone oscillation.
siemens Patent, however, is unable to éerve as a practical use
because it has several pfoblems as follows:

Considering a disc shaped substrate which is most typical shape
for vibrator substrate, the diameter of the substrate is
extremely small, merely 20-30 times of the substrate thickness,
and the diameter of the electrodes is about 50-90% of that of the
substrate. Since the distortion of the support around the
periphery of the substrate affects the oscillating portion,

there arise problems that the frequeﬁcy-temperature
characteristic becomes unstable, resonant

frequéncy varies before and after the thermo-cycle, and the

resonant frequency greatly changes with its aging."

Tthh
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varies ‘i n rever sel pgepertton hie square of the frequen- cy.
Accordingly, it i

10
. ot ‘SLD‘ﬁt}ﬁ?‘ﬂ ul| hat the vibration at an overtone
frequency at WhIC tlug ator edance as seen fromthe side of t
oscillation circuift |b ' mis the nost easy. For exanple,

Fig.8c for the purpose of manufactuf- ing the fifth order overtone
vi brati on resonat de—by—tt+17TTG t he vi bration of the | owest order

asynmetric [err] node vi eraIté' U\e&_e rl REePRRENE o are sel ect ed such t hat
prﬁéﬂgﬁ%—vréﬁag-eﬂ—eﬁefgres

t he percentages of entrap
This invention was made in view of the defects of the

prior art high frequency resonﬁtor and has an object of
providing a piezoelectfic resonator for an overtone
oscillation utilizing a vibration of a higher order
symmetrical or ésymmetrical mode, which enables oscilla-
tion of a desired overtone frequency ﬁith substantially
the same form asfthe convehtional piezoelectric resonator
so that it is not necessary to substantially change the
manufacturing steps and to add an LC resonance circuit to
the oscillation circuit.

To accomplish the object described above, the over-
tone oscillation resonator of this invention is construct-
ed as foilows:

More particularly, for the pgrbdse of utilizing the
characteristic in a vibration energy entrapping mode of a.
higher over symmetric or asymmetric mode vibration which
is generated at.the time cof exc}%ing a piezoeleptric
resonator, aécording to the overtone oscillation resonator
embodying the ihventioﬁ, a portion having a cutoff fre-
quency fz is formed arouné an energy entrapeing portion'
having a cutsff frgquency.fl (f1 < fz) on a.}iezoelectric
substrate so as to strongly excite a highér.order symme-
'tric or asymmetr;c mode vibration, thereby substantially

_entrappihé thé'vibrétioﬁ ehéf;y of an overtone v;bration
of the order higher than the n~th overtone among the

vibrations of the higher order symmetric or asymmetric

he
in

mode vibration near the energy entrapping portion, and the;

size of the enefgy entrapping portion (electrode), an

This
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of ;the' first ordef ﬁEpmggmem egHEgvav vibration) and the third order
overtone:vi brati oh pre—~poth—zero; shown in - 31 - Fig.9 the

per cent age of entfappi ripti on energy of the fifth order overtone
vibration will no ﬁr@&ﬁ%ﬂ ently large with the result that a case
may occur in which he equivalentir sisgﬁpce for the fifth order

amount of pléte back (fz - fl)/f2 and the substrate
thickness are selected such that the vibration energy of
an overtone vibration of less than n¥2 order including the
fundamentdl frequency is caused to be dispersed over the .
entire surface of the substrate.

Further, a vibration energy absorbing portion whose
‘cutoff frequency is lower than f2 is applied to a suitable
portion near the outer periphery of the piezoelectric
substrate so as to efficiently dissipate of the vibration
energy of an overtone energy of an order lower than
(n-2) th overtone vibration including the fundamental wave

vibration spreading over the entire surface of the

substrate.

A resistor having a suitable resistance value may be
connected across electrodes attached to both sides of the
piezoelectric substrate near t@g-quter periphery thereof
so as t& facilitate dissipation of the vibration energy -
spread ofer the entire surface of the substrate.

The overtone oscillation resonator according to this.
invention c;n be glso utilized a§ a resonator for a éHz
band by utiliging a cgmposite material.

More particularly, the overtone oscillation resonator
of this inventioﬁ is constructed such that a recess or

opening is formed at a proper portion of a block made of

'silicon, quartz,.glass, metal, etc., the recess or opening
is covered by a thin layer having a desired thickness and
made of £he same material as the block, and a piezoelec-
.tric portion made of 2,0, etc. and provided with appro-~

priate electrodes is applied onto the thin layer. The
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overtone vibrati :)nREIPi"AEnEMJE“ATL SrHEET t hat for the seventhTﬁxg L+ 1RY BLeh RBaced
vibration. In sughla case, wherg tihe difference between mwlm

resi stances for [hig O9 DECai97sevgnt h or der overtone vi
frequency is posEiole In view of tfhe re#atlon to the above descri bed

(‘DH

it can be considerkd that the vijprlation of the fifth ord
characteristic of—the_oscillationlircurt. However, when the difference
bet ween the eqU@w@c%&bdeeﬁbﬁtﬂﬂﬁesaétﬁaliy;fddﬂdadﬁuioxeuenthootuer overtone -

vibrations is |arge, the
piezoelectric portion) is used as the vibration energy

entrepping portion having a_cutoff frequency fl' the
interface between the periphery of the electrode portion
and the recess or opening of the block is utilized as a
vibration energy propagating portion having a cutoff
frequency f2, and the block is utilized as a vibration
energy absorbing portion having a cutoff_frequenoy f3.

The relation among the cutoff frequencies of the various
portions are made to be £y<f;, <£,, and various parameters
such as electrode size, amount of plate back etc.'are |
suitably selected in accordance with the percentage of
entrapping of the vibration energy in the vibration mode
being utilized. .

Furthermore, the invention provides an overtone
oscillation resonator-not depending upon the characteris-
tic of the osc;llat;on circuit. .

To provxde such resonator,. in the resonator of this
invention, the cutoff frequency of the absorblng energy
absorption port;on near the perlphery of the piezoelectric
-substrate is made to be smaller, preferably mncn smaller
‘than that of the vibration enerqgy entrapoing portion

attached with exc1ting electrodes.
Furthermore, the invention provides an overtone

oscillation resonator capable of conpensatxng for the.
degradation of the resonator characteristic caused by the
shift of the position of an additional vapor deposition
necessary for a fine adjustment of the osclllation fre-
quency, greatly decreasing the influence upon the

resonator characteristics caused by the difference in the



osci | l'ating circhi REPTACERMENT |SHEEE bt the frequency of the seventh order
overtone: I n order e+d-t-h-5y unst ability, the percentage of entrapping

the third order ¢pvertone vibratipn| energy is nade to be slightly |arger
than zero, and the|p&eOR@dW7oi{ ehtrapping the fifth order overtone

vi bration energyli g selected suc hat %ﬂe equi val ent resistance for a
desired fifth orgler overtone vibrajion Décones extrenely smaller than that
for the third orl . ' .ion and that the equival ent resistance
i s slightly hthheknesgof Hete fRiezoelectric substrate, and greatly

increasing the upper limit of the resonance frequency.

o)

For this reason, in the resonator of this invention,
the electrode area on the rear surface is made to be
larger than the area corresponding to the electrode on the

front surface.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

Fig.la is a diagrammatic sectional view of a piezo-
electric substrate useful to explain the concept of
this invention; | o

Fig.1lb shows vibration spectra in thé symmetric and
asymmetric modes; .

Fig.2a is-a model of-.a substrate for proving the fact
that the vibration spectra hold even on a substrate of a
limited area;

Fig.2b are graphs showing the result of theoretical
analysis}

Fig.3a is a sectional view showing the basic con--
struction of one embodiment of the resonator according to
this invention; _ '

. Fig.3b is a éraph showing the method of setting
pérametérs;

Fig.3c is a graph showing vibration energf dis-
tributions;

?ig.4a and 4b are ‘sectional views and graphs showing

the result of experiment for determining the size of a gap

at the vibration energy propagating portion; .
This Sheet Has Been Replaced




of the order

.the seventh order REBLACEMENT SPEET dn. 1t shoul d be noted that, in this
I nvention, i

is hol always necessdqry to nake the vibration energy of an
32 - tpne giHpgED W7(iingl udi ng the fundanental wave vibration)
[

| owel

-7-

Fig.5 is a graﬁh for explaining the relationship

among the impedance and the negative resistance of the

han the order} df the overtone desired to vibration to
be a perfectly no} entrapped-mode.

‘oscillation circuit at respective overtone frequencies of

the resonator;

Fig.fa is plan view showing one embodiment of the
resonator according'to this invention;

Fig.6b is a side view of the resonator shown in
Fig.6a; |

Figs. 6c - 6e are plan views showing resonators
having different plan configurations;

Figs. 7a through 7f are sectional views showing
different sectional configurations of the resonator
embodying tﬂe invention;

Fig.sa is a sectional view showing the basic con-
struction of another embodiment of the overtone oscil-
lation resonator according to this invention; '

Fig.8b shows a vibration energy distribution in
various vibfation modes generated by the resonator shown
in Fig.8a; ) |

Fig.8c is a graph for explaining Ehe.Besic methoe pf
selecting verious pe;ameters of the resonatori

..Fig.9 is a graph for explaining anogher_ﬁethbd of
setting parametefs hecessary for cohstitetingdan-overtane
oscillation resonator embodying the invention.

‘Fig.IOa shows a charge distribution generated by a
resonator utilizing an asymmetric mode"oscil;etion of the'
lowest order; '

Fig.10b shows a series connection of the electrodes;

This Sheet Has Been Re’p
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“In the foregoing,ft EPLiACnE\MEM ﬁﬁE 4 descri bed by taking a case utilizin

d g
the | owest order fagymetric [err]l fode vi bration as an tdias e s
a and- [err] can He |seO&DEB W87t e |sane manner as a case Iﬂ iffher
order asymetric de ([err]...){ Yibration or a higher

node ([err] ...) jvibration. Having conplgﬁed t he description of the basic

concept of this adinent, the comcrete~el ectrode connection and wirings,
necessary for manufgst Wig e SORakR112L LBhReHENId Pk ldrele described

in detail as follo
trodes;

Fig.lla and 11b shows examples of the series con-
nection and parallel connection of the electrodes of a
régonatormﬁfilizing a §; mode oscillation; |

Fig.l2a and 12b are perspective views showing series
connection énd a parallel connection of the electrode |
divided into two.sections;

Fig.lzc and 12d are perspective views showing a
series conhection and a parallel connection of the elec-
trode divided into three.sections;

Fig.lBg-thrcugh fig.1l3c are sectional views showing.
different constructions of the vibration energy abéorbing.
portion;

Fig.l4a and 14b are plan views showing the ponst- -
ructions of the resonators utilized for the confirmation

_ experiments of this invention in which Fig.l4a shows a
resonator not provided Qith a vibration energy absorbing
portion, an@.Fig.14b shows a resonator provided with a

:vibratioh éﬁergy absorbing portion;. |

Figs.15a and 15b are graphs showing thé results of
experiments showing the characteristics of the resonators
respectiﬁely-shown in Fig.l4a and FigL;4bi.

. Fig.16a through 16d.are sectional views showing
different constructions of the resonators gmbodying the

invention; - .
Fig.17 is a sectional view showing the basic con-

struction of the other embodiment of the overtone oscil-

lation piezoelectric resonator according to this inven-
tion; '

Fig.18 is a plan view showing the basic principle of



An el ectrode of a conventional resonator is required to be arranged for
efficiently deriving out the charge created by the displacement of the

pi ezoel ectric e~consequence, in the resonator of this
i nvention t oo, WEP@@M@@TS%E& Ttlo coincide the nunber and positions of the
hills or valle :Eof the chargg dgenerated by the vibration node utilized

wi th those of % peceigeyt riode, and to_interconnect such that the
char ges gener respecti e el ect ro8es mnll not cancel with each other.

a resonator in which there are a plur;lity of overtone
vibrations, the vibration energies thereof are to be
absorbed;

Fig.l19a is a plan view shoying another embsdiment of
this invention;

Fig.19b is a sectiénal view taken along a line A=A in
Fig.l9a; |

Fig.20 is a plan view.shbwing still another e@bodi-
ment of this invention;

Fig.2la is ; sectional view showing the other embodi-
ment of the overténe oscillation piezoelectric resonator
according to this invention;

Pig.21b is a plan viéw.of the embodiment shown in -
Fig.2la;

Fzg.22 and 23 are sectional views showing the other
embodiments of this invention; - _' _

Fig.24 is a graph showing the relationship between
the resonator impedance and the characteristic of the
oscillation circuit of overtone frequencies of fespeétive-
orders of the resonator_emquying the invention;

Fig.25 is a plan view of a resonaéor utilized for
the exﬁeriment made for investigating the f£ilm thickness
ratio of the vibration energy absorbing porﬁion: .

Fig.26 is a graph shoyiné the result of experiment
for investigating a CI value regarding an overtone oscil- .
lation of an order at which oscillation is desired for a

£ilm thickness ratio of the vibration energy absorbing
o e TR TROREEeR S
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Where the vi brjatRESRAGEMENe SHEERdt or der asynmetric [err] node is to be
utilized, as s Ogn In Frg.10a;] gplit el ectrodes 20,20' and 30,30' are

attached to th o pgpdgopar; qurfaces of the piezoelectric substrate 1
for gener- ating electjrijc charge having a | evel as shown in Fig.10b
and the el ectrjodes—are—eonneeted in sqpies as shown in

portion and the CI vaiﬁé of the overtone vibration of a
lower order to be suppressed;

Fig.27a through 27c¢ are sectional views showing
di@ferent constructions of the_yibration energy absorbing
portion;

Figs.28a and 28b show different electrode construc-
tions according to this.inventions;'

Fig.29a.and 29b are sectional views for explaining
the fact that the characteristic does not vary even when
the frequency is adjusted where the size of the piezo-
electric substrate of the resonator of this invention
varies;

Fig.30a and 30b are front and rear views of an
overtone oscillation piezoelectric oscillator of one
embodiment of this invegtioh;

Fig.3la and 31b are ﬁlan views showing different electrode
construcﬁions utilized in the embodiment shown in Figs.30a
-and 30b; and '

Fig.32a through 32c are sectional views respectively
showing a two port oscillator or a dual mode filter, an
overtone oscillﬁtor utilizing .an asymmetric (ao) mode
oscillation at the loﬁest or&ér, and an overtone oscil-
lator utilizing a symmetrzc (s ) mode oscillation of the

highest order.

PREFERRED EMBODIMENTS OF THE INVENTION

In the following, the theory of this invention and

This Sheet Has Been Rep
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Fig.10b or in parallel as shown in Fig.10c. Since the inpedance of the
paral | ek connection is 1/4 of that of the series connection, where it is
deSired to decrease the parallel resistance, parall el connection is

preferred. The spurious of a resonator utilizing a spIJlmt/_El/ect,Ladefwi’l’l/ﬁow
be consi dered: W—uf-r-l-r-z-ed vi brgpion node is a er order
symetric ([err] DAGKMENT SHEEE! pctrical |y asymmetric m“ lme

will not be excit¢d, whil'e Wierp fhe vibration of a higgm‘\ £ric

node is to be ufi '@@DE@Wynm'rIELAIMS

o

What is claimed is:

1. An overtone oscillation piezoelectric resonator

including a piezoelectric substrate which comprises:

a vibration energy entrappmg pomon having a cutoff
frequency f1;

a portion having a cutoff frequency f; (where f1 <f)
and being provided around said vibration energy
entrapping portion so as to strongly excite every
order of overtone vibrations on a harmonic mode
or on a specific anharmonic mode; and

at lease one vibration energy absorbing area having a
cutoff frequency f3 (where f3f3), said vibration en-
ergy absorbing area being spaced from said energy
entrapping portion by a gap of a predetermined
distance and extending substantially to an edge of
said piezoelectric substrate, said gap constituting a
vibration energy propagating. portion,

wherein the thickness of said piezoelectric substrate,
amount of plate back defined by (f;—fi)/f and the
size of said vibration energy entrapping portion are
determined such that the vibration energy of over-
tone vibrations whose orders are equal to or higher
than n-th order which is strongly excited is substan-
tially entrapped within said vibration -energy en-
trapping portion and its periphery while the vibra-
tion energy of overtone vibrations of (n—2)th
order or lower order including the fundamental
vibration is caused to spread over the entire body
of said piezoelectric substrate, the width of said gap
between said vibration energy entrapping portion
and said vibration energy absorbing area being

This Sheet Has Been Repl
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node will not be excited. However, due to manufacturing errors of the
resonator, sone other nodes are actually excited. Among the vibration nodes
utilized, a nodgaf differ- der, for exanple, a2 node with respect to

a node will be memm‘ﬁ-t d. In the forner case, however, the

response i s i nhgr | and in the latt m nse i s
al so smal | becajs o | |el I_s66)[ yal | eys oﬂlllm ﬂHz Hllﬁmi harge

pattern does no

such that substantially all of said entrapped vibra-
tion energy is unleaked to said energy absorbing
area, and a great deal of said spread vibration-en-
ergy is absorbed through said vibration energy
absorbing area, thereby making easier oscillation
caused by said n-th overtone vibration than oscilla-
tion caused by overtone vibrations of (n-2)th order
or lower order including the fundamental vibra-
tion. :

2. The resonator as set forth in claim 1 wherein said
vibration energy entrapping portion comprises a single
energy entrapping portion.

3. The resonator as set forth in claim 1 wherein said
vibration energy entrapping portion is split into at least
two sections.

. 4. The resonator according to claim 3 wherein said
vibration energy entrapping portion excites higher or-
ders of the symmetric (anharmomc) mode vibratior.

5. The resonator as set forth in claim 3 wherein said
vibration energy entrapping portion excites the asym-
metric (anharmonic) mode vibration.

' 6. The resonator as set forth in claim 1 wherein a
resistor of a predetermined resistance value is con-
nected across electrodes attached to opposing surfaces
of said vibration energy absorbing area, thereby increas-
ing consumption of the vibration energy spread over
the entire body of said substrate.

7. The resonator as set forth in claim 6 wherein the
value of said resistor connected across said electrodes is
made substantially equal to (2mf, Co)—! where C, repre-
sents capacitance between said electrodes, and f, repre-
sents an overtone frequency whose vibration energy is
to be absorbed. -
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el ectrode division pattern so that the response is also small. In any case,
the spurious caused by these facts does not reach a | evel causing a

trouble. For the sake of reference,

split into three
Figs.1la and 11b

REPLACEMENT SHEET |

met hods of connectin

i zi ng the [err]wpgﬂom in
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8. The resonator as set forth in claim 6 wherein the
value of said resistor connected across said electrodes is
made to be substantially equal to (27f, C,)—! where f
represents a predetermined frequency which takes a
value between a plurality of overtone frequencies in-
cluding a fundamental frequency to be absorbed.

9. The resonator as set forth in claim 6 wherein said
electrodes attached to both surfaces of said vibration
energy absorbing area are divided into a plurality of
. sections and the values of resistances connected across
" the electrode sections are made to be substantially equal
~ to 2mfx1 Co)—!, (2mfa3 Co)—!---respectively where fa1,
f.3 — represent a fundamental frequency and a third
order overtone frequency --—.

10. The resonator as set forth in claim 1 wherein the
cutoff frequency fj of said vibration energy absorbing
area is smaller than that f; of saxd vibration energy en-
trapping portxon. -

11. The resonator as set forth in claim 1 wherein a
surface electrode of said vibration energy entrapping
portion is attached to said piezoelectric substrate and a
rear electrode having a larger area than said surface
electrode is attached to the rear surface of said piezo-
electric substrate so as to decrease variation in the reso-
nator characteristics caused by adjustment of the film

thickness or the area of the electrode.

This Sheet Has Been Rei aced




Exanpl es of the wiring pattern to be formed on the piezoelectric substrate
of a resonator trode split into two or nore sections are
shown in Figs. ]2RERUACEMENT BREETF|gs. 12a and 12b Show exanpl es of Series

and parallel copn¢CtTonNs O tectrode split inti i I ile
Figs. 12c and 12djs sjo} series and paral mlnﬁmnﬁuﬂﬂﬂg f the
el ectrode split{i tgﬁ)g@mﬁs Where_j he w ring patteer ms

are made around |t ' plezoel etiric substrate a conduct or
pattern is vapo dep05|ted on edgg too or an

12. The resonator as set forth in claim 11 wherein said
surface electrode is divided into a plurality of sections.

13. The resonator as set forth in claim 11 wherein a
balance pattern having a mass corresponding to that of
'a lead pattern extending between said surface electrode
and the periphery of said substrate is provided for the
surface of said piezoelectric substrate for balancing the
vibration of said resonator.

14. The resonator as set forth in claim 2 wherein said
‘vibration energy entrapping portion excites the lowest
ordet of the symmetric (harmonic) mode vibration.

15. An overtone oscillation piezoelectric resonator
comprising:

a block made of a vibration medium, and havmg a

~ cutoff. frequency f3;

a thin layer portion made of the same material as said
vibration medium, and provided at a predeter-
mined portion of said block;

a piezoelectric material portion including an excita-
tion electrode attached to substantially the center
of the thin layer pOI'thﬂ, for providing a vibration
energy entrapping portion having a cutoff fre-
quency fi (where fi=f3), a part of said thin layer
portion extendmg between said vibration energy
enttappmg portion and said part serving as a vibra-
tion energy propagating portion having a cutoff
frequency f; (where f3> f1), said block serving as a
vibration energy absorbing area having a cutoff
frequency f3 and adapted to absorb vibration en-
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el ectroconductive point or bonding agent is coated for in- terconnecting

the patterns on t
c
vi bration of the

enbodi nent is

t he fundament al

of the piezoelec
t hrough portions
resonat or suppor

nSEPLAGEMENT 0SKEETS

f
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provided for the}end of the piezoel ec-

ergy propagated through said vibration energy
propagating portion;

wherein configuration of said excitation electrode is

determined so as to strongly excite every order of
overtone vibrations on a harmonic mode or on a
specific anharmonic mode, and an entrapping coef-
ficient n aVA/H in said strongly excited mode
(where “n” represents a desired harmonic overtone
order, “a” the size of said energy entrapping por-
tion, “A” the amount of plate back defined by
(f—f1)/f2 and “H” the thickness of the vibration
energy propagating portion) is determined such
that substantially all of the vibration energy of
overtone vibrations whose orders are equal to or
higher than n-th order is entrapped within said
vibration energy entrapping portion and its periph-
ery while leaking the vibration energy of overtone
vibrations whose orders are lower than said n-th
order via said vibration energy propagating por-
tion so as to consume the vibration energy through
said vibration energy absorbing area, thereby en-

hancing oscillation caused by the n-th overtone

vibration more than oscillation caused by overtone
vibrations lower than the n-th order including the

fundamental vibration.

16. The resonator according to claim 15 wherein said
vibration medium is silicon.

17. The resonator as set forth in claim 15 wherein said
block is made of quartz or glass, and a quartz or glass
substrate is bonded to an opening formed at a predeter-
mined portion of said block with a bonding agent, and
said substrate is ground to have a predetermined thick-

ness.
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tric‘substrate as described before. However, it is very inportant to
consune“the | eakage energy effectively in order to increase the equivalent

resi‘stance of the vibration. For this purpose, a plural- ity of vibration
ener gy absorbing portions 60 haV|ng an extrenely smal | cut of f ency f3
are provided on a - 35-
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18. The resonator as set forth in claim 15 wherein said
vibration medium is metal, and a substrate made of the
same metal is attached to an opening formed at a predc-
termined portion of said block, and said substrate is

- ground to have a predetermined thickness.
19. The resonator according to claim 14 wherein said

piezoelectric material comprises Z,0, AIN, or CzS.
* $ ] * *
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OSCILLATIONS

- determined by

overtone frequehcy region. -

Field of Art

This invention relates to a piezoelectric resonator,
and more particularly a piezoelectric resonator for
overtone oscillatioﬁ capable of oscillating at a desired
overtone freéuency without rééuiring a special oscillating

circuit,

Background Art

In recent years, demarid for higher frequency opera-
tion and miniaturization has become further'ihcreased in
electric communication apparatus apd'rarious'electronic
appardtus. To satisfy such demand, in addition to the
utilization of overtone vibrations of conventiohal
piezocelectric: resonator such as a quartz vibrator, an
elastic surface wave (SAW) resonator is now being used in
many fields of applacaezon. )

.The pierbeieétric resonator is designed such that a
desired output is extracted through an LC resoﬁance
circuit that resonatés to a desired overtone frequency or
that a LC resonance.circuit is inserted into a portion of
an oseiliation-circuit to make the negative resistance of
the oscillaeion circuit surficiently large at a desired

In any case, however, it is

necessary to use a .coil which is extremely inconvenient
for the oscillation circuit to be incorporated into an

Lnteqrated circuit.

On the other hand, as is well known in the art, the

oscillation frequency of a SAW resonator is principally

L.tuting a pxezoelectric
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Al though the cutoff frequency f3 of the energy ab ORBPM%EH@N!i
equal to or less than [err], it is preferable to iln € or decr
‘as to maxin ze the consunption of undesired vibrat}y gn ggﬁbqy MO8t
portion., Further, in order to positively consune thejl age enerqy,
conductor filns 8 nmay be attached at appropriate positd - e frpnt and
back surfaces of the edge portion of the pLezoel ec§ric substrate 1 th
resistors 9 connecting therebetween as shown in Fi ¢g—4%8C The

substrate, and the pitch of interdegital transducer (IDT)

electrddés formed on the surface of the piezoelectric
substrate so that not only the resonator itself can be
miniaturized but élso above described circuit problems can
be obviated. However, this type of resonator is defective.
in that its frequency-temperature;characteristic is much
inferior than that of an AT cut crystal resonator.

“Faétory workers manutacturing crystal'vibrators have noticed a
phenomenon that a crystal vibrators after oscillates in 3rd or
Sth order overtones when the ratio between the lengﬁh and the
width of a crystal substrate, and the ratio of the side length
with the respect to the thickngss.of the substrate fall within
a specified range as result of miniaturization of the crystal
substrate required for a small vibrator. To suppress such
phenomenon has been subject to be studied.
-§;§mgg§_g§;gg§ discloses technology for utilizing this phenomenon'
so as to produce crystal vibrators for overtone oscillationm.
siemens Patent, however, is unable to éérve as a practical use
because it has several problems as follows: _
Considering a disc shaped substrate which is most ;ypiéal shape
for vibrator substrate, the diameter of ﬁhe substrate is
extremely small, merely 20-30 times of the substrate thickness,
aﬁd the diameter of the electrodes is about 50-90% of that of the
substrate. Since the distortion of the support around the
periphery of the substrate affects the oscillating portion,
there arise problems that the frequedcy-temperature
characteristic becomes unstable, resonant

frequency varies before and after the thermo-cycle, and the

resonant frequency greatly changes with its aging.”



resi stance value r of the resistors can be basically deteired—as—iot ?T‘

r = [err] where [err] : frequency of vibrationto b Bémt\fémlﬂ’ﬁg

heat C0O :  capacitance between the conductor fllns prowiﬁed”vﬁ“ffonf amd }

back surfaces. 12 0CT W98 ‘
-3- e

DISCLOSURE OF THE INVENTION

This invention was made in view of the defects of the
prior art high frequency reson;tor and has an object of
providing a piezoelecﬁfic resonafor for an overtone
oscillation utilizing a vibration of a higher order
symmetiical or ésymgetrical mode, which enables oscilla-
tion of a desired overtone frequency Qith substantially
‘the same form asfthe convehtional piezoelectric resonatér
so that it is not necessary to substantially c@ange the
manufacturing steps and to add an LC resonance circuit to -
the oscillation cirzcuit..

To accomplish the object described aBove.“the_over~
tone oscillatign resonator of-this invention is construct-
ed as foi;owsz

More particularly, for the pgféoée of utilizing the
characteristic in a vibration energy entrapping mode of a.
higher over symmetric or asymmetric mode vibration which
is generated at.the time of exci&ing a piezoeleptric
resonator, aécording to the overtone oscillatioﬁ resonator
embodying tﬁe inventioﬁ, a portion having a cutoff fre-
quency fz 1s formed around an energy entrapp;ng portion
having a cutoff frequency fl (£, < £, ) on a piezoelectric
substrate so as to strongly excite a higher.order symme-
tric or asymmetr;c mode vibration, thereby substantiali}'

_entrapping the vibration energy of an overtone vibration
of the order higher than the n-th overtone among the
vibrations of the higher order symmetric or asymmetric
mode vibration near the-energy entrapping portion, and the

size of the eneégy entrapping portion (electrode), an



_ 36- \Wen there are a plurality of vibration ffeaﬂamgres"mhﬂE rergy i's
to be. absorbed, a plurality of different resistPr {2[err]) - - [err]
Al

can be applied to the periphery of the resonatof. tﬁgﬂﬁllve|y, a
resistors of [err] may be applied where [err] rgp eé B8rean val ue of

[err] The resistor is not necessarily to be linjt that utilized to
construct an electronic circuit. For exasple, the resistor nmay take the
formof a coating of an el ectro- .

amount of plate back (f - 'fl)/f2 and the substrate

- thickness are selected such that the vibration energy of
an overtone vibration of less than néz order ;ncluding the
fundamental frequency is caused to be dispersed over the .
entire surface of the substrate,

Further, a vibration energy absorbing portion whose
‘cutoff frequency is lower than f is applied to a suztable
portion near the outer periphery of the piezoelectric
substrate so as to efficiently dissipate of the v;bratxon
energy of an overtone energy of an order lower than
(n-2) th overtone vibration including the fundamental wave

vibration spreading over the entire surface of the

eubstrate.

A resistor having a suitable resistance value may be
connected across electrodes attached to both sides of the
piezoelectric substrate ﬁear-the‘quter periphery thereof
so as te facilitate dissipation of the vibration energy
spread oeer the entire surface of the substrate.
invention can be also utilized as a resonator for a GHz
band by ut;lxz;ng a cemposite materxal.

More particularly, the overtone oscillation resonator
of this invention is constructed such that a recess of

'opening is formed at a proper portion of a block made of
silicon, quartz, glass, metal, etc., the recess or opening

is covered by a thin layer having a desired thickness and
made of the same material as the block, and a piezoelec-
tric portion made of 2,0, etc. and provided with appro-

priate electrodes is applied onto the thin layex. The



.conductive bonding agent for fixing the support %FiéCBBHMéﬁHESB4I quartz
vibrator. This neasure is advantage- ous in that{it can be usé&d w thout
affecting the produc- tivity of the resonator.'TM)fb S foR constructions
of the overtone vibration resonator utilizing h |ower order asynmetric
[err] node vibration and manufactured based on} t re—pri-Ret-pl-e -de-: scri bed

above and their

a plan view of a basic third order

characteristics will be dgrscriped hereunder. Fig. 14a shows

electrode portion (actually, contact portion to the

‘piezoelectric portion) is used as the vibration energy
entrapping portion having a cutoff frequency fi; the
interface ;etween the periphery of ‘the electrode portion
and the recess or opening of the block is utilized as a
vibration energy propagating portion having a cutoff
frequency £,, and the block is utilized as a vibration
energy absorbing portion having a cutoff_frequenoy f3.
The relation among the cutoff frequencies of the various
‘portions are made to be £,<£, <£,, and various parameters
fsoch as electrode size, amount of plate back eto.'are
suitably selected in accordance with the percentage of
entrapping of the vibration energy in the vibration mode
being utilized. ‘ |

Furthermore, the inventzon provides an overtone
oscrllatron resonator not depend;ng upon the characteris-
tic of the oscillation circuit. '

To protide such resonator,. in the.resonator of this
inventlon, the cutoff frequency of the absorbing energy
absorption portion near the periphery of the pieroelectrio

:substrate is made to be smaller, preferably much smaller

‘than that of the vibration energy entrapoing portion

attached with excxting electrodes.
Furthermore, the invention provides an overtone

oscillation resonator capable of cogpensating for the
degradation of the resonator characteristio caused by the
shift of the position of an additional vapor deposition
neoessary for a fine adjustment of the oscillation fre-

quency, greatly decreasing the influence upon the

resonator characteristics caused by the difference in the



overtone vibration resonator not provided with a vibration e

portion according to this invention. As sho
the main electrode 20 and 20" split into t S
center of a circular quarts substrate for cophn ctin% inﬁﬁgra

N REP R@tmmesumv!

and rear el ectrodes having the same construc i 42
ener gy absorbing portions 60 -6-

thickness of the piezoelectric

rgy absorbi ng
ed out from
ded at the
el, the front

Hh, vibration

~xagrEatly

increasing the upper limit of the resonance frequency.

For this reason, in the resonator of this invention,

' the electrode area on the rear surface is made to be

larger than the area corresponding to the electrode on the

front surface.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings: .

Fig.la is a diagrammatic sectional view of a piezo-

electric substrate useful to exglain the concept of

this invention;

Fig:1lb shows vibration spectra in the'symmetric and

asymmetric modes;

Fig.2a is-a model of.a substrate for pro#@ng the fact

that the vibration'Spect;a hold even on a substrate of a

limited area;

Fig.2b are graphs showing the result of theoretical

analysis}

- Fig.3a is a sectional view showing the basic con--

struction of one embodiment of the resonator according to ‘

'this invention;

_ Fig.3b is a graph showing the method of setting

parametérs:

Fig.3c is a graph showing vibration energy dis-

tribhtions;

?ig.4a and 4b are -sectional views and graphs showing

the result of experiment for determining the size of a gap

at the vibration energy propagating portion;



- 37 - are provided for the outer periphery of
results of nmeasurenent of the characteristics bf these L&D p
resonators show that, in the former, the C valugs b2 qu

REPLACEMENT SHEET

{ rate. The
bst of
H prder and

the first order (fundanmental wave) overtone fr¢q ngL§§_ng*1Q[e'r] and

175[err] respectively. Wen a small quantity off an el ectrocond

bondi ng agent as applied these val ues beqone 723{e+ii—aite—380tett-

respectively which proves the correctness of the

uct tive

Fig.5 is a graph for explaining the relationship

- among the impedance and the negative resistance of the

‘oscillation circuit at respective overtone frequencies of

the resonator;

Fig.fa is plan view showing one embodiment of the

resonator according to this invention:'
Fig.6b is a side view of the resonator shown

Fig.6a;

in

_Figs. 6c - 6e are plan views showing resonators

having different plan configurations;

Figs. 7a through 7f are sectional views showing

different sectional configurations of the resonator

embodying the inventions

Fig 8a is a sectional view showing the basic

con-

struction of another embodiment of the overtone oscil-

lation resonator according to this invention-

Fig.8b shows a vibration energy distribution

in

various vibration modes generated by the resonator shown

in Fig.8a;

Fig.8c is a graph for explaining the_oasic methoa of

selecting various parameters'of the-resonatofi:

Fig.s ‘is a graph for explaining another method of

setting parameters necessary for constituting an overtone

oscillation resonator embodying the invention.

‘Fig 10a shows a charge distribution generated by a

resonator utilizing an asymmetric mode’ oscillation of the

lowest order;

Fig.lOb shows a series connection of the electrodes;



ACPLAGEMENT SHFEET f

‘theory of this invention. The Cl values of thejthird order and the first
order (fundanental wave) overtone frequencies are 4% ggy md 250[ err]
respectively. Where an el ectroconductive bondi gjagent I's applied to the
hol der of the quartz substrate, these val ues become~65fefr+t-and :1330[ err]
respectively, thus confirm ng the effectjgvenesgs of the vibration energy
absorbing portion. In the resonator shown in Fig.14a, when the quartz

substrate hol der ispiqx@ft Rhdwit aCpaThl 262 OYMELELIOUE the elec-

trodes;

Fig.1la and 11b shows examples of the series con-

nection and parallei connection of the electrodes of a

resonator utilizing a Si mode oscillation;

" FPig.l2a and 12b are perspe;tive views showing éeries
connection and a parallel connection of the electrode
divided into two sectionms; -

Fig.l2c and 12d are perspective views showing a
series conhection and ;-pgrallel éonnection of the élec-
trode divided into three-sections;

Fig.1l3a. through fig.1l3c are sectional views showing'
different constructions of the vibration energy absorbin§
portion; | :

Fig.l4a and 14b are plan views showing the Fohst—.

~ructions of the resonators utilized for the confirmation
experiments of this invention in which Fig.l4a shows a
resonator not provided with a vibration energy absorbing
portioﬁfmhng.rig.i4b shows a resonator provided with a
zvihratioh éﬁe:gy absorbing por%ion;.. .

Figs.l5a and 15b.§:e graphs showing ‘the results of
experiménts showing the characteristics of the resonato:s-
respectively shown in fig.14a and Fig.l4b;

Fig.16a through 16d.are sectional views showing
aifferent constructions of the resonators gmbodying the

invention; _ :
Fig.17 is a sectional view showing the basic con-

struction of the other embodiment of the overtone oscilf '

lation piezoelectric resonator according to this inven-
tion;

, Pig.ia is a plan view showing the basic princ#ple of



agent and then the electrode filmthickness is varied. The difference
between the CI values at the third order and the ILUIe
frequenci es decrease as shown in Fig.15a. This ne néﬁhﬁ@FMF&T
construction shown in Fig.12a, when [err] is caus¢djto vary depeﬁﬂlng upon
the el ectrode filmthickness and both of the firsy ¢rdep gow19ese th rd
order overtone vibrations are entrapped, the diffgrénce in the CL val ues
decreases. Consequently, it will be cleay_that T e

a resonator in which there are a plurality of overtone
vibrations, the vibration eﬁeégies thereof are to be
absorbed; _

_ ' Fig.19a is a plan view shcying another embodiment of
this invent;ong '_

Fig.19b is a sectional view taken along a line A-A in
Fig.19a; |

Fig.20 is a plan view showing still anogher embodi-
ment of this invention; -

Fig.2la is ; sectional view showing the other embodi-
ment of the overténe csciilation piezoelectric resonator
according to this invention;

?;g.Zlb is a plan viéw.of the embodxment shown in -
Fig.Zla,

rig.zz and 23 are sectional views showing the other
embodiments of this invention; - .

Pig.24 is a graph showing the relationship between
the resonator impedance and the characteristic of the
oscillation circuit of overtone frequencies of Eespective
orders of the resonator embodying the invention;

Fig.25 is a plan view of a resonator utilized for
the expe:iment made for investigating the £ilm thickness
ratio.of the vibration energy absorbing portion; )

Fig.26 is a graph shgyiné the result of experiment
for investigatihg a2 CI value regarding an overtone oscil-
lation of an order at which oscillation is desired for a

£film thickness.ratio of the vibfation energy absorbing



-38- various paraneters including the electrode fJT uld be
set to maintain sufficiently large the differ- enfge q

val ues. Fig.15b shows the variation in the Cl val pep at the firstf grder and
third order overtone frequenci es where the gap be}weer 2 IQETe1998t i jng

el ectrode and the energy absorb- ing portion of a €

the vibration

-

n
esonat or provijddd with

-10-

portion and the CI vaiue of the overtone vibration of =
lower order to be suppressed;

Fig.27a throuéh 27c are sectional views showlng
diﬁferent constructions of the.yibraﬁion energy absorbing
portioms _

Figs.28a and 28b show different electrodé construc-
tions accorfing to.this inventionms;

. Fi§.29aiand 29b are sectional views for explaining .
the fact that the characteristic does not vary even when
the frequency is adjusted where the size of the piezo-
electric substrate'cg the resonator of this invention
varies; |

Fig.30a and 30b are front and rear views of an
overtone oscillation piezoelect:ic oscillator of one
embodiment of this invention; - |

Fig.3la and 31b are plan views showing different electrode
cons::uctions utilized in the embodiment shown in Figs.30a
-and 30b; and . o

' Fig.32a through 32c.aré sggtional views respectively
showing a two port oscillator or a dual mode filter, an
overtone oscill;for utilizing .an #symmetric (a,) mode
‘oscillation at the loﬁest order, and an overtone oscil-
lator utilizing a symmetric (sl) mode oscillation of the
highest order.

PREFERRED EMBODIMENTS OF THE INVENTION
In the following, the theory of this invention and



ener gy absorbing portions shown in Fig.14b is varied. As can be noted, as
the gap increases, the |eaked vibration energy g '
(fundanental wave) frequency is not sufficientl
absorbing portions thus decreasing the effect thefeof. Accordi
essential to set the gap between the energy absprpi |
exciting electrode to an optinun1va1UbT Si nce thejconstruction pf}the
resonator of this invention varies dependi ng uppni-veartotts- '

the embodiments shown in the drawings will be described.

Prior to the‘description of the preferred embodi-
ments, the theory of this invention will firstly be
.described to have better undgrsgandiné of the inventien.

| The facts on which the inventive concept is based are
as follows.

(1) The theory of entrapping energy by Schockley and
other sciehtists is a pure elastic analysis in which among
various waves, a SH wave is analyzed. As the vibration-
medium, metal, guérti lithium tantalate, lithium neobate,
"or a dense material.such-as piezoelectric ceramic is-
egployed. Even when the vibration energy propagation-
direction and the order of the overtone are different for
all vibration modes including a thickness slip, a
thickness twist, and thickness longitudinal, etc., it has
been known that this theory is applicable for the quglitai
tive performance.

(2) According to the energy entrapping theory of
Schockley, where a portion having a cutoff frequency f;
presents around a portion ha&ing a cutoff frequency fl as
shown in Fig.la, the vibration energy will be entrapped in
a portion (a portion of £,) having a low cutoff-f:equéncy
and the extent of entrapping will be shown by Fig. 1b.

In Fig.lb, the ordinate shows normalized resonance
frequency expressed by an equation ¥ = (f - £,0/(£, - £,).
= £ which is not influenced by

1 2
a portion having a cutoff frequency £

and wherein ¥ =.1 means f

1 2s shown in Fig.la.



as characteristic, manufacturing and frequency agj<t -

can be variously nodified as shown in Figs. 16a hBEﬂL@ﬁEMSNIT SHEEE
particularly in the construction shown in Fig.16p,fresin f11ns
applied to the vibration energy absorbing portiops|6G ?Q}d‘h? er
t he pi.ezoel ectric substrate for decargpsing the cutpff Trequen- c
portions 60. Fig.16b shows a construction in whighy—~fef-the
obtaining a sufficiently large cutoff frequency difference, the t
of the

truction

Ji cknesses

In other words, this means absence of the portion, in
which case the oscillation energy spreads over the entire
surface of the substrate and no entrapping occurs.

On the other hand, a case yherein ¥ = 0 means
contréry to the above description that all vibration
energy is entrﬁpped in a portion having a cutoff frequency-
fl‘ A parameter nav3/H aloné the abscissa designates an
ehtrapping céefficient which is determined by the order of
the overtone d, the size a and thickness H of a portion-
having a cutoff frequency £

decrease é:_}

Considering Fig.lb, it can be noted that where the

1 and the amount of frequency

entrapping coefficient nav/A/H is less than a given value,
no entrapping mode presents in the vibration of the

- symmetric moées (Sl, S2 -—= ) of higher orders and thé'
vibrations of the asymmetric modes (al, a, === ). This
characteristic does not present in the -symmetric mode (S,)
éf the iowest order.

(3) In the entrapping coefficient described aboée,
where a, YA and H are suitable fixed value, the degrge of
energy entrapping becomes large as the overtone order
number n increases. However, as the entrapping coeffi-
cient becomes large, the degree of energy entrapping .

- reaches a largé value not to .be substantially influenced
by the order of the overtone.

(4) Where the order n of the overtone and the

piezoelectric substrate frequency, that is H are given,



39 substrate between the main el ectrodes 20 and B

substrate and the vibration energy absorbing por

etching for increasing the cutoff frequency therEo;. Fig. léec shﬂ a
bt

construction in which the thickness of the substyat e iz opgduggd ween t he
mai n el ectrodes 20 and 30 and el ectrodes 80 are i P
. - 13 - I Ay . = . e s ¢ s AR o ey mt o v pen,

the paramefer that varies the ehtrapping coefficient
corresponds to the size of a portion (generally, electrode
contacts) having a cutoff_frequency fl and the amount of.
frequency decrease A caused by an addition of a certain
mass.

However, where such materials having high bonding
properties as quartz is used as the oscillation medium,
the effgct éf frequency decrease caused by the piezo-
électric nature of the material becomes remarkable so that
where it is-impossible'to sufficiently vary A; variation
of a is effective.

(5) Regarding the vibration whose eneréy is entrap-
ped, as the order of overtone increase, the:equivalent
resistance becomes large.

As can be clearly noted from Fig. lb, the vibr;tiqn.
energy is not perfectly entrapped in a portion having a
small cuﬁoff frequency but more or less leaks to thef
peripheral portions having high cutoff frequencies, but if
a portion which absorbs the leakage energy and converts -

rthe'same into.heat presents extremely close ﬁo.a'portion
having a small cutoff frequenéy; the equivalent resistance
. for the vibration becomes large.

In this regard, in a convgntional qguartz oscillator,
sufficiently thick electrodes are attached to the center
of thE:quartz substrﬁte so as to increase the difference
in the cutoff frequency so as to entrap in the electrodg'

portion the vibration energy of the overtcnes of all



‘attached to the vibration energy absorbing portions 60. Thereby enabllng
el ectro-therm c conversion of the vibra- tion ener }. 16d, for the
pur pose of preventing increase in the electric res sﬂﬂﬂmeEM ﬁ t

decrease in the filmthickness of nain el ectrodes PO

the el ectrode contacts to the substrates are etch 1
t hi cknesses. The foregoi ng enbodi nents |hhustrate orfl y
t he construction of the resonator of thisS inven-
_sui tabl e conbinations of these

orders. Accordingly, tfie vibration at the fundamental
~ frequency ét which the CI value becomes minimum is the
easiest to occﬁr. As above described, if one wants td
cause the crystal resonator to'yibrate in an overtone
mode, some modificatian is necéssary for the oscillation
circuit.

(6) The characteristic of a higher order symmetric
or asymmetric mode shown in Fig.lb is.the result of
theoretical analysis regarding an infinite area piezo-
electric substrate. However, when this characteristic can
be preserved substantially, even in a substrate of a
limited area, since the vibration energy spreads over the
entire surface of the substrate, the energy will leak from
a holding portion for the substrate edges or dissiéate in
the holding portién. Accordingly, the equivalent resis-
tance for the vibration will become extrémely high.

Based on the facts described above, let us consider
that the characteristic of the vibration of the higher
order symmetric or asymmetric mode on the infinite are a
substrate described in items (2) and (3) can be retained
in what degree on the limited area.

Fig.2a is a-diagramhatic sectibnal view showing an
energy entrapping Eype resonator having an infinite length
in the x direction, a limited width 2b in the z direction
and elqu;odes applied to the lateral center of the

substrate and havihg a width of 2a.

Among the wave motions, it is necessary to consider



constructions can be used. Although in the foregoing enbodinent, a
resonator utilizing the | owest order asynmetric [erLJ—JHMkLALJHiEJJﬂl.and

havi ng si npl est construction was described, it shOLIQEp@A fhat
the invention is not limted to this construction Ru gher |or der
symmetric ([err] ---) node vibrations as well as h|g er e{ric
node vi brations. The vibration node of ggn ill ustrated he

| owest order asymmretric vibration node of a quarts S<O- i

only a SH wave having & ‘displacement parallel to the x
axis, and the displacement U can be expressed by an

equation
U = Hecos (nwy/H)-exp (j wt} - = - {1)

according to Onoue and Jumonji's paper entitled "Analysis-
of an eneréy entrapping type piezoelectric resonator”
(1965, Septémber, Journal of the Institute of Electronics
and Communication Engineers of Japan, Vol. 48, No. 9)
where U = £(2) which can be rewritten as follows by using
k and k' defined such that the propagation constant B will
always be a real number at respective regions (I)

(II) and (IIX) of the substrate shown in Fig.2a.

oy =85 k'z - k'z

(~b £ z < -a) ' --- @
U = Agom k2 (-a <' z & a) ---Q
Uprr = Bcﬁ k'z + czg k'z

(a ¢ 2 < by . . - = = {4)

where A, B and C are constants.

Let us assume that f, represents a natural resonance

1
frequency of a thickness slip oscillation where it is
assumed that the electrode portion (II) has an infinite
width, and that fz represents the natural resonance

frequency when it is assumed that portions (I} and (III)



strate excited in Z direction, but the quarts subst
be excited in X direction. Furthernore, it is possi
el ectrode in Z and X directions for exciting vibrat
Al t hough in Fig.14b, the vibration energy absorbin
in the Z direction, these portions _ 16 -

%bﬁﬂél 0 Qan.also :
| EACEMENT gHERE |
s 1n =£L.eqt i ons.

orqhoaérwﬁag r:vided

!
¢

[

not provided with electrodes have infinite widthes, the
propagation constants k and k' of respective regions II,

and I and III are expressed as follows

k = nu /(f/fl)z -1 /% _ - - = {5

k'= nm /1-(f/f2)2 /H | _ - - - (6}

The uppér portion of the double notation of equations
(2) (3) and (4) gi&es symmetric vibration in which a
displacement U becomes an even function with respect to
the original, whereas the lower portign gives an asymmet-
ric oscillation that becomes an odd function.

In eéuations (1) through (6) described above, the
following equation of frequehcy cﬁn be derived out from

- the boundary condition that the displacement and stress

are continuous when z = + a, and that the end surface is

free when z = ¢ b,

tan h k' (b - a) = k/k'_gog ka --- M

Let us determine an equation of approximation off
equation (7) when £, is slightly lower ﬁhan £,.
' Let us denote the observable_frequency; that is the
resonance frequency by £ where the substrate thickness is
varied in region (II) shown in Fig.2a or where electrodes
are attached. .

Theh two normalizing frequencies 6 and 4 that satisfy

the following equation are introduced.



can be provided in the X direction, or around substhr

‘periphery of the substrate or the portions can be
of sections, The vibration energy absorbing portiorn
as the area thereof covering the periphery of the g

b

The invention is not limted to a thickness tw st \

Figs. 14a and 14b but is also applicablé to such vi

vari ous

£=(1+68) £

f1 = (1 +4) f2

From equations (5) and_(B), we.gbtain
(kH) 2 = (nw)2-26
From equations (6) and' (9), we obtain

(k'm? = (am?-2(a - &)

From equations (10) and (11), we obtain

k'H/kH = /(4 - 8§ )/ &

By denoting §/A as ¢, then

k'/k = /(1 - ¢) /¢
Further, from equations (10) and (13},
ka = nv a/2§ /H = nvr a/2y4 /H

Further, from equations (11) and (13),

k'a = nn a/%A(l - V) /H

Substitution of equations (14) (15) and (16) into

equation (7) gives an equation

we obtain

we obtain

tan h nv a v23 (T =9) x (b/a - 1)/H

= /T = §I7y_cop nm a V295 /H

becones nore
UE- 2 QCT 19981 ¢

ration_as shown
bration node ds” &
t hi ckness | ongitudi- nal and thickness slip vibrati*ers—Ilsa_addi tion,. -

ire
rality
i ci ent
ges.

in

(8)

(9)

" (10)

{(11)

(12)

(13)

(14)

(15)

(16)

(17)



types of the piezoelectric material can al so be used. Although not shown in
-the drawi ng, the resonator nay be a two port resonator_dhaving a three

term nal el ectrode construction. This construction nmakesRj oM n
hi gh frequency bands. Wen the invention is applied td Eﬁ?«gﬁgﬁ’% '{gh@@stal
filter, a filter characteristic having a small spurioys jover a w de
frequency range can be expected. Fig. 1§ shows still arotheﬂzbﬁﬁvdﬁﬁgnt of
this inven- tion in which resistors R having suitablejvdlues are

This equation shows the felationship between the
normalized resonancé'freqﬁency ¥ utilizing b/a as a
parameter and the resonator dimension na /K/H, and corre-
sponds to a general equation resulting in a vibration
energy entrapping state on a limited area substrate.

The frequency spectra of the higher order symmetric
and asymmetric mode vibrations where b/a = 4 are calcu-.
lated by using equation (17) and the calculated spectra
are compared with those of a indefinite area substrate and
the result of comparison is éhown in Fig. 2b.

As can be cleafly noted from Fig.2b, the degree of
energy entrapping of thelléwest order symmetric mode
vibration varies greatly depending upon the &imension of
_the substrate, whereas the degree of entrapping higher'
order symmetric and.asymmetric mode vibrations can be
deemed substantially equal for the infinite area substrate
and the limited area substrate.

More particularly, the above-mentioned preconditions
(2) and (3) can be applied to the limited area substrate
as they are. When compa;ed'with.the characteristic of the
lowest order symmetric (So) mode, the inclination§ of the
other modes are steep and this tendency becomes remarkable
as the mode becomes higher order. This characteristic too
is retained in the limited area substrate.

Based on the above-mentioned facts (1) through (5)
constituting the premise of the concept of this invention,

it can be readily understood £hat the following idea can



connected across electrodes 4 and 4' on both surfaces Tﬁ' T e ef-Eh _
absorbing portions near the outer periphery of 41 't phe UE_UitSHEET'
substrate. Wth this nodification, the vibration energy pf an or g

than the desired overtone order propagates to the vibriation
absorbi ng portions excites the - 19 - _ 23%19)‘998

be reached by adding together these. facts.

Fig.3a through Fig.3c are sectional views éhowing the
fundamental construction of the resonator according to
this invention and graphs for efplaining the principle of
this invention. |

As shown in Fig.3a, elect;odes 2 and 2' each having a
diameter 2a are attached to both surfaces of the central
portion of a piezoelectric substrate 1 having a thickness
H for decreasing the cutoff frequency of the central
portion to fl thereby providing a difference (f2 - fl) in
the cutoff frequencies between the central portion and the
surrounding pcrtionlhaviné a cutoff frequency fz. The
portions at which the electrodes 2 and 2' are attached are
used as the vibration energy entrapping portions and the
portions 3 and 3' not attached with electrodes are used as
the vibration energy propagating portion of unwanted
vibration. On the periphery of the portions 3 and 3' are
formed vibration energy absorbing electrodes 4 and 4°'
having a cutoff frequency f3(where £, < £,).

“ When this resonator is used as an overtone vibration
. resonator of the fifth order, for example, the foregoing
Principle teaches that the percentage of the vibration

energy entrapping the overtone vibration of the fundamen-
tal wave (first ordef) and of the third order should be
small and that the enfrapping percentage of the overtone
vibration of the fifth and higher order should be large.

For this reason, "as shown in Fig.3b, the percentage Ty of



| ower order overtone vibration containing the fundane
increases sufficiently. The value Qf ;gesistor Ris setft
equal to (2[err]) - where [err] represents the capaci
el ectrodes 4 and 4' and fn the frequency of the overt
energy thereof is to be converted

ibration,

entrapping the vibration energy of the fifth order over-
tone vibration is set. to about 80%, for example. As can
be noted from Fig.3b, the entrapping coefficient na/A/H at

Ty = 80% is about 0.53. In the equation na/8/H =

na Y(f,- £,)/f, /H, as n, H and £, are given conditions,

2
it is easy to calculate what value f1 should be selected
to. When £, is determined, since the difference in the
cutoff frequ;ncies (f2 - fl) is a quantity directly
reléted to so-called plate back, and since the amount of
electrode attached satisfying this quantity is already
known, the resonator as shown in Fig.3a can readily be
manufactured.

When such material of high bonding property as
lithium niobate, lithium tantalate or a piezoelectric
ceramic is used as the piezoelectric substrate, as an
extremely small amount of the electrode attached results
in an extremely large frequéncy decrease, it is advanta-
geous to vary the electrode size on the assumption that
the amount oi frequency decrease has already given. .

The cutoff frequency f3 of the vibration energy
absorbing portions 4 and 4' may be the same as fl' but if
desired the frequency f3 is increased or deéreased thereby
increasing, as far as possible, the consumption of the
vibration energy in the portions 4 and 4°'.

In the resonator manufactured #s above described, the
vibration energies of the fifth, seventh ... overtone

. R s
oscillations are entrapped in the electrode portions as



into heat and consuned. This condition corresponds to t
mat ching of an alternating current circuit so that it i
measure for absorbing unwanted vibration energy. Were
.consunme a plurality of vibration energies of the funda QquBg@rme )
and the third order overtones such as the fifth order ¢ vi brati ¢n
resonator, a frequency [err] internmedi g -of the fundar ave—fegliefcy
[err] and the third order over- tone frequency [err] is.usged for setting

t he val ue of

m SHEEMt

is necessaryi

shown in Fig. 3¢, the vibration energies of-the ovértone
vibrations of the fundamental wave (first order) and the
third order will not be entrapped-in any appreciable
amount, and these energies are }eaked to the outer peri-
phery of the piezoeleqtric substrate thereby causing the
piezoelectric substrate 1 to vibrate in the vibration-
energy absorbing portions 4;and 4', Thus the energy is
converted into heat in these portions‘and dissipated, the
impedance of the lower order overtone vibrations including -
the fundamental vibration as viewed from tﬁghglae of the-
oscillation circuit becomes higher than that of the higher
order overtone vibration in which the energy is entrapped.
This phenomenon can readily be understood if one imagines
the energy distribution of the free electrode mounting
portions of the so-called multimode piezoelectric monoli-
thic filter in which a plurality of closely adjacent free
electrodes are disposed between electrodes.

-Oﬂ the other hand, the overtone vibrations of the
fifth order, seveﬁth order ... overtone vibrations whose
vibration energies are entrapped in the electrode portions
as above described, since the vibration impedance of the
fifth order is the minimum, this resonator is one in which
the fifth order overtone vibration is the most easy to

excite.
When the lengths of the vibration energy propagating
portions 3 and 3' between the vibration energy entrapping

portions 2 and 2' and the vibration energy absorbing



resistor to R = (2[err]). Alternatively, as shown in FiJ. €

ener gy absorbing electrodes 4 and 4' are divided and resjf sg ors having
values of [err]= (2[err] - 42 - [err] and [err]= [ i[eﬁﬂmm
respectively are connected across respective divided el gctirodes. Fig. 1
Is a plan view show ng a nndificatignzgased '

portions 4 and 4' are extremely small, a portion of the
entrapped vibration energy is consumed by the vibration
energy absorbing portions. Conversély when the lengths
are too large, the leakage energy propagate without any
loss, so that theoretically, it can be deemed that the
oscillation energy absorbing elements do not present as
has been described above.
Accordingly, there must be optimum values for the
lengths. Howéver, as it is diffiéult to qualitatively
_deéermine the loss, let us determine the same by experi-
ments. Fig. 4b shows the result of experiments when the
vibration energy propagating gap is varied at the time of
manufacturing a quartz resonator having the third order
overtone vibration (50 MHz). When the gap (D-a) shown in
'Fig. 4a is too small, the impedance for the vibration of
the fundamental wave (first order) and that for the third
order overtone increases proportionally. Conversely, when
the gaP is too large, there is no difference among the
impedances for the first and third overtone vibrationms.
Consequently, it was found that it is advantageous to
‘select a value of about 1.5 for the ratio D/a so as to
give a condition under which the third order overtone
vibration is most easy to occur.
The basic_prinéiple of this invention has been
described hereinabove, actually, however, a resonator
having a similar effect can be prepared even when the

principle is more or less deviated.



on this principle and Fig.19b is a sectional vie BHWMWHEE I on
taken along a line A-A. In this nodifica- tion, yi '

el ectrodes 2 and 2' are provided for both surfac s/a t he center] a
quartz substrate 1, and the el ectrodes 2 and 2' jare 3h6€31g98t i bration
energy absorbing el ectrodes 4 and 4' ;at _suitabl S l.ons on th uter

peri phery of the substrate 1 via patterns 5 andf{5'. 4 and 4
are secured to resonator holding portions 6 upwar m a base,

not

More particularly, as the'frequency of an oscillation
circuit increases, éhe gain of the amplifier decreases,
the negative resistance of the circuit varies in reverse
proportion to the squafe of the;frequency. Accord;ngly,
it is not always true that the oscillation at an overtone
frequency at which éhe resonaﬁorLihpedance as seen from
the side of the oscillation circuit becomes a minimum, is
easiest. ‘ _

For example, in Fig.3b, when the percentage T of
entrapping the vibration energy of the fifth order over-
tone vibration at a desired vibration frequency is set to
a value, for example, about 60%, which is considerably
lower than 80%. Qualitatively, the impedance for the
seventh order overtone vibration may be somewhat smaller
than the impedance for the fifth order overtone vibration.
In such a casé too, due to the chafacteristic of the
oscillation circuit, the oscillating circuit does not
cscillate'at the seventh order overtone frequency at whiqh
the resonator impedance is the minimum, but at the fifth
order overtone frequency the oscillation circuit may
happen to oscillate.

Acaordingly,.the term "desired overtone vibration®
does not always mean an overione vibration at which the
resonator impedance as seen from the side of an oscillat-
ing circuit becomes minimﬁm. Thus it is sufficient that

the impedance at the "desired overtone vibration" is

greatly smaller than that for the lower order overtone



shown, for supporting the resonator by using an electro- conductive bonding

agent 7 for making electrical con- nection and nech 4 his
case, care should be taken not to short circuit the fﬁ%@gmNT&EET

el ectrodes 4 and 4' by the el ectroconductive bondi ng ggerE=F lying a
bondi ng agent 8 having a desired resistance value t SUiiﬁqgﬁw {ipng of
~the electrodes 4 and 4', absorption of 3jhe unwant ed jviibr gy Fan be
I ncr eased. i

vibration including the fundamental wave vibration.

The resonator.that satisfies the conditions described
above may have a plane configuration as shown in Figs. 6a
- 6¢c. ‘.

More particularly, as shown in Figs. 6a and 6b, main
vibration energy entrapping electrodes 2 and 2' are
disposed at the central portion of a piézoelectric sub-
strate 1, nonelectrode portioné 3 and 3' (vibration energy
propagating portxons) are disposed about the electrodes,
vibration energy absorbing electrodes 4 and 4' of a
suitable configuration are disposed about the non-elec-
trode portions, both electrodes 2,3 and2',4' are intercon-
nected by lead wires 5 and 5' disposed bout the periphery
of the substrate 1, and the vibration éﬁsorbing electrodes
3,3' and 4 and 4' are coupied together to have the same
potential.

Thus, by ¢onnecting the vibrators and the circuit at
the vibration energy absorbing electrode contacts, the
electrodes can be utilized as tub electrodes so that tﬁé
mechanical éﬁrength of the lead connections.can be en-
sured.

As shown in Fig.6c the lead pattern extending from
the vibration energy entrapping portions may be directly
connected to the vibration energy absorbing electrbdes 4
and 4' through the vibration energy propagaﬁing portions 3
and 3'. With this construction, however, it was experi-

mentally confirmed that the desired overtone vibration



As the bonding agent 8 can be used an epoxy resin c-ntalnlng a controlled
quantity of dispersed carbon particles. Wiere there ETy- ,

not i ons whose -43- vibration energies are to be p
energy absorbing el ectrodes 4 and the peripheral su

- 25 =

energy too tends to slightly leak through the lead pat-
terns S and 5', Howéver, this construction is
advantageous in that since the lead wires are short, not
only the ohmic loss can bé reduFed, but also the position
alignment between the piezoelectric substrate and a vapor
deposited pattern is not required to be accurate.

Furthermore, it is not always necessary to integrate
the lead wirés 5 and 5' from the vibration energy entrap-
ping electrodes 2 and 2' with the vibration energy absorb-
ing electrodes 4 énd 4', but instead they may be separaﬁed
as shown in Fig.6d4, or as shown in Fig. 6e, the vibration
energy absorbing electrodés 4 and 4' may be formed to
completely enclose the vibration energy entrapping
portions 2 and 2'. This modified construction increases
the consumption of the leakage energy thereby increasing
the equivalent resistance for the vibration.

It should be understood that the construction of the
resbnator of this invention can be modified as shown in
Figs. 7a through 7f.

More particularly, in the constructions shown in
Figs. 7a and 7b, the vibr#tion energy propagating portion
of the'piezoelectric substr;te 1 are removed Sy etching,
for example, on both or single surface, for increasing the
cutoff frequency of these portions. This construction
reduces the thickness of the attached electrodes which not
only reduces the electrode vapor deposition time but also

prevents peeling off of thick electrodes.



of the substrate 1 are split as shown in Fig.20, a Ll el ectrodes 9
and 10 are bonded to the front and rear surfaces
agent 8 described above. Of course, the resistance] vRl U& 0

agent shoul d correspond to the frequency of the whosHq
gzg|§#§w5550h r

vi bration energies are to be absorbed. Figs. 2la

enbodi nent of a resonator ut|||2|¢@23.conp03|te

band. As shown, boron (B) is doped into one surfage of a S|I|con Dl
and a recess 600 of a desired dianeter

As the frequency is increased, the thickness of the
main vibration entrapping electrodes 2 and 2' becomes
extremely thin whereby the electroconductivity is reduced
and the performance of the elec;fode is lost. To obviate
this problem, the portions of the piezoelectric substrate
corresponding to the electrodes are slightly recessed as
shown in Fig.7c for ensuring necessary electrode thick-
ness. .

It is not always necessary to attach the electrodes
to the vibration energy absorbing portions on the
outermost periphery of the piezoelectric substrate, but as
shown in Fig.7d, the thickness of the substrate at that
portion is increased for consuming unwanted vibration
energy by thick end portions 4".

To attain the above described object, it is not
always necessary to incfease the thickness of the piezo-
electric substrate 1 at the outermost periphery, but a
material having a l#:ge acoustic loss, for example, lead,
g;n, gold, etc. may be attached, or organic materials 6,6

.and 7,7' such as epoxy resin may be attached with.thick
film printing technique or the like.

As shown in Fig.7f, a dot shaped material 8,8' and
9,9 of a large acoustic loss such as an electroconductive
binder may be applied onto the electrodes 3,3' and 4,4'
for consuming unwanted vibration energy. The resonator
can be supported at said dot shaped material.

The result of experiment made on the characteristics



Is formed by etching the opposite surface. Then 700
havi ng a thickness equal to that of the |ayer dap~"bdﬁ&"ﬂ~qrwA-l“' cannot
be etched will remain. Then a |ower electrode afdfits Teatu . 890 are

formed by vapor deposition. After that, Zn [erf]}ig ‘%gﬂhtered of a desired
and a upper el ectrode and #%s | ead €] egtro 01998 o v por

deposited on the filmof Zn [err]. .

800 and 100 are utilized as the vibration ener{g

having a cutoff frequency [err]. The thin |ayer-7

t hi ckness,

e portiqgns v d.py t
ent rappi ng por i ons

of the resonator of this embodiment will be described in
brief.

In this experiment, a resonator having a construction
as shown in Fig.4 and the fcllqying specification was
used.

Quarts (AT cut) substrate dia. 7 mm

Vibration frequency (overtone order) 50 MHz

(third order)

Vibration entrapping portion
gold electrode, £ilm thickness 350 &
electrode size _ 2mm X 2mm
Gap between vibration entrapping electrode
and absorbing electrode 0.5 mm
Direction of arrangement of
vibration energy absorbing
electrode Z2' direction
In this resonator, the CI values for the fundamental
wave.vibration and the third ordef overtone vibration are
respectively 1509 and 5202, while the CI value after
bonding the lead wire to the resonator using an electro-
conductive bonding agent are respectively 2809 and 53
which proves the correctness of the theory.
Fig. 8a through 8c are sectional views showing
another fundamental construction of a resonator of this
invention utilizing the asymmetric mode and a graph for

explaining the theory thereof. As shown in Fig.B8a, split

electrodes 20,20' and 30,30' are applied to both surfaces



ext endi ng about the outer peripheries of the electrodes is used as the

vi bration energy transmtting portion having a t MeqageET 4. and the
not etched portion 500 of the silicon block is u jg¥2&é£m§?§r3t90 ener gy

absorbing portion having a cutoff frequency [err].{ Then a relatjan [err]
-44- > [err] > [err] holds automtigglly so that|by 42 003 $9%8ont rlol -

Cerwenmeren sarun

of the central portion of the piezoelectric substrate 1.
When the resonator is.excited, an asymmetric (ao)
vibration of the lowest order will be strongly excited.

Denoting the order of the .overtone at which the
resonator is desired to vibrate by n, where the parameters
a and A are selected such that the position of the entrap-
ping coefficient (n-2) a vA/H of the (n-2) th order shown
on the absciésa of Fig.2b will be positicned at a position
at which the percentage of the energy entrapping of the a,
mode curve is zero that is a position at which the entrap-
ped mode does not present, and that the position of na
Y8/H will be the position at which the percentage of
entrapping‘the a, mode curve will be a maximum, the
vibration energy of the overtone vibration higher than the
n-th order will be entrapped near the peripheriés of the
split electrodes 20,20; and 30,30* as shown in Fig.8b,
while the vibration energy of the overtone vibration of
iower than (n-2)th order will spread over the entire
surface of the ﬁiezoelectric substrate 1 and ; substantiai
amount of the energy will leak and consumed through the
substrate supporting portion supporting the periphery of
the substrate.

The vibration energy of the overtone vibration higher
than the n-th order and éntrapped near the peripheries’ of
the split electrodes 20,20' and 30,30' has a higher
equivalent resistance as the order of the overtone in-

creases as above described, so that the resonator can



ling the ratio between [err] and [err] the absolute value of [err] and the
di aneters of the electrodes 800 and 100, an oven- Ep{ﬁtE:fﬁT :
pi ezoel ectric vibrator capable of vibrating at of fovert one
vi bration can be obtained since these val ues conrgspond respectijve¢ly to the
pl ate- back amount [err], substrate thickness Hjadd 1Bc06T 998 ofle|si ze a
whi ch are the paraneters of the entFagBiﬁg coeffi-4 cient. As is Il known
inthe art as it is possible to manufacture extremely thin layer and
sputtered [err], and . s

vibrate at the n-th overtone frequency without modifying
the oscillation circuit.
Fig.8c shows a basic method of selecting parameters
-Qhere it is desired to obtain é third order overtone
vibration resonator by utilizihg an excitation of ay
mode. The percentage T of entrapping the a, mode vibra-
tion energy becomes zero when tﬁe entrapping coefficient
na/A/H is less than 04 so that, for the fundamental wave
(n=1) vibration and the third order (n-3) overtone vibra-
tion, it is sufficient to determine the parameters a

and A such that
a’B/®H = 0.4, and 3a/A/H = 1.2

The sbacing between the split electrodes may be
selected to a suitable value so long as short circuiting
does not occur between electrodes. Where the interelec-
trode spacing is extremely small, as is well known in the
art, as a result of an acoustic coupling of the asymmetric
mode vibration with a symmetfic mode vibration which are
simultaneously excited, two types of different vibration
frequencies are generated. However, in the resonator 6f
this embodiment, it is sufficient t6 derive out one of the
frequencies, that is in this ‘example only the resonance
frequency of the asymmetric mode vibration, so that there
is no problem.

Where it is desired to utilize the vibration of the



hence having a high fundanental wave vibration f'eg

that it is possible to provide a high frequency ps

Tl e cl ear
gMEMT ®HEETIi ¢ havi ng

3, 5or 7 tinmes frequency and not requiring any ppgcial circul ,lfbr
exanple, a LC tuning circuit. The resonator is npt Ii1rﬁog¢m§a sifl i con
bl ock. Al though the manufacturing steps becones re or |l ess Conpl}i cated,
as shown in Fig.20, an opening havirngQa-desired {di anerer-is—fe~dHed at the

.or

higher mode, for example, Sl

trode is divided into three or four sections.

case, as shown in Fig.2b, the gradient of each mode

In this

center of an artificial quarts or.glass block 1%Q.hy neqhgg[pal mgchi ni ng

mode or a, mode, each elec-

frequency spectrum becomes steeper as the order becomes

higher so that this is advantageous because it is possible

to set large the difference in the percentages of entrap-

ping the n-th order overtone vibration energy and that of

the order lower t@an {n~-2) th order.

In the aBove,.the basic principle of this embodiment

has been described. Actually, however, a resonator having

similar performance can be obtained even when the princi-

ple is more dr less deviated.

More particularly, as the frequency of an oscillating

circuit increases, the gain of its amplifier generally

decreases so that the negative resistance of the circuit

varies in reverse proportion to the square of the frequen-
cy."Accordingly, it is not always true that the vibration
at an overtone frequency at which the resonator impedance
as seen from the side of the oscillation circuit becomes a
minimum is the most easy.

For example, in Fig.8c for the purpose of manufactur-
ing the fifth order overtone vibration resonator.by
utilizing the vibration of the lowest order asymmetric
(ao) mode vibration, when the parameters are selected such
that the percentages of entrapping the vibration energies
of the first order (fundamental wave vibration) and the

third order overtone vibration are both zero, as shown in



etching, and a quarts or glass plate 130 is stronQIREQOmgmth*ﬂﬁ@ urface

of the block by a three |ayer alloy bondi ng agent |. }26—68Rs+si{4+-Rg; O
A -Ag-Jn. After lapping the quartz or glass plat¢ §fo a desired twi:kness,
upper and | ower el ectrodes 800 and 100 and a pi ez¢el ec‘l?lQCBd??B oh P00 nade
of [err] and sandw tched between the upper -45%-

. - 31 -

Fig.9, the percentage of entrapéinq the vibration energy
of the fifth order overtone vibration will not become
sufficiently large with the result that a case may occur
in which the equivalent resistance for the fifth order
overtone vibratioﬁ is higher than that for the sevénth
order overtone vibration.

In such i case, where the difference between the
equivalent resistances for the fifth and seventh order
overtone vibrations is small, it can be considered that
the vibration of the fifth order overtone frequency is
possible in view of the.relation to the above described
characteristic of the oscillation circuit. However, when
the difference between the equivalent resistances for the
fifth and seventh 6rder overtone vibrations is large, the
oscillating circuit may oscillate at the frequency of the
seventﬁ order overtone.

In order to avoid this unstability, the percentage of
entrapping the éhira order overtone vibration energy is
made to be élightly larger than zero, and the percentage
of'entrapping the. £fifth order overtone vibration energy is
selected such that the equivalent resistance for a desired
fifth order overtone vibration becomes extremely smaller
than that for the third order overtone vibration and that
the equivalent resistance is slightly higher than that for
the seventh order overtone vibration.

It should be noted that, in this invention, it is not

always necessary to make the vibration energy of an over-



and | ower electrodes are formed. Alternatively, an ogpening is forned
t hrough the central portion of a netal block 140 as?s i '*-j—¢.fwnd a
metal plate 150 of the same material is seam wel ded}tQ LGN aff Eff | t he
metal block 140. Then the netal plate 150 is |appedjtd a desfred t hi ckness
thereby formng a vibration portion. Wen such vi br ft orﬂ@gj AT amd S used as
the vibration portion, it can be used2as the |ower pl bctrode, the

pi ezoel ectric substrate can be directly sputtered o e thin netal plate
150 and an insulating l

tone vibration (including the fundamental wave vibration)
of the oréer lower than the order of the overtone desired
to vibration to be a perfectly not entrapped-mode.

In the foregoing, the inveption was described by
taking a case utilizing the lowest order asymmetric (ao)
mode vibration as an example, parameters a and 4 can be
selected in'the same manner as a case wherein a higher

crder asymmetric mode (al, a, ...) vibration or a higher

2
order symmetric mode (S,, S, ...) vibration.

Having completed the description of the basic concept
of this embodiment, the concrete electrode connect?on and
wirings, necessary for manufacgpring a resonator of this
invention will be described in detail as follows.

An electrode of a conventional resonator is required
to be arranged for efficiently deriving out the charge
created by the displacement of the piezoelectric sub-
strate. As a consequence, in the resonator of this
invention too, it is necessary to coincide the number and
position; of the hills or valleys of the charge generated
by the vibration mode utilized with those of the split
electrode, and to interconnect such that the charges
generated at respective electrodes will not cancel with
each other.

Where the vibration of the lowest order asymmetric
(ay) mode is to be utilized, as shown in Fig.l0a, split
electrodes 20,20' and 30,30' are attached to the front and

rear surfaces of the piezoelectric substrate 1 for gener-



film160 is applied onto only the |ead pattern wiyiREPLACEMENT SRPEN
el ectrode attached to the piezoelectric portion 900

t He | ead

pattern is forned. In addition to [err] Al N and S.can al so bg Used the
pi ezoel ectric material, and other method than sputtier 14 RETcHI8bd dsed as
the nethod of attaching the piezoekegs tric materj However, ag tlhe

sputtering deposition nmethod is nost suitable for preparing extreng
pi ezoel ectric layer, this method can satisfy the ‘ebjf-ect-of-thi-s—inv

for preparing a resonator of an extrenely

ly thin
ention

ating electric charge having a level as shown in Fig.l0b
and the electrodes are connected in series as shown in
Fig.1l0b or in parallel as shown in Fig.l0c. Since the
impedance of the parallel conne;tion is 1/4 of that of the
series connection, where . it is desired to decrease the
parallel resistance, parallel connection is preferred.

The spurious of a resonetor'utilizing a split
electrode wiil now be considered. Where the utilized
vibration mode is a higher order symmetric (Sl, S, ees)
mode, an electrically asymmetric (a5, 25, 2, ...) mode
will not be excited, while where the vibration of -a higher
_ order asymmetric mode is to be utilized, the symmetric
mode will not be excited. However, due to manufacturing
errors of the resonator, some other modes are actually
excited.

Among the vibration modes utilized, a mode of differ-
ent order, for examéle, a, me&e with respect to a mode
will be sufficiently excited.

In the former case, however, the response is inher-
ently very small and in the latter case the response is
elso small because the number of hills or valleys of the
generated charge pattern does not coincide with.the
electrode division pattern so that the response is also
small. In any case, the spurious caused by these facts
does not reach a level causigg a trouble.

For the sake of reference, methods of connecting an

electrode split into three sections and utilizing the S1



hi gh frequency. In this case, usually since the crystal grows in the axial
direction, the vibration node is limted to the thi S Sl ] lmal
vibration. Also, in this enbodinent, a thickness sl} [ QQ@QﬁLEHQEe and a
t hi ckness twi st vibration node can be used. In the )
absorbing portion 4 shown in Fig.3a, the consunptio
vi bration on energy 34 -

pbrati on ener gy

pf 4h OB%etdFBne

-

mode are shown in Figs.lla and 1l1lb.

Examples of the wiring pattern to be formed on the
‘Piezoelectric substrate of a resonator utilizihg an elec~-
trode split into two or more segtions are shown in Figs.
12a through 12d. Figs. 12a and 12b "show exaﬁples of
series and parallel connections of the electrode split
ipto two sections, while Figs. 12c and 124 show examples
of series an& parallel connections of the electrode split
into 3 sections. Where the wiring patterns 50 and 50' .-
are made around the edge of the piezdelectrié substrate, a
conductor pattern is vapor deposited on edge too or an
electroconductive point or bonding agent is coated for in-
terconnecting the patterns on the front and rear surfaces.

‘Since the resonator of this embodiment is constructed
to cause the vibration energy of an overtone vibration of
the order lower than that of the desired overtone contain-
.ing the fundamental wave vibration to leak and spread over
the entire surface of the piezoelectric substrate, the
ieakage energy propagates without loss through portions of
a large cutoff frequency thereby leaking out through a
resonator support provided for the end of the piezoelec-
tric substrate as described before.

However, it is very important to consume the leakage
energy effectively in order to increase the equivalent
resistance of the vibration. For this purpose, a plural-
ity of vibration energy absorbing portions 60 having an

extremely small cutoff frequency f3 are provided on a



- 46 - of an order lower than that of the desiredf ' o after
converting it into heat, is not sufficient as thaf Amirﬁiﬁﬁt a
correspondi ng frequency does not rise sufficiently. [Thus a desiTey pvertone
vi bration may becone inpossible in view of the nega iwpzqﬁgfﬁg%gca
characteristic of the oscillation ciftcBbt-as sho kn Fig.24. cprflingly,
an experinment was carried out by using an overtonf Vi br at4-en—+-esohaj or
shown in Fig. 25 in which '

part or the whole of the edge partion of the piezcelactric
substrate 1 as shown in Fig. lla. with this construction,
the amplitude of the leaking vibraticn energy is increased
at this portion where the vibration energy is converted
iato thermal energy which is consumeé &thereat. The energy
absorting porticns 60 may be provided either by thickening
the piezoelectric substrate 1 or by attaching a conductio;
film or a resin fil@ of an appropriate mass. Alternative-
ly, as shown in Fig. 13b, a mass such as adhesive agent

70 may be attached on the outer surface.

Although the cutoff frequency f3 of the energy
absorbing portions 60 may be equal to or less than £4, it
is preferable to increase or decrease it so as to maximize.
the consumption of undesired vibration energy at this
portion.

Further, in order to positively consume the leakage
energy, conductor £ilms 8 may be attached at appropriate
positions on the front and back surfaces of the edge
portion of the éiezoelectric substrate 1 with resistors 9
c?nnecting therebetween as shown in Fig. 13c. The

resistance value r of the resistors can be basically.

determined as follows:
= -1
r (2 fnco)

where fn

frequency of vibration to be converted
into heat
Co ¢ capacitance between the conductor films

provided on front and back surfaces.



t he amount of attaching the vibration energy absorbing el ectrode 4 was
varied for determning the difference between the Cl val ue of the
fundanmental wave vibration and the ClI val ue of the ; hird order
overtone vibra- tion. Fig.26 is a graph showing the RERLACEMPAT &)
which after fixing the size of the exciting el ectrpd
filmthickness is varied for varyifhgighe entrapp
For eight entrapping coefficients, the anount of

..ener gy

A — g
- e e s

When there are a plurality of vibration frequencies

whose energy is to be absorbed, a plurality of different

1 1

resistors of (waa C ) 7o (2mfy Co) --- can be applied

to the periphery of the reﬁonato%. Alternatively, a

- -'1
resistors of (vam Co)

may be applied where fm
represents the mean value of fa' fb —

The resistor is not necessarily to be limited to that
utilized to Eonstruct an electronic circuit. For example,
the resistor may take the form of a coating of an electro-

.conductive bonding agent for fixing the support of a
conventional quartz vibrator. This measure is advantage-
ous in that it can be used without affecting the produc-
tivity of the resonator.

Two different constructions of the overtone vibration
resonator utilizing a lower order asymmetric (ao) mode
vibration and manufactured based on the principle de-
scribed above and their characteristics will be described
hereunder.

Fig.l4a shows a plan view of a basic third order
‘overtone vibration resoﬁator not provided with a vibration
energy absorbing portion adcordiné to this invention. As’
shown, lead wires 50 led out from the main electrode 20
and 20' split into two section are provided at the center
of a circular quarts substrate for connecting in parallel,
the front and rear electrodes having the same construc-

tion.

In Fig.14b, vibration energy absorbing portions 60



absorbing el ectrodes 4 was varied to 1, 2, 4 an '

exciting electrode, and the relation between th¢ BEPLAREMENDSHEEE
fundanment al wave vibration to be suppressed andjtifie CI varue of]the desired
third order overtone vibration was plotted. As ¢ap bg -fg g£011:ig.26,
the Cl value of the fundanental wavg,vibration fojbe %3%% 2 df hhs a peak
val ue except a case wherein the ratio (fil mthig¢khkess

pf the

are provided for the outer periphery of a quartz sub-
strate. The results of measurement of the characteristics
of these two types of resonators show that, in the former,
the CI values of the third order and the first order
(fundamental. wave) overtone frequencies are 70Q and 175Q
respectively. When a small quantity of an electroconduc-
tive bondiﬁg agent as applied these valueé become 72Q and.
3800 respectively which proves the correctness of the
theory of ﬁhié invention. |

The CI values of the third order and the first order
(fundamental wave) overtone frequencies are 65Q and 250Q
respectively. Where an electroconductive bonding agent is
applied to the holder df the quartz substrate, these
values become 65 and 13300 respectively, thus confirming
the effectiveness of the vibration energy absorbing
portion.

- In the resonator shown in Fig.l4a, when the quartz
substrate holder is fixed by the electroconductive bonding
agent and then the electrode film thickness is varied. '
The difference between the CI values at the third order
and the first oréer-overtcne frequencies decrease as shown
in Fig.15a. |

This means that in the construction shown in Fig.l2a,
when 4 is caused to vary depending upon the electrode film
thickness and both of the first order and the third order
overtone vibrations are entrapped, the difference in the

CI values decreases. Consequently, it will be clear.that



- 47 - ratio) between the thickness of the ene absor bi ng el ectrode node
of Ag and that of the excitation electrode is E §‘ ﬁ %?' = ue
increasing with the increase in the filmthick QR’%' ﬂVP? EtL e t endency

was observed in the fifth order and the seventh brder overtond Vi bration
resonators although figures were onmitted for thel s4k:08T ¥9gp!li dity. Above
described result of experinment shewsgthat it if :

T

e

various parameters including the electrode film thickness
should be set to maintain sufficiently large the differ-
ence between their CI values.

Fig.15b shows the variatiqn,in the CI values aﬁ the
first order and third order overtone freguencies where the
gap between the exciting electrode and the energy absorb~
ing portion of a resonator provided with the vibration
energy absofbing portions shown in Fig.ld4b is varied.

. As can be noted, as the gap increases, the leaked
vibration energy of the first order (fundamental wave)
frequency is not sufficiently consumed by the energy
absorbing portions thus decreasing the effect theéeof.
Accordingly, it is essential:to set the gap between the
energy absorbing portion and the exciting electrode to an
obtimum value.

Since the construction of the resonator of this

invention varies depending upon various requirements such
as characteristic, manufacturing and frequency adjustment;
the construction can be va#iously modified~as shown in
Figs. 16a through 16d. v

More particularly in ing'gsgéfruction shown in
Fig.l6a, resin films'?O' are ;péiied to the vibration
energy absorbing portions 60 on the periphery of the
piezoelectric subsﬁrate for decreasing the cutoff frequen-
cy of tﬁe portions 60. Fig.l16b shows a construction in
which, for the purpose of obtaining a sufficiently large

cutoff frequency difference, the thicknesses of the



necessary to nake |ower the cutoff frequency of the vibration energy

absorbing portion than that of the vibra- tion en I on
attached with an excitation el ectrode. O herw se, § 0 have
a suffi- cient difference between the C val ue of tion of
an order at which the vibration is desired and th er
overtone vibration containing the fanganental wav

suppressed, thus:disenabling stable vibration at When
desi gning an overtone vibration piezoelectric

. substrate between the main electrodes 20 and 30 at the
;enter of the substrate and the vibration energy absorbing
portions 60 are reduced by etching for increasing the
cutoff frequency thereof.. Fig.}?c shows a construction in
which the thickness 6f the substrate is reduced between
the main electrodes 20 and 30 and electrodes 80 are
attached to the vibration energy absorbing portlons 60.
Thereby enabllng electro-thermic conversion of the vibra-
tion energy. In Fig.16d, for the purpose of preventing
increase in the'electfic resistance due to the decrease in
the film thickness of main electrodes 20,20' and 30,30°,
only the electrode contacts to the substrates are etched
to reduce their thicknesses.

The foregoing embodiments illustrate only few exam-
ples of the construction of the resonator of this inven-
tion, and if desired, suitable combinations of these
constructions can be used.

Although in the foregoing embodiment, a resonator
utzllzzng the lowest order asymmetric (a ) mode vibration
and havzng simplest construction was described, it should
be understood that the invention is not limited to this
construction but can use higher order symmetric (S;, S,
---) mode vibrations as well as higher order asymmetric
mode vibrations.

The vibration mode of an illustrated resonator is the
lowest order asymmetric vibration moae of a quarts sub-

strate excited in Z direction, but the quarts substrate



resonator as shown in Fig.3a, it is essential to select the relation
between a fil mthickness ratio at which the Cl value ¢ \n_overtone
vi bration of an order at which the vibration is desir

while the CI value of the overtone vibration of a | ow
fundanmental wave vibration is extrgnqby_high, and 't he
entrappi ng coefficient by taking into consid- eration

experiment described above. The result of experinentli_‘_‘~Ln Fi g. 26 {shows

e S

t hat
’ e
can also be excited in X direction. Furthermore, it 1s
possible to divide the' electrode in Z and X directions for
exciting vibrations in both directions.

Although in Fig.l4b, the v}bration energy absorbing
portions were provided in the 2 direction, these portions
can be provided in the X direction, or around substan-
tially the entire periphery of the substrate or the
portions can be divided into a plurality of sections. The
vibfation energy absorbing portions becomes more efficient
as the area thereof covering the periphery of the sub-
strate increases. .

The invention is not limited to a thickness twist
vibration as shown in Figs. l4a and 14b but is also
applicable to such vibration mode as-thickness longitudi-
nal and thickness slip vibra£ions. In addition, various

types of the piezoelectric material can also be used.

Although not shown in the drawing, the resonator may
be a two pért resonator having a three terminal eléctrode
construction. This construction makes easy vibration in
high frequency bands. When the invention is applied to a
monolithic crystal filter, a filter characteristic having
a small spurious over a wide frequency range can be
expected.

Fig.17 shows.still.another embodiment of this inven-
tion in which resistors R having suitable values are
connected across electrodes 4 and 4' on both surfaces of

the energy absorbing portions near the outer periphery of



- 48 - optinmum paraneters for the third order overtone vibration resonator
can be obtained when the filmthickness ratio of -

bsor bi ng
portion to the excitation electrode is selected{t <Mt rappi ng
coefficient naferr]/H is selected to be about 4}5. gft he

cutoff frequency of the vibration energy absorbin sfnot only
possible to- -4l =

A

the piezoelectric substrate.

Wwith this modification, the vibration energy of an
order lower than the desired overtone order propagates to
the vibration energy absorbing‘portions excites the
piezoelectric substrate 1 at the vibration absorbing
portions, and the electric charge generated in the elec-
trodes 4 and 4' is converted into heat energy by resistors
R and then éonsumed, whereby the impedance for the lower
order overtone vibration containing the fundamental wave
vibration increases sufficiently.

The value of resiétor R is set to be subst;nqially
equal to (27 £ Co)'l where C, represents the capacitance
between eléctrodes 4 and 4' and fn the frequency of the
overtone.vibration, the energy thereof is to be converted
into heat and consumed. This condition corresponds to the
impedance matching of an alternating current circuit so
that it is a most efficient measure for absorbing unwanted
vibration energy.

Where it is necessary to consume a plurality of _
vibration energies of the fundamental (first order) and
the third.order overtones such as the fifth order overtone
vibratioﬁ resonator, a frequency £ intermediate of the
fundamental wave frequency £, and the third order over-
tone frequency fn3 is used for setting the value of
resistor to R = (2r £ Co)'l. Alternatively, as shown in
Fig.18, the vibration energy absorbing electrodes 4 and 4'

are divided and resistors having values of R; = (27 € 1



el ongate only the vapor deposition tinme of a conductjor, @ EmortteRy and
to forma recess at the central portion of the piezdel $¢ bShkEi d 1 as
shown in Figs. 27a through 27c for creating a differlerjce between cufofif
frequencies. Alternatively, as shown in Fig.27a, th santznggynbgé " las
“the electrode can further be vapor dgpqsit- ed ontoftHe vibration emergy
absorbi ng portion 400 thus fornmed. The cutoff frequgncy canmbe—reade! npre
| ower by using a vapor deposited material having a ligher specific gravity
than that of the electrodes 2 and 2' (Fig. 27b).

-1 2

c,)”" and R” = (27f . Cc,)"1 respectively are connected
across respective divided electrodes.

Fig.l19a is a plan view showing a modification based
on this principle and Fig.l9b i; a sectional view of this
modification taken along a line A—A. In this modifica-
tion, vibration enrapping electrodes 2 and 2' are provided
for both surfaces at the center of a quartz substrate 1,
and the electrodeg 2 and 2' are connected to.vibration
energy absorbing electrodes 4 and 4' at suitable portions
on the outer ﬁeriphery of the substrate 1 via patterns 5
and 5°'.

The electrodes 4 and 4' are secured to resonator
holding portions 6 upwardly extending from a base, not
shown, for supporting the resonator by using an electro-
conductive bonding agent 7 for making electrical con-
nection and mechanical fixing.

'In this case, care should be taken not to short
circuit the front and rear electrodes 4 and 4' by the
electroconductive bonding agent 7. |

By gpplying a bonding agent 8 having a desired
resistance value to suitable portions of the electrodes 4
and 4', absorption of the unwanted vibratien energy can be
increased.

As the bonding agent 8 can be used an epoxy resin
containing a controlled quantity of dispersed carbon

particles.

Where there are a plurality of wave motions whose



Further, as shown in Fig.27c, for the purpose of hi gher

overtone vibration frequency, ‘where the portions OREPMHEWENIQW ic
substrate on which the electrodes are to be attagh tfcularly
thin, it is sufficient to increase the thicknessjo t he
substrate which constitute the vi_br‘aﬁt i_on energy pbpor Tp3998| The
cutoff frequency [err] of the piezoel ectric subsjt t he Jelfect r odes

2 and 2' is not always necessary to be perfectl% he sane on

ot h|surfaces
and a

vibration energies are to be absorbed, the vibration
energy absorbing electrodes 4 and the peripheral surface
of the substrate 1 are split as shown in Fig.20, and the
split electrodes 9 and 10 are bpnded to the front and rear
surfaces with the resistive bon&ing agent 8 described
above. Of course, the resistance value of the bonding
agent should correspond to the frequency of the wave
motions whos; vibration energies are to be absorbed.

Figs. 21a and 21b show another embodiment of a
resonator utilizing a composite material for use in a GHz
band. As shown, boron (B) is doped into one surface of a
silicon block 500, and a recess 600 of a desired diameter
is formed by etching the opposite surface. . |

Then a flat thin layer 700 having a thickness equal
to that of the 1ayér doped with boron and cannot be etched
will remain. Then a lower electrode and its 1éad_wire 800
are formed by vapor'deposition. After that, zn o2 is
sputtered to a desired thickness, and a upper electrode
and its lead electrode 100 are vapor deposited on the £ilm
of Z O,. The_pq:tioﬁs ;ove?ed by the electrodes 800 and
100" are utilized as the vibration energy entrapping
portions having a cutofs frequency £,. The thin layer 7
extending about thé outer peripheries of the electrodes is
uséd as the vibration eﬁergy transmitting portion having a
cutoff frequency fi, and the not etched portion 500 oﬁ the
silicon block is used as a vibration energy absorbing

portion having a cutoff frequency £,. Then a relation £,



slight difference is permssible. Even when the cu f3 of the

vi bration absorbing portions 400 at the periphery pf

substrate varies substantially so long as the condi tf on S
satisfied, there is no problem An el ectrode constjr '
pi ezoel ectric resonator wll now be dgﬁfribed t ha epsat e

> £, > £, holds automatically so that by suitably control-
ling the ratio between'f1 and‘fz, the absolute value of Ez
and the diameters of the electrodes 800 and 100, an over-
tone vibration piezoelectric viprqtor capable of vibrating
at a desired order of overtone vibration can be obtained
since these values correspond respecéively to the plate-~
back amount A, substrate thickness H and the electrode
size a which are the parameters of the entrapping coeffi-
cient. -

As is well known in the art as it is possible to
manufacture extremely thin layer 7 and sputtered Z 0, and
hence having a high fundamental wave vibraticn frequency,
it will be clear that it is possible to provide a high
frequency oscillation circuit havihg 3, Sor 7'£imes
frequency and not requifing any séecial circuit, for
example, a LC tuning circuit. |

The resonator is not'limited to a silicon block.
Although the manufac?uring steps becomes more 6: less
complicated, as shown in_Fig.ZO, an opening having a
desired diameter is formed at the center of an artificial
quarts or.glass block 110 by mechanical machininé or
etching, and a quarts or glass plate 130 is strongly
bonded to one surface of the block by a three layer alloy
bonding.agent.lzo consisting ‘of At-Ag-Jn. After lapping
the quartz or glass plate to a desired thickness, upper
and loweéuelectzodes_soo and 100 and a piezoelectric

portion 900 made of 2, O and sandwitched between the upper



for the deterioration of the resonator characteristic caus€tby_the
devi ation of the position of additional vapor deposition fef é%ﬂggwﬁﬂ
pur pose of fine adjust- nment of the vibration frequency, fapd to ¥a
decrease the influence upon the resonator characteristicfc ﬁg? by thé
difference in the thickness of the plezgslgctric substr aﬁv 9QB
I ncreasing the upper Iimt of the resonadrce frequency. IS a

sectional view show ng the fundanental construction of

such piezoel ectric

and lower electrodes are formed.

Alternatively, an opening is formed through the
central portion'of a metal block 140 as shown in Fig.23,
and a metal plate 150 of the same material is seam welded
to one surface of the metal block 140. Then the metal
plate 150 is lapped to a desired thickness thereby forming
a vibration portion. When such vibration portion is used
as the vibraiion portion, it can be used as the lower
electrode, the piezoelectric substrate can be directly
sputtered onto the thin metal plate 150 and an insulating
film 160 is applied onto only the lead pattern w}ring of
the upper electrode attached to the piezoelectric portion

. 900. Thereafter, the lead pattern is formed.

In addition to Z, 0, AL N agg Cq S can alsc be used
the piezoelectric material, and other method than sputter-
ing can be used as the method of attaching the piezoelec-
tric material.. However, as the sputtering deposition
method is most suitable for preparing extremely thin
piezoelectric layer, this method can satisfy the object of
this invention for pzeparing'a resonator of an extremely
high frequency. 1In this case, usually since the crystal
grows in the axial difection, the vibration mode is
limited to the thickness longitudinal vibration.

Also, in this embodiment, a thickness slip vibration
mode and a thickness twist vibration mode can be used.

In the vibration energy absorbing portion 4 shown in

Fig.3a, the consumption of an overtone vibration on energy



resonator. More particularly, a surface electrode 2_is attached near the
central portion of the surface of a piezoelectric s‘?g?

el ectrode 2' having the same or wider area is attaghg
and the frequency is adjusted by applying an additifodal vapor
the electrode 2'. Wth this neasure, even when thejp S|12qm?
addi ti onal vapor deposition for the fjgfe adjustnen f the
displaces a little, since the area of the

depUT

‘y |

of an order lower than that of the desired overtone
vibration after converting it into heat, is not sufficient
as that the impedance at a corresponding frequency does
not rise sufficiently. Tﬁus a gesired overtone vibration
may become impossible in view of the negative resistance
characteristic of the oscillation circuit as shown in
Fig.24.

‘Accordingly, an experiment was carried out by using
an overtone vibration resonator shown in Fig. 25 in which
the amount of attaching the vibration energy absorbing
electrode 4 was varied for determining the diffe;ence
between the CI value of the fundamental wave vibration and
the CI value of the desired third order overtone vibra-
tion.

fig.zé is a graph showing the résﬁlt of experiment in
which after fixing the size of the exciting electrode 2
made of Ag, the film thickneés is varied for varying the
entrapping coefficient na/3/H. For eight entrapping
cpefficignés, the amount of Ag of the vibration energy
absorbing electrodes 4 was varied to 1, 2, 4 and 8 times
of that of the exciting electrode, and the relation
between the CI value of the fundamental wave vibration to
be suppressed and the CI value of the desired third order
overtone vibration was plotted.

As can be noted from Fig.26, the CI value of the
fundamental wave vibration to be suppressed has a peak

value except a case wherein the ratio (film thickness



addi ti onal

l.i area—ot—tfe
surface electrode, for exanple by about 1.5 tines, therje RE@LMWSSBEE'H t

vapor deposition-is substantially w der thar

of resulting in a new spurious. Even when the spurious{s generated 1t
possible to limt it to.an extrenely | ow | evel, thereby caqung ?oﬁﬁg
Fi g. 28b shows a construction wherein jhe_rear electrodd 4 is exte

cover the entire rear

Ie
dite’

ratio) between the thickness of the energy absorbing
electrode mode of Ag-and that of the excitation electrode
is unify, the peak value increasing with the increase in
the film thickness ratio.

.The same tendency was observed in the fifth order and
the seventh order.ovgrtone vibration resonators althouéh
figures were omitted f;r the sake of simplicity.

Above &escri@ed result of experiment shows that it is
neceésary to make lower the cutoff frequency of the
vibration energy absorbing portion than that of the vibra-
tion energy absorbing portion attached with an excitation
electrode. Otherwise, it is impossible to have a suffi-
cient difference between the CI value of the overtone
vibration of an order at which the vibration is desired
and that of the lower order overtone vibration containing
the fundamental wave vibration to be suppressed, thus
disenabling stable vibration at a desired frequency.

Whgn.designinq an overtone vibration piezoelectric
resonator as shown in Fig.3a, it is essential to select
the relation between a film thickness ratio at which the
CI value for an overtone vibration of an order at which
the vibration is desired to be extremely low while the CI
value of the overtone vibration of a lower order including
the fundamental wave vibration is extremely high, and the
value of the ehtrapping coefficient by taking into consid-
eration the result of experiment described above.

The result of experiment shown in Fig.26 shows that



surface of the piezoelectric substrate. This construction has the sane
advant age as that of the enbodi nent shown in Fig.28a. '

position of the vapor deposition nask utilized at the RERLAGEMEMINSHERT: |1 i ng
the resonator may be rough, the construction shown i I'g. 280 13
advant ageous fromthe point of produce ability. The i ZOfb [ i%r,tor
havi ng the el ectrode construction jd§t4%é§cribed I s gdyant ag S r-the

i

e f.
kllbvo \~a) &

following application. It is inevitable that the thi

optimum parameters for the third order overtone vibration
resonator cén be obtained when the film thicknéss ratio of
the energy absorbing portion to the excitation electrode
is selected to be 4 and the entrapping coefficient na/a/H
is selected toc be about 4.5. |
For decreasing the cutoff frequency of the vibration
energy absorbing portion, it is not only possible to
elongate oniy the vapor deposition time of a conductor to
the portion, and to form a recess at the central portion
of the piezoelectric substrate 1 as shown in figs. 27a
througﬁ 27c for creating a difference between cutoff
. frequencies. Alternatively, as shown in Fig.27a, the same
material a" as the electrode can fufther be vapor deposit-
ed onto the vibration energy absorbing portion 400 thus
formed. The cutpff frequehcy can be made more lower by
usiﬁg a vapor deposited material having a higher specific
gravity than that of the electrodes 2 and 2' (Fig. 27b).
Further, as shown in Fig.27c, for the purpose of
obtaining a higher overtone vibration frequency, where the
portions of the piezoelectric substrate én which the
electrodes are to be attached are made particularly thin,
it is sufficient to increase the thickness of the portionms
of the substrate which constitute the vibration energy

absorbing portions.

The cutoff frequency £, of the piezoelectric

_ 2
substrate about the electrodes 2 and 2' is not always

necessary to be perfectly the same on both surfaces and a



pi ezoel ectric substrate varies nore or |less during the

In such case, in the prior art vibrator, the resonance |f ENTSSHEETC ed

by applying an additional vapor deposited filmonto thg qurface eI'gcrradg.

This measure can elimnate variation in the resonance fir qupgqmgrq?%%s'n e
£

t he amounts of plate back are different, the amount of Jedtrapping
vi bration energy is also different. As4%h Tonsequence, {hestate—o

occurrence of the spurious caused thereby is different {for respective
vi br at ors. '

slight difference is permissible. Even when the cutoff
frequency £, of the vibration absorbing portions 400 at
the periphery of the piezoelectric substrate varies
substantially so long as the cop&;tion f3.< f1 is
satisfied, there is ﬂo problem.

An electrode construction of the piezoelectric
resonator will now be &escribed that enables to compensate
for the dete;idration of £he resonator characteristic
caused by the deviation of the position of additional
vapor deposition effected for the purpose of fine adjust-
ment of the vibra;ion frequéncy, and to greatly decrease
‘the influence upon the resonator characteristic caused_by
the difference in the thickness of the piezoelectric
substrate thereby increasing the upper limit of the -
resonance frequency. -

Fig.28a is a sectional view showing the fundamental
construction of the electrode of such piezoelectric
resonator.

More particularly, a surface electrode 2 is attached )
near the central portion of the surface of a piezoelectric
substrate 1 and ;.réar electrode 2' having the same or
wider area is attached to the rear surface, and the
frequency is adjusted by applying an additional vapor
deposition to the electrode 2°'.

With this measure, even when the position of the
additional vapor deposition for the fine adjustment of the

frequency displaces a little, since the area of the



- 51 - Wien this electrode construction is applied to such. cas

re

arises an effect as shown in Figs. 29a and 29b. More pargtimulaaENT SHBRED
addi ti onal 4 f
t he rear

vapor deposi- tion film 300 is added to the|entire-surace
el ectrode 2' covering the entire rear surfaceias shown in

{—_1 OCT 1998
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additional vapor deposition is substantially wider than
the area of the surface electrode, for example by about
1.5 times, there is no possibility of resulting in a new
spurious. Even when the spurious is generated it is
possible to limit it to an extremely low level, thereby
causing no problem. Fig.28b shows a construction wherein
the rear electrode 2' is extended to cover the entire rear
surface of ﬁhe_piezoelectrie substrate. This construction
has the same advantage as thét of the embodiment shown in
Fig.28a. However, since the position of the vapor
deposition mask utilized at the time of manufacturing the
" resonator may be rough, thé construction shown in Fig.28b
 is advantageous from the point of produce ability.

The piezoelectric vibrator having the electrode
construction just described is advantageous for the
following application.

It is inevitable that the thickness of a
éiezoelectric substrate varies more or less during the
manufacturing steps. In such case, in the prior art
vibrator, the resonance frequency is matched by applying
an additional vapor deposited film onto the surface
electrode. This measure can eliminaté variation in the
resonance frequency, but since the amounts of plate back
are different;.the_amount of entrapping the vibration
energy is also different. As a consequence, the state of

occurrence of the spurious caused thereby is different for

respective vibrators.



Fi g.29b f.or matching the resonance frequency to that of Fig

.29a, the

overal |l thickness of the piezoelectric substrate 1 increage
ef fect equivalent to that obtained when the natural frequgn

EMENT SHeeT

c4

substrate itself is adjusted. Consequently, not only the adjustment of

resonance frequency of the vibrator is possible but also yi
variation in the characteristic eaBilbe mass produced. Thi§
advant ageous for obtaining a vibrator required to have a hi

br & 2rOCPfiggges
bonstruction i

vl

vy

gh resonance

frequency.

When this glectrode construction is applied to such
case, there arises an'effect as‘shown in Figs. 29a and
29b.

More particﬁlarly, when'an_additional vapor deposi-
tion film 300 is added to the enﬁire surface of the rear
electrode 2' covering the entire rear surface as shown in.
Fig.29b for matching the resonance frequency to that of
Fig.29a, the.overall thickness of the piezoe;ectric
substrate 1 increases so that an effect equivalent to that
obtained when the natural frequency of the substrate

itself is adjusted. Consequently, not only the adjustment

‘of resonance frequency of the vibrator is possible but

also vibrators of less variation in the characteristic can
be mass produced.

This construction is advantageous for obtaining a
vibrator required to have a high resoﬁﬁnce frequency.

More particularly, when preparing a vibrator de-
scribed above, the electrode is desired to have a film
thickness suffiéient to provide a desired percentage of
vibration energy entrapping. The parameter that governs
the percentage of vibration energy entrapping is called an
entrapping coefficient which i; éiven by na /4 /4, where n
designates an order number of the overtone, a the elec-
trode size, 4 the amount of plate feed back and H the
substrate thickness.

Where a vibrator having a high resonance frequency is

desired, the designer is requested to select parameters of




More particularly, when preparing a vibrator de- scrib bove, the
el ectrode is desired to have a filmthickness sufficie tREﬂA% 1‘,4
desired percentage of vibration energy entrapping. The_pr&auaEeE

governs the percentage of vibration energy entrapping fsjcalled an

entrappi ng coefficient which is given by na [err]/H whe}e 2 Qe

or der

“"""1

t
nunber of the overtone, a the #2ee- trode size, [efr] the anount

pl ate feed back and H the substrate thickness. Were vi brat or— mavimg

hi gh resonance frequency is

g
q

an

the entrapping cocefficient for obtaining desired. energy

mode of vibration is used

entrappinq percentaqe.on a mode curve irrespective of what

There is an optxmum value of the entrapping coeffl-

cient that minimizes accompanying auxllxary resonances.

When znvestlgatlng respective parameters of the

entrapping coefflczent, the substrate thxckness H is

substantlally determined by the desired resonance frequen-

cy and the electrode size a is obliged to be determined to

a. predetermined value due to an equivalent inductance

etc., so that only the remaining parameter, that is the

. amount of plate feed back, that is the electrode film

thickness {sum of the surface and rear film thicknesses)

presents a problem.

As can be noted from the definition of the entrapping

éoefficient, the electrode film thickness becomes thin as

prior art vibritor, the thin electrode film is divided

_into equal sections on the front and rear surfaces, the
respective sections can not act as the electrodes from the
standpoint of electroconductivity. As is well known in

the art, the thickness of the electrode film should be

"the resonance frequency increases. Conseguently, in the

larger than 350 R from the standpoint of electroconduct-

ivity irrespective whether what type of metal is used.

Assuming thét the film thickness of the surface

electrode that-determines the vibrator characteristic, for

example, -the frequency of generating the auxiliary reso-



desi red,
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nances is set near the limit of the electraode thickness,
for example about 400'3, this thickness determines the
upper limit of the resonance frequency which is possible
to design. |

Since the film thickness of the large are .a electrode
covering the entire rear surface has no influence upon
such characteristic as the ‘auxiliary resonance, the film
thickness caﬁ be exclusively used to determine the fre- '
quency. For this reason, the thickness
of the front and rear electrodes may be 400 A and more.

This measure enables to realize a piezoelectric vibrator

" having a high resonance frequency'which has been

impossible in the past.

A trially manufactured AT cut quartz vibrator had a
substrate diameter of 5 mm, substrate thickness of 19 um,
a diameter of the surface and rear electrodes of 3 mm, a
film thickness of 700 i, a diameter of the surface elec-
trode of 1.4 mm, 2 film thickness of 500 A and a resonance
frequency of 88 MHz. It was found that there was no
problem of the auxiliary resonance.

Assuming a diameter of 5 mm, a quartz substrate
having a thickness of about 20 um can be manufactured
according to the present technique of polishing quartz.
However, a vibrator having diameter of 5 mm with elec-
trodes of a thickness of about 500 & close to the limit
that satisfies the electrical characteristic attached to

both surfaces of the substrate will have a substrate

the designer is requested to sel ect paraneters of - 52 - the
entrappi ng coefficient for obtaining desired energy
on a node curve irrespective of what node of vibratiof -
opti mum val ue of the entrapping coeffi- cient that m i’
auxiliary resonances. ?

| ng percent age




When investigating respective paraneters of the entrapplng coefficient, the

substrate thickness His substantially determ ned by nce
frequen- cy and the electrode size a is obliged to b P

predeterm ned val ue due to an equivalent inductance dtd., so that onlly{the
remai ning paranmeter, that is the anount of plate feeq Qackp bhgtigeg tih

el ectrode fil mthickness (sum of the Ssurdace and rear} fli | mthi cknessgs
presents a problem As can be noted fromthe definitijormrof~tire—emtTapp

thickness of about 24 microns and its resonance frequency
is limited to about 68 MHz. Thus, by using the electrode
construction of this invention, the upper limit of the
resonance frequency that has begg.considered

possible can be increased by 30%.

Furthermore this electrode construction ié advanta-
geous for ﬁhe electrode of an overtone vibr;tion
piezoelectric vibrator réquiring a delicate adjustment.

Fig.30a is a plan view showing an overtone vibration.
vibrator, which is the most fundamental vibrator utilizing
the lowesé.order symmetric (So) mode. As shown, a
vibration energy entrapping excitation electrode 2 is
pfovided at the center of the piezoelegtric substrate 1
and leaked vibration energy absorbing electrodes 4 and 4f
are attached to suitable positions on the outer periphery
of the piezoelectric substrate, the electrodes 2, 4 and 4'
being formed as conductor vapor deposited patterns.

In the prior art, the construction of the rear
electrode is the same as that shown in Fig.30a.

In an overtone vibration vibrator hawving above '
described electrode construction, unless the gap between
the exciting electrode 2 and the vibration energy absorb-
ing portion 4 is maintained at a suitable value, that is
when the gap is too large, the leaked vibration energy

will not be consumed sufficiently. Consequently, when the

"gap is too small the vibration energy of a desired

overtone vibration too is absorbed and consumed, thus



coefficient,'the el ectrode filmthickness becones thi : pance
frequency increases. Consequently, in the prior art vi brfEPDACEME&ﬁ' SHEEY

el ectrode filmis divided into equal sections on the fjrgrt—ant—ear
surfaces, the respective sections can not act as the 4l 4c ﬁgdgéTfron1the
standpoint of electroconductivity. As iis well known in tihe' &r¥t 1798

t hi ckness of the electrode filmshoutds®e-larger than|3%Q-Lerr] fromfhe

st andpoi nt of el ectroconduct- ivity irrespective whetlher what type of nptal

is used. Assuming that the filmthickness of the surface

&isenabling vibration at the desired frequency. Conse-
quently, where the position of the additional vapor
deposition to the excitation electrode 2. for the.putpose |
of frequency adjustment becomes;different, a serious
problem occurs.

The problem described can be eliminated and the
adjustlng steps can be sxmpllfled by providing a rear
electrode 6 on the rear surface of the substrate, which
covers both of the excitation electrode 2 and the
vibration energy absorbing portions 4, as shown in
Fig.30b.

Since the overtone vibrating vibrator ef_this in-
vention is constructed to generate an overtone vibration
{2 high frequency #ibretion) by utilizing the inherent
characteristic of the vibrator without utilizing any
special means, for example a LC tuning circuit, the fact
that the fundamental frequency of the vibrator is.high is
a desirable characteristic. Accordingly, when the elec-
trode const:uction just described is applied to this
overtone vibrating vibrator not only the problem coccurring
at the time of adjusting the vibrator characteristic can
be solved but also the resonatce frequency of the vibrator
can be increased, which are extremely advantageous.

In a vibrator having a single exciting electrode 2,
whether the rear electrode 2' has a small area (Fig.31la)
or a large area covering the entire rear surfece (Fig.31b)

it is necessary to lead out a lead pattern 5. However,



el ectrode that determ nes the vibrator characteristic, for exanple, the
frequency of generating the auxiliary reso- 53 nancfs“rs—se+-naaL=Lng
limt of the electrode thickness, for exanple about 40 FERHAFEMENTSSHEET
t hi ckness determ nes the upper limt of the resonance qUENTY ™ MTi=eF

possi bl e to design. e | 12 0CT 1998

-

_

the relative size 65 the rear electrode 2' and the lead

pattern S causes an uhbalance of the mechanical vibration
of the piezoelectric substrate. To alleviate such unbal-
ance, a balancing pattern Sa"acping as a counter balance
weight is added to a suitable poftion of the exciting
electrode.

This construction can'aisb be applied to a two port
vibrator whe?ein the exciting electrode is divided into a
piurality of sections or to a dual mode filter having a
similar electrode construction.

Fig.32a shows the electrode construction whgn the

- present invention is applied to a two port vibrator or a
dual mode filter. Fig.32b shows the electrode con-
struction when ghe present invention is applied to an
overtone vibfation-viﬁbifor utilizing the lowest.order
asymmetrical (a,) mode vibration, and Fig.32c shows the
electrode construction when the present invéntion is
applied to an overtone vibration vibrator utilizing a

higher order symmetric (sl) mode vibration

With these electrode constructions, the problem of
spurious caused by the displacement of the vapor
deposition portion can be eliminated with simplified
adjustment, etc. by merely varying the area or thickness

of the electrode on the front or rear side of the



Since the filmthickness of the large are a el ectrode covering the-entire

rear surface has no influence upon such characteristic as e auxiliary =
resonance, the filmthickness can be exclusively used to {eggi ' g@ éfg@%ﬂr
guency. For this reason, the thickness of the front and r at—&Le _E > nay
be 400 [err] and nore. This neasure enables to realize a pigzoelectric

e
vibrator having a high resonance fregyepcy which has beenji Tpds%iGﬂTe';ggg tihe
past. Atrially manufactured AT cut quartz vibrator had a ;J

vibrator. In addition, variation in the vibrator
characteristic caused ‘by the variation in the percentage
of vibration energy entrapping caused by the variation in
the thickness of the piezoelec;;ic substrate, when the
vibration frequency thereof is adﬁusted.

Moreover, as it is possiblé to increase the'upper
limit of the frequency of thé-vibrator the invention can
provide a vibrator having an excellent temperature charac-
teristic and éapable acting as a frequency source for
various electronic apparatus and devices, the operating

frequency increasing in recent years.

APPLICABILITY TO INDUSTRY

Since the resonator of this inventidn is constructed
as above described the resonator c#n readily generaté an
overtone frequency without changing the manufacturiné
steps of the prior art or without adding to the oscil-
tuning circuit. Accordingly, the resonator of this
invention can be advantageously used as a frequency source
of various electronic apparatus and devices which are
desired to operate at higher frequencies and to be con-
structed as-integrated circuits of higher densities.

Further in a conventional piezoelectric reSohator,
especially in such thickness vibration type resonator as
an AT cut quartz resonator having an excellent tgmperatu:e

characteristic, when it is desired to obtain a high



substrate dianeter of 5 mm substrate thickness of 19 [err]m a dlaneter of

t he surface and rear

electrodes of 3 mMm a filmthick

di aneter of the surface elec- trode of 1.4 mm a fil tﬁﬁN.KOEMBWDSHE@F)
[err] and a resonance frequency of 88 MHz. It was fouhd ~&S [NO
probl em of the auxiliary resonance. Assunming a di anet tz
substrate having a thickness of about 20 err]n1can

according to the present techni que of po?lshlng guart at or
havi ng di ameter of 5 nmwth el ec-

frequency at thé fund?mental wave vibratién, thé thickness
of the piezoelectrics substrate becomes extremely_sméll,
thus.making it difficult to manufacture. However, accord-
iﬁg to this invention}.the resopator can be readily
excited at an overtone frequency so £hat the thickness of
the piezbelectric substrate can be selected in a range of
ready manufacture thereby deéreasing the manufacturing

cost.



trodes of a thickness of about 500 [err] close to the
the electrical characteristic attached to both surface

: that satisfies
wi |l have a substrate - 54 - thickness of about 24 mm juﬂ(mmﬁ"r

resonance frequency is limted to about 68 MHz. Thus,

by usi ng thes =

el ectrode construction of this invention, the upper i mit of the

-59-
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1. An overtone oscillation piezoelectric resonator
mcludmg a piezoelectric substrate which comprises:
a vibration energy entrapping portion having 2 cutoff

frequency fi; -

a portion having a cutoff frequency f3 (whcre fi<f)

and bemg prov1ded around said vibration energy
entrapping portion so as to strongly excite every
order of overtone vibrations on a harmonic mode
or on a specific anharmonic mode; and

at lease one vibration energy absorbing area having a

cutoff frequency fy (where f3f2), said vibration en-
ergy absorbing area being spaced from said energy
entrapping portion by a gap of a predetermined

distance and extending substantially to an edge of

said piezoelectric substrate, said gap consututmg a
vibration energy propagating. portion,

wherein the thickness of said piezoelectric substrate,

amount of plate back defired by (f2—f1)/f and the
size of said vibration energy entrapping portion are

determined such that the vibration energy of over- .
- tone vibrations whose orders are equal to or higher

than n-th order which is strongly excited is substan-

tially entrapped within said vibration energy en-

trapping portion and its periphery while the vibra-

tion energy of overtone vibrations of (n—2)th

order or lower order including the fundamental

~ vibration is caused to spread over the entire body

of said piezoelectric substrate, the width of said gap
between said vibration energy entrapping portion
and said vibration energy absorbing area being



resonance frequency that has been consi dered possible can be increased by

30% Furthernore this el ectrode cons s_advanta- geous for the
el ectrode of an overtone V|brat|o Iectrlc Vi br atg

delicate adjustnment. Fig.30a is a if g an owgp

vi brator, which is the nost fundanEnt@. t||

synnetric [err] nbde. ‘As shown, a V|brat|on eﬁergy ent a-plng exc
el ectrode 2 is provided at the center of-the piezoele

such that substantially all of said entrapped vibra-
tion energy is unleaked to said energy absorbing
area, and a great deal of said spread vibration-en-
ergy is absorbed through said vibration energy
absorbing area, thereby making easier oscillation
caused by said n-th overtone vibration than oscilla-
tion caused by overtone vibrations of (n-2)th order
or lower order including the fundamental vibra-
tion. :

- 2. The resonator as set forth in claim 1 wherein said
vibration energy entrapping portion comprises a single
energy entrapping portion.

3. The resonator as set forth in claim 1 wherein said
vibration energy entrapping portlon is split into at least
two sections.

. 4. The resonator according to claim 3 wherein said
vibration energy ertrapping portion excites higher or-
ders of the symmetric (anharmonic) mode vibration.

5. The resonator as set forth in claim 3 wherein said
vibration energy entrapping portion excites the asym-
metric (anharmonic) mode vibration. | .

. ' 6. The resonator as set forth in claim 1 wherein 2

- resistor of a predetermined resistance value is con-
nected across electrodes attached to opposing surfaces
‘of said vibration energy absorbing area, thereby increas-
ing consumption of the vibration energy spread over
the entire body of said substrate.

7. The resonator as set forth in claim 6 wherein the
value of said resistor connected across said electrodes is
made substantially equal to (2nf, C,)—! where C, repre-
sents capacitance between said electrodes, and f, repre-
sents an overtone frequency whose vibration energy is
to be absorbed.



and | eaked vi bration energy absorbing electrodes 4 and 4' are attached to
suitabl e positions on the outer peri f the piezoelectric substrate,
the electrodes 2, 4 and 4' being for%por deposi t ed
patterns. In the prior art, the consM@ rear t he
sane as that shown in Fig.30a. In an ” %Mn vi o REPLACEMENT G
above ‘descri bed el ectrode construction, unléssnt be

el ectrode 2 and the vibration energy absor b- i ng portion s i ned
a suitable value, that is - 61 - ' ﬁ&éf

;—‘i

8. The resonator as set forth in claim 6 wherein the
value of said resistor connected across said electrodes is
made to be substantially equal to (2fm C,)—! where fn,
represents a predetermined frequency which takes a
value between a plurality of overtone frequencies in-
cluding a fundamental frequency to be absorbed.

9. The resonator as set forth in claim 6 wherein said
electrodes attached to both surfaces of said vibration
energy absorbing area are divided into a plurality of
sections and the values of resistances connected across

“the electrode sections are made to be substantially equal
to 2mfay Co)—!, (2mrfr3 Co)—l-——respectively where fai,

* fa3 — represent a fundamental frequency and a third
order overtone frequency -—.

10. The resonator as set forth in claim 1 wherein the
cutoff frequency Ij of said vibration energy absorbing
area is smaller than that f| of said wbratxon energy en-
trapping portion.

. 11. The resonator as set forth in claim 1 wherein a

surface electrode of said vibration energy entrapping
portion is attached to said piezoelectric substrate and a -
rear electrode having a larger area than said surface

electrode is attached to the rear surface of said piezo-

- electric substrate so as to decrease variation in the reso-

nator characteristics caused by adjustment of the film

thickness or the area of the electrode.



when the gap is too large, the IWrgy will not be consuned
sufficiently. Consequently, when gap is too |l the vibration energy
of a desired overtone vibration toQugg mm@ \;ﬂ@@consumad, t hus - 55
- disenabling vibration at the desﬁ\“\“\ Lsoonse- quently, where fhe
position of the additional vapor = ¢ Lo " REPLACEMENT SHEET

-62- 1 12.0CT 9%

12. The resonator as set forth in claim 11 wherein said
surface electrode is divided into a plurality of sections.

13. The resonator as set forth in claim 11 wherein a
balance pattern having a mass corresponding to that of
‘a lead pattern extending between said surface electrode
and the periphery of said substrate is provided for the
surface of said piezoelectric substrate for balancing the
vibration of said resonator. o

14. The resonator as set forth in claim 2 wherein said
vibration energy entrapping portion excites the lowest
order of the symmetric (harmonic) mode vibration.

15. An overtone oscillation piezoelectric resonator

comprising:

a block made of a vibration medium, and having a

* cutoff frequency f3; |

a thin layer portion made of the same material as said
vibration medium, and provided at a predeter-
mined portion of said block;

a piezoelectric material portion including an excita-
tion electrode attached to substantially the center
of the thin layer portion, for providing a vibration
energy entrapping portion having a cutoff fre-
quency fi (where fi=f3), a part of said thin layer
portion extending between said vibration energy
‘entrapping portion and said part serving as a vibra-
tion energy propagating portion baving a cutoff
frequency f2 (where f5> f1), said block serving as a
vibration energy absorbing area having a cutoff
frequency f3 and adapted to absorb vibration en-



deposition to the excitation ele éy%y for t-he_pur pose of frequency

adj ust nent becones-different, a occurs. The proble
descri bed can be elimnated and the féggfps c
providing a rear electrode 6 on the rear %ur t.

‘absorbing portions. 4, as shown in Fig.30b. Since the
vi brator of this in- _ -63-

ergy pmpagatcd through said vibration energy
propagating portion;

wherein configuration of said excitation electrode is

determined so as to strongly excite every order of
overtone vibrations on a harmonic mode or on a
specific anharmonic mode, and an entrapping coef-

ficient n aVA/H in said strongly excited mode
(where “n” represents a desired harmonic overtone
order, “a” the size of said energy entrapping por-
tion, “A™ the amount of plate back defined by
(f—f1)/f3 and “H” the thickness of the vibration
energy propagating portion) is determined such
that substantially all of the vibration energy of
overtone vibrations whose orders are equal to or
higher than n-th order is entrapped within said
vibration energy entrapping portion and its periph-
ery while leaking the vibration energy of overtone
vibrations whose orders are lower than said n-th
order via said vibration energy propagating por-

tion so as to consume the vibration energy through
said vibration energy absorbing area, thereby en-
hancing oscillation caused by the n-th overtone
vibration more than oscillation caused by overtone -
vibrations lower than the n-th order mcludxng the
fundamental vibration.

16. The resonator according to claim 15 wherein said
vibration medium is silicon.

17. The resonator as set forth in claim 15 wherein said
block is made of quartz or glass, and a quartz or glass
substrate is bonded to an opening formed at a predeter-
mined portion of said block with a bonding agent, and
said substrate is ground to have a predetermined thick-
ness. :



vention is constructed to generate an overtone vibration (a high frequency
vibration) by utilizing the inher mn" I3t of the vibrator wthout
utilizing any special neans, for 33 m]ﬂmﬁmnmn;g circuit, the fact that
t he fundanmental frequency of the vibrator i htgh*is a d
characteristic. Accordingly, when the elec- trode constr ctﬂEBhA(iij!T SHELT
described is applied to this overtone vibrating vibrator n Vthe w——

probl em occurring at the tinme of adjustingthe vibrator raghe t caqn
be sol ved but al so the resonance frequency of the vibr at r fb 6&? {988

18. The resonator as set forth in claim 15 wherein said
vibration medium is metal, and a substrate made of the
same metal is attached to an opening formed at a prede-
termined portion of said block, and said substrate is
ground to have a predetermined thickness.

19. The resonator according to claim 14 wherein said
piezoelectric material comprises Z,0, AlN, or CS.

] - . L



can be increased, which are extrenely advantageous. * In a vibrator
‘having a single exciting el ectrode 2, whether the rear el gl

smal | area (Fig.31la) or a large area covering-the entire!
(Fig.31b) it is necessary to |lead out a | ead pattern 5.
the relative size of the rear electrode 2' and the | ead 12 QCT 1598
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PDQIEU&ﬁRICEESGWﬂ!ES FOR OVERTONE OSCILLATIONS

ABSTRACT OF THE DISCLOSURE

For the purpose df'utilizing the characteristic in a
vibration energy entrapping moae of a higher order symmet-
ric or asymmetric mode vibration éénerated when a piezo-
electric resonator is excited, a portion having a cutoff
frequency f2 is provided about an energy entrapping
portiéh having a cutoff frequency f1 (f1 < fz) for
strongiy exciting a higher order symmetric or asymmetric
mode vibration. The size of the'energy entrapping portion
(electrode) , amount of plateback (fz;fl)/fz,_and the
substrate.thickness are selected such that the vibration
energy of the overtone vibration of an order higher than
the n-th overtone is substantially entrapped in a portion

‘near the'periphery of the energy entrapping portion, while
the overtone vibration energy of an order lower than the
(n-2)th order and including the fundamental wave vibration

_is caused to spread over the entire surface of the sub-

strate.

(Figure 3a & 8a)



pattern 5 causes an unbal ance of the mechanical vibration of the

pi ezoel ectric substrate. To alleviate such unbal- ance, a bal ancing pattern
Sa acting as a counter balance weight is added to a suitable portion of the
exciting electrode. This construction can also be applied to a two port

vi brator wherein the exciting electrode is divided into a plurality of
sections or to a dual node filter having ﬁhsinilar el ectrod nstruction.
Fi g. 32a shows the el ectrode constructi or Wien t he -REPLAGE@FNT SHEET
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present invention is applied to a two port vibrator or a dual node filter.

Fi g. 32b shows the el ectrode con- struction when the present invention is
applied to an overtone vibration vibrator utilizing the | owest order
asymmetrical [err] node vibration, and Fig.32c shows the el ectrode
construction when the present invention is applied to an overtone vibration
vibrator utilizing a higher order symretric [err] nbde vibration Wth these

el ectrode constructions, the probl em of sPuarious caused by the displacenent ™
of the vapor

REPLACEMENT SriezT
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FIG 2 b .




deposition portion can be elimnated with sinplified adjustnent, etc.. by
nmerely varying the area or thickness of the electrode on the front or rear
side of the vibrator. In addition, variation in the vibrator
characteristic caused by the variation in the percentage of vibration
energy entrappi ng caused by the variation in the thickness of the

pi ezoel ectric substrate, when the
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vi bration frequency thereof is adjusted. Moreover, as it is possible to

I ncrease the upper limt of the frequency of the vibrator the invention can
provi de a vibrator having an excellent tenperature charac- teristic and
capabl e acting as a frequency source for various el ectroni c apparatus and
devi ces, the operating frequency increasing in recent years. APPLICABILITY
TO | NDUSTRY Since the resonator of this invention is constructed as above
descri bed. the resonator can readily gener“a‘te an

FIG 4 a
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—.‘ REPLACEMENT SHEET
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overtone frequency w thout changing the manufacturing steps of the prior
art or wwthout adding to the oscil- lation circuit any specific circuit,

for exanple, a LC tuning circuit. Accordingly, the resonator of this

i nvention can be advantageously used as a frequency source of various

el ectroni ¢ apparatus and devices which are desired to operate at higher
frequencies and to be con- structed as integrated circuits of higher
densities. Further in a conventional -§i€zoel ectric resonator, especially in
such thickness vibration type resonator as

FIG 5
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an AT cut quartz resonator having an excellent tenperature characteristic,

when it is desired to obtain a high - 58 - frequency at the fundanental
wave vi brati-on, the thickness of the piezoel ectrics substrglehecones

extrenely small, thus making it difficult to nanufacture.giﬁﬂgqﬂCimaﬁﬂ@ﬁﬁﬁT
ing to this invention, the resonator can be readily s W
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excited at an overtone frequency so that the thickness of t e,plezoelectrlfgr

substrate can be selected in a range of ready nmanufacture t ej er
mid ST 198
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1. An overtone oscillation piezoelectric resonator including a

pi ezoel ectric substrate which conprises: a vibration energy entrapping
portion having a cutoff frequency [err]; a portion having a cutoff
frequency [err] (where [err] < [err]) and being provided around said
vi bration energy entrapping portion so as to strongly excite every order of
overtone vibrations on a harnonic node or on a specific anharnonic node;
and at | ease one vibration energy absor@ﬁﬁgaagea having a

20 .
\‘_ff 2a — 20

| H[ | 11
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FIG 8 b
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cutoff frequency f3 (where [err]),

said vibration en- ergy absorbing area

bei ng spaced from said energy entrappi ng portion by a gap of a
predet ermi ned di stance and extending substantially to an edge of said

pi ezoel ectric substrate,
propagating portion.

said gap constituting a vibration energy
wherein the thickness of said piezoelectric

substrate, anount of plate back defined by ([err])/f and the size of said
vi bration energy entrapping portion are d&-erm ned such that the vibration

energy of over-
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tone vi brations whose orders are equal to or higher than n-th order which
Is strongly excited is substan- tially entrapped within said vibration
energy en- trapping portion and its periphery while the vibra- tion energy
of overtone vibrations oF (n-2)th order or |ower order including the
fundanmental vibration is caused to spread over the entire body of said

pi ezoel ectric substrate, the width of said gap between said vibration
energy entrapping portion and said vibraﬂPOn_energy absor bi ng area being

. FIG 10 a
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- 60- such that subs lally all of said entrapped vibra- tion energy is
unl eake Id energy absorbing area, and a great deal of said spread

' lon en- ergy is absorbed through said vibration energy absorbing
area, thereby nmaking easier oscillation caused by said n-th overtone

vi bration than oscill a-

-1-
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.tion caused by overtone vibrations of (n-2)th order or |ower order

I ncl udi ng the fundanental vibra- tion. 2. The resonator as set forth in
claiml1 wherein said vibration energy entrapping portion conprises a single
energy entrapping portion. 3. The resonator as set forth in claim1l wherein

said vibration energy entrapping portion is split into at |east two
sections. 4. The resonator according to claim3 wherein said

FIG 13 a - |
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vi bration energy entrapping portion excites higher or- ders of the
symmetric (anharnonic) node vibration. 5. The resonator as set forth in
claim 3 wherein said vibration energy entrapping portion excites the asym
‘metric (anharnonic) node vibration. 6. The resonator as set forth in claim
1 wherein a resistor of a predeterm ned resistance value is con- nected
across el ectrodes attached to opposing surfaces of said vibration energy
absorbing area, thereby increas- ing coddunption of the vibration energy
spread over
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the entire body of said substrate. 7. The resonator as set forth in claim6
wherein the value of said resistor connected across said el ectrodes is nmade
substantially equal to (2[err]) where:[err] repre- sents capacitance

bet ween said el ectrodes, and [err] repre- sents an overtone frequency whose
vibration energy is to be absorbed.
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- 61- 8. The resonator as set forth in claim6 wherein the value of said
resi stor connected across said electrodes is nade to be substantially equal
to (2[err]) where [err] represents a predeterm ned frequency which takes a
val ue between a plurality of overtone frequencies in- cluding a fundanental
frequency to be absorbed. 9. The resonator as set forth in claim®6 wherein
said el ectrodes attached to both surfaces of said vibration energy
absorbing area are divided into a pluratliy of
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sections and the val ues of resistances connected across the el ectrode
sections are nade to .be substantially equal to 2[err]fn[err] Co)[err],
(2[err]fn[err] Co)[err] respectively where [err], [err] represent a
fundanmental frequency and a third order overtone frequency 10. The
resonator as set forth in claim1 wherein the cutoff frequency [err] of
said vibration energy absorbing area is smaller than that [err] of said
vi bration.energy en- trapping portlon 416 -The resonator as set forth in

claiml wherein a

'FIG 17
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surface el ectrode of said vibration energy entrapping portion is attached
to said piezoelectric substrate and a rear el ectrode having a | arger area
than said surface electrode is attached to the rear surface of said piezo-
electric substrate so as to decrease variation in the reso- nator
characteristics caused by adjustnent of the filmthickness or the area of
t he el ectrode. .
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- 62 - 12. The resonator as set forth in claim 11l wherein said surface
“electrode is divided into a plurality of sections. 13. The resonator as set
forth in claim1l wherein a bal ance pattern having a nmass corresponding to
that of a lead pattern extendi ng between said surface el ectrode and the
periphery of said substrate is provided for the surface of said

pi ezoel ectric substrate for bal anci ng the vibration of said resonator. 14.
The resonator as set forth in claim2 wh&8ein said
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vi bration energy entrapping portion excites the | owest order of the
symmetric (harnonic) node vibration. 15. An overtone oscillation

pi ezoel ectric resonator conprising: a block nade of a vibration nedi um and
having a cutoff frequency [err]; a thin layer portion nade of the sane
material as said vibration nmedium and provided at a predeter- m ned

portion of said block; a piezoelectric material portion |ncludrﬁg~an___;_~_‘_-
exci t a- -19- ] REPLACHMENT SHEET
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tion electrode attached-to substantially the center of the thin- Ia%gr
portion, for providing a vibration energy entrapping portion havig:,
a.cutoff fre- quency [err] (where f[err]), .a part of said thi

portion extending between said vibrati energy entrapping
part serving as a vibra- tion energy pfopagating portion he
frequency [err] (where f[er]> f[err]), said block serving

energy absorbing area having a cutoff frequency f3 and ad
vi bration en-
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- -63 - ergy propagated through said vibration energy propagating portion
wherein configuration of said excitation electrode is determned so as to
strongly excite every order of overtone vibrations on a harnonic node or on
a specific anharnoni c node, and an entrappi ng coef -

-21-
| o ;.;'ﬁ‘_c_f_"_dfur SHEET
| | Z 1 12 0CT 1998
FfG 27 a
) . 2 . .
7—&@__1_' _,400
40{ t fa fi f ‘h.‘
4 2' 1
S ' 5
FIG 27 b.

Y e [ ] 400
~ ta _fa ' fa f4 1
~20

fy 2' 1 /

I



ficient n aferr]/Hin said strongly excited node (where "n" represents a
desired harnonic overtone order, "a" the size of said energy entrapping
por- tion, "[err]" the anmount of plate back defined by ([err]-[err])/[err]
and "H' the thickness of the vibration energy -propagating portion) is
determ ned such that substantially all. of the vibration energy of overtoone
vi brati ons whose orders are equal t421H hlgher than n- th ord1>“%s ent r apped
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ery while |eaking the vibration energy of overtone vibrations

are lower than said n-th order via said vibration energy prop
tion so as to consune the vibration energy through said vibratfi nergy
absorbi ng area, thereby en- hancing oscgjlation caused by thefn th 3\&1%
vi bration nore than oscillation caused by overtone vibrationsf| t han
the n-th order including the fundanental vibration. 16. The rfesonator
according to claim15 wherein said
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vibration mediumis silicon. 17. The resonator as set forth in claim15
wherein said block is made of quartz or glass, and a quartz or glass

substrate is bonded to an opening fornmed at a predeter- mned portion of
said block with a bonding agent, and said substrate is ground to have a

predet erm ned thick- ness.
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-64 - 18. The resonator as set forth in claim15 wherein said vibration-
mediumis netal, and a substrate nade of the sane netal is attached to an
opening formed at a prede- term ned portion of said block, and said
substrate is ground to have a predeterm ned thickness. 19. The resonator
according to claim14 wherein said piezoelectric material conprises [err],

AN, or [err]. _ 5

REPLACEMENT ez

FIGZ;

IRy, .

H {2' fy ! fz
) ey b4
b . -a x ¢ b
- = —m]
—_—

This Sheet Has Replaced

i I

FIG 2 b .

05~

001
0.1 ng
| . ==/7 1 0 -



N FIG 3 a
2a
4 3 . 2 3 4
ya DI IS T TN 1////];1-’ ‘ 77777;77
f3 fa fy fa fa <1
4‘44ff4! }' Ell/://///{JTI/////////III i' 2
4 3 2 3 4
T()Yr i .
o510} ' . . . _
20708 \ - S REPLACEMENT SHEET
404 08F 12 oct
s04 04 -
804 0.2 ' S0
. i ] [ 1
100 0 IST 3RD g3 JTH 1.0 1.5 ,
ORDER ORDER STH ORDER ' 87
- ORDER H
FIG 3 ¢

1ST,"ORDER
2ND ORDER

[

/
7T STH ORDER
ORDER = - This Sheet Has Been RT

T




CI (q)

250+

200

1SOF

100}

50 f

1.0 1.5 2.0 2.5 3.0 3.5 0/a



() resisTance

AEPLAGENENT SHEE;

‘ \ 12-0CT 998
FIG 5
=== ABSOLUTE VALUE OF NEGATIVE
RESISTANCE OF OSCILLATING
) CIRCUIT
1ST ORDER " 3RD ORDER STy 7TH ORDER  9TH
: ORDER ORDER

A

FREQUENCY f

* This Sheet H; Replaced

i il Illl



T OGHELT

12 0CT 1998

gf;hprgcgﬁ;%

FIG 6 b

‘FIG 6 a

.- FIG6g : .

i

‘This Sh

i

FIG 6 .e

FIG'6 d.




3 4
?IG 7 b
4 2 AR
—7-ﬁ—a. | e vy " /'
4 2 4
FIG 7 ¢ _
4 B 2 4

7 / ey
L7 7 T 7T Dy
s r 2T T T T S . -
" '-4—4] . . /' %

\ >

MIIIIIIIIIIII’III‘I

This Sheet I Replaced !

Wi Z/



Ty

254

S0 O5r

751

0.1

1004 @

F‘I%-E a

T e oot

REPLACEMENT SHEET
r‘--u—_

| 12 0CT 1998

09}

08k

0.7p

Q6f

04t

03

-] 0.2f

1ST onosa\\\\\\\igo ORDER

12 2208 3

This Sheet Has Been Repla

I

'lllced |

Uil




REPLACEMENT SHEET

e 12 OCT. 1998
FIG 9
vy ¥
i /°-)|.0
09k
i
08} 1
25 :
0.7} ‘}
: :
0.6} : i
N .. 3RD-
50-05} ' ORDER
. P
10.8F L
‘f N
0.3} YIS
s (| |
0.2} : !
18T 3RD
0.1} ORDER ORDER
1ST oans’a{
104 o b
0.01 0.1 .

" This Sheet Has Been Reilaced E '

LT




is Sheet Has Been Re

i

_’,//',‘. ‘




-11 -

FIG 11 a'

FIG 12 d

\

This Sheet H

Wi




«12 -

FIG 13 a ° _
60 20 ";REPLACEM“ENT SHEET
—h" '——‘;’2& | Sy 12 OCT 1998
| S 7“‘“ u&a(z' 1 . | -
30 300 1 )
' FIG 13 b _"
) 76' 20 20 70
R N N
80— — 1780
S ST i G
70 7 30 30 1 70
FIG 13 ¢
80 ,,,zf, 20
60
yd rrrrn
90~ — -
80 30 30

80—

‘This Sheet Hag Been

I llll I f"l



13- -

£IG 13 a

AT CUT QUALTZ
SUBSTRATE FREQUENCY
ELECTRODE AG 400A

.LOWEST ORDER ASY%METRIC MODE
SPLIT IN 2

ELECTRODE CONNECTION PARALLEL

FIG 14 p

60

______________________f
- This Sheet Has. Been R

I Illl

SUBSTRATE FREQUENCY
ELECTRODE AG 400A

LOWEST ORDER ASYMMETRIC MODE
SPLIT IN 2

. ELECTRODE CONNECTION PARALLEL




-14 -

FIG 15 a
cl
{(n)-
500(
400}
300 - , . \
' i \ ~ 1ST ORDER
200}
100F N B :
'\i :3RD ORDER
0 40 500 800 ELECTRODE THICKNETH ( A)
FIG 15 b
cI
(n)
1400 r
1200 }

1000 ¢

800 . '\(15'1' ORDER

soo | - . .
\‘\

) Thls Sheet Has B laced -
wol ” m [’
200 | :

~— 3w ORDER

~0.25 0.5 075 - 1.0 cap (mm)



-15 -

FIG 16 a

70° 20 20 70’
/1 : T
50 "f;f” ,‘.,““ v ; T
70 ki REPLACEML—W SHEET |
12 oCT 19?87
FIG 16 b
1 20 20
i —/ L —— 80
60 [ I m S
30 30
o FIG 16 ¢
80 1 20 20 80
ey ) ke e 1====4=:_,60
60 J N ) — ‘
T T
80 30, 30 80

Thxs Shee

i i i



yyd

-16-

FIG 17

ll/f/////////7//////////f1

fa

fs

WLl 27772777 2LlLlezZlzAa

2'

i III fl '



-17 -

FIG 19 v

229 L)

— . [ REPLACEMENT SHEET |

12 OCT 1998

- This Sheet Has Been Repl

HIIIIH IIIIH i IIII



-18 -

FIG 21 a FIG 71 Q

100 300 gog 900

Sheet Has Been Rep laced

||II|||| T




(D) RESISTANCE

19

FIG 24

7TH 9TH
LST ORDER JRD ORDER ORDER ORDER OROER

T

RESONATOR IMPEDANCE

TE VALUE OF
RESISTANCE
ILLATION CIRCUTL

FaEQuexncyf

FIG 25

AT CUT QUARTZ
SUBSTRATE FREQUENCY

1 36.6825MH 2
ELECTROOE Ag /400A
PALALLELY CONNECTED
ELECTRODES
This Sheet Has Been Replaced: '




Cl
()

1000

800

600}

- 400f

200

-20-

FIG 26

ENGACY ABSORB-

oTLN (mmnm__)
THICKNESS RATIO\  cESGIRENE

O===0 15T ORDER i
O —— O 3RD ORDER
¥ ====X 1ST ORDER 2
X———X 3RD ORDER
A====4 15T ORDER A
a — 4 3RD ORDER
O==—=0 1ST ORDER 8

. Q== 0 3RD ORDER

40

This Sheet-Has Been Re

il



-21-

i?.fPi.ACEMENT SHEET

FIG 27 a

g S
40{ fJ f f| fl "J ) o
e 2' |
: g
FIG 27 b.

FIG 27 ¢

""'L__;__-——1222522*——“"'-J__-—-
' _400
el fa 2 - i
-0 W g
5 1 T

placed

i,



FIG 28 a FIG 28 b

/2 ‘ 2
% e e B
2 2
" FIG 29 a - FIG 29 b
2 ' . | 2 .
= te - 1 ' 1 te
11 [ S 2 L e
=" 00 T

This Sheet H

| H"Illl i Iﬂl Ill i



FIG 31l b

: FIG 32 1 .

FIG 32 ¢

This Sheet Has Been Replaced

- AV II




