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PIEZOELECTRIC RESONATORS FOR OVERTONE OSCILLATIONS

Field of Art

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.

- Background Art

In recent years, demand for higher frequency opera-

tion and miniaturization has become further increased in

.electric communication apparatus and various electronic

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 néw being used in
many fields of application.

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 circuit to make 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 extremely inconvenient

-

S




€

e

10

15

20

25

for the oscillation circuit to be incorporated into an
integrated circuit.

. On ‘the other hand, as is weli known in the art, the
oscillation frequency of a SAW resonator is principally

determined by the material constituting a piezoelectric

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

electrodes formed on the surface of the piezoelectric
substfate so that not only the resqnator itself can be
miniaturized but_also above described circuit problems can
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

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-

tion of a‘desired overtone 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.

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

ed as follows:'

This Sheet Has Been Replaced




)

e '

10

15

20

25

More particularly, for the purpose of utilizing the
cheracteristic in a vibration energy entrapping mode of ei
higher over symmetric or asymmetric'mode vibration mhich.
is oenerated at'the time of exc}ting a piezoelectric
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 as to strongly excite a higher order symme-

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
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
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
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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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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‘such as electrode size, amount of plate back etc. are

suitably selected in accordance with the percentage of

being utilized.

entrapping of the vibration energy in the vibration mode

. .

Furthermore, the invention provides an overtone

‘oscillation resonator not depending upon the characteris-

tic of the oscillation circuit.

'To prbvide such resonator, in the resonator of this

invention,_tﬁe cutoff frequency of the absorbing energy

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

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

- resonator characteristics caused by the difference in the

thickness of the piezoelectric substréte, and greatly

increasing the upper limit of the resonance frequency.

For this reason,

front surface.

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

o
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BRIEF DESCRIPTION OF THE DRAWINGS

In the accompaﬁying drawings:

Fig.la is a diagrémmatic sectional view of a piezo-
electric substrate useful to explain the concept of
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
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

this invention;

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

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

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

‘oscillation circuit at respective overtone frequencies of

the resonator;-

Fig.6a is plan view showing one embodiment of the
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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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resonator utilizing a S1 mode oscillation;

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

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
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
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;

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

e
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a resonator in ﬁhich there are a plurality of overtone
vibrations, the vibration enefgies thereof are to be
a530fbed; | |

Fig.l19a is ajplan view sthing anothef embodiment of
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;

Fig.2la is a 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; |

‘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
orders of the resonator embodying-the invention;

Fig.25 is a plan view of a resonator utilized for

the experiment made for investigeting the film thickness

ratio of the vibration energy absorbing portion;

Fig.26 is a graph showing the result of experiment
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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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
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 does not vary even when

the frequency is adjusted where the size of the piezo-
electric substrate of the resonator of this invention
varies;

o o : i
Fig.30a and 30b are front and rear views of an

overtone oscillation piezoelectric oscillator of one

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
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 (Sl) mode oscillation of the

highest order.

PREFERRED EMBODIMENTS OF THE INVENTION

In the following, the theory of this invention and

-
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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 beﬁter understanding of the invention.

The facts on which the inventive éoncept 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
medium, metal, guarti lithium tantalate; lithium neobate,
or a dense material such as piezoelectric ceramic is |
employed. Even when the vibration energy'propagation_
direction and thé order of the overtone are different for
all vibration modes includiné a thickness slip, a
thickness twist, and thickness longitudinai, etc., it has
been known that this theory is applicable for the_dualita-
ﬁive performance.

(2) According to the énérgy entrapping theory of
Schockley, where a portion having a cutoff frequency f2

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

frequency expressed by an equation ¥ = (f - fi)/(f2 - £,),

and wherein ¥ = 1 means fl_= fz.which is not influenced by

a portion having a cutoff frequency f1 as shown in Fig.la.

-
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In other words, this means absence of the portion, in
which case the oscillation ehergy spreads over the eﬁtire
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

characteristic does not present in the'symmetric mode (SO)

éf the loﬁest 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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the parameter that varieS'the entrapping coefficient
corresponds to the size of e portion (generally, electrode
contacts) having a cutoff frequency f1 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 effect of frequency decrease caused by the piezo-
electric natnre_of the material becomes remarkable so that
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.

| 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

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

.In this regard, in a conventional quartz oscillator,

sufficiently thick electrodes are attached to the center

of the quartz substrate so as to increase the difference

'in the cutoff frequency so as to entrap in the electrode

portion the vibration energy of the overtones of all

—_—
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orders. Accordingly, the vibration at the fundamental_
fregquency 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
mode,'some modificatioh is necessary for the oscillation
eircuit.

(6) The characterietic of a higher order symmetric
or asymmetrie mode shown in Eig.lb is the result of
theoretical analysis reéarding an infinite area piezo-
electric substrate. However, when this characteristic can
be preserved substantiaily, even in a sﬁbstrate of a

limited area, since the vibration energy spreads over the

‘entire surface of the substrate, the energy will leak from

a holding pertion for the substrate edges or dissiéate in
the holdine portion. .Accordingly, the equivalent resis-
tance for the vibration will become extremely high.

Based on the facts described above, let us consider
that the characteristie 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 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
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

This Sheet Has Been Reraced
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only a SH wave having a displacement parallel to the x
axis, and the displacement U can be expressed by an

equation
U = H-cos.(nny/H)-exp (7 wt) - - = = (1)

according to Onoue and 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)

" where U = f(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_réspective regions (I)

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

_ xch _ ~Sh '
UI = Bsh k'z Cch k'z
(-b £ 2 £ -a) - - = (2)
cos L
UII = Agin kz (-a £ z £ a) ) - = = (3)
_ _ éh-l sh
UIII = Bgp k'z + Cch k'z

(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
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)

This Sheet Has Been Replaced

ARG




[l

10

15

20

25

- 16 -

not provided with electrodes have infinite widthes, the

propagation constents k and k' of respective regions II,

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
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 eouations (1) through (6) described above, the
following equation of frequency can be derived out from
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

-cos ka - == (7

tan h k' (b - a) k/k!

Let us determine an equation of approximation of
equation'(7) when £, is slightly lower ehan £,.

- 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
are attached. |

Then two normalizing frequencies § and A that satisfy

the following eguation are introduced.

I
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f = (1+34d8) fll -—
£ =(1+2) £, o - -
From equatipns (5) and (8), we.gbtain'

(km) 2 = (nm) 2426 | | - -
From equatiops'(G) and (9), we obtain

(k'H)2 =,(nﬂ)2-2( 5 -8 ) . ‘ - -

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

K'H/KE = /TE =8 T73 - -

By denoting = &/A as ¢, then -~ -

k'/k = /(1 =070 N
Further, from equations (10) and (13), we obtain
ka = nm a/28 /H = nm av2yd /H - -

Further,.from equations (11) and (13)} we obtain

k'a = n7 a/;ptl - V) /H : - -

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

equation (7) gives an equation

tan h nm a vZ5 (T =T x (b/a - 1)/H
= /TT = §179_can nn a VZUB /8 S

—_—
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This equation shows the relationship between the

normalized resonance frequency ¥ utilizing b/a as a

-parameter and the resonator dimension na YA/H, and corre-

spbnds to a genera; equation'rgsultihg in a vibration
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
the result of comparison is shown in-Fig. 2b.

As can be clearly noted from-Fig.Zb, the degree of
energy entrapping of the lbwest order symmetrié mode

vibration varies greatly depending upon the dimension- of

_the substrate, whereas the degree of entrapping highér

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 éompafed'with the characteristic of the
lowest order symmétric (Sg) mbde, the inclinations of the
other modes are steep and this tendency becomes remarkable
as the ﬁode becomes higher order. This characteristic too
.is retained in.the_limited area subétrate. o

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 cén_

This Sheet Has Been Replaced -
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be reached by adding 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 prineiple 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 decrea51ng ‘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
portions at which the eleetredes 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 absorbiné electrodes 4 and 4°'
having a cuteff frequency f3(where f3 < fz).

When this resonatot is used as an overtone vibration
resonator of the fifth order, fer example, the foregoihg
principle teaches that the percentage of the vibration
energy entrapplng the overtone v1brat10n of the fundamen-
tal wave (first order) and of the third order should be
small and that the entrapping percentage Qf the overtone
vibration of the fifth and higher order.should be large.

of

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

______‘____&__‘_‘__h
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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 navA/H at

T5 = 80% is about 0.53. 1In the. equation ha/K/H =

na_/(fz- £,)/%, /H, as' n, H and f, are given conditions,
it is,eaéy_to calculate what value f; should be selected
to. When fi 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
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
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.

" 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°',

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

,__'_——-———-—-'—’/
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shown in Fig. 3c, the vibration energies of the overtone
vibrations of the fundamental wave (first order) and the
third order will not be entrapped in any appreciable

amount, and these energies are leaked to the outer peri-

phery of the piezoelectric 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
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 mounting

portions of the so-called multimode piezoelectric monoli-~

thic filter in which a plurality of closely adjacent free

electrodes are disposed between electrodes.

On the other hand, the overtone vibrations of the
fifth order, seventh 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 mihimum, this resonator.is one in which
fhe 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 abso:bing

This Sheet Has Been Re'ila
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portions 4 and 4' are extremely small, a portion of the

entrapped vibration energy is consumed by the vibration
energy absorblng portlons. Conversely when the lengths
are too large, the leakage energy propagate without any.
loss, so that theoretlcally, 1t can be deemed that the
oscillation energy absorbing elements do not present as
has been described above. |

Accordlngly, there must be optlmum values for the
lengths. However, as- it is difficult to qualitatively
determine 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
1mpedances for the first and third overtone vibrations.
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 principle 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.

\
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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. | |
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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vibration including the fundamental wave vibration.

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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energy too tends to slightly leak through the lead pat-
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
alignment between the piezoelectric substrate and a vapor
deposited’pattern is not required to be accurate.

Furthermofe, it is not always necessary to integrate
the lead wires 5'and'5' from the vibration enerjy entrap-
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 electrodes 4 and 4' may be formed to
completeiy'enclose-the vibration energy entrapping
portions 2 and 2'. This modified construction increases
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.

More particularly, in the constructions shown in
Figs. 7a and 7b, the vibration energy propagating portion
of the piezoelectric substrate 1 are removed by etching,
for example, on both.cr single surface, for increasing the
cutoff frequency of these portlons. This constructlon
reduces the thlckness of the attached electrodes which not
only reduces the electrode vapor deposition time but also

prevents peeling off of thick electrodes.
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As the frequency is increased, the thickness of the
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
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
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 increase the thiekness-of the'piezo-
electric substrate l_at the outermost periphery, but. a
material having a . large acouetic-less, for examble, lead,
tin, gold, etc. mey be attaehed, 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 experimenr made on the characteristics
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of the resonator of hhis embodiment will be described in
brief. |
.In this experiment, a resoneter haVingha 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 enrrapping portion |
gold'electrode, film thickness -~ 350 2
electrode size - - 2mm X 2mm
Gap'between vibration.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-'
conductive bondlng agent are respectlvely 280Q and 530
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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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 YA/H of ﬁhe_(n-Z)th order shown
on the absciésa of Fig.Zb will be positioned at a position
at which the éercentagezof 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

YB/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 peripheries of the

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 piezqelectric substrate 1 and a substantial
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

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

———__;____________;_
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-

vibrate at the n-th overtone frequency without modifying
the oscillation circuit. |

Fig.8c shows a basic method of selecting pa:ameters
where it is desired to obtain a third order overtone |

vibration resonator by utilizihg an excitation of'ab
mode. The percentage T of entrapplng the a0 mode vibra-
tion energy becomes zero when the entrapplng coeff1c1ent
na/A/H is 1ess than 04 so that, for the fundamental wave
(n=1) vibration and the third order (n-3) overtone vibra-
tion, it is sufficient to determiné'the parameters a |

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

The spacing 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 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;examéle only the resonance
frequency of the asymmetric mode vibration, so that there
is no problem.- | |

Where it is desired to utlllze the v1brat10n of the
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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 resonator 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
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Fig.9, the percentage of entrapping 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 vibration is higher than that for the 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
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

| 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 pefcentage
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
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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tone vibration (including the fundamental wave vibration)

of the order lower than the order of the overtone desired

to vibration to be a perfeotly not entrapped mode.

In the foregoing, the inveption was desoribed by
taking a case utilizihg 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 asymmefric mode (al, a, ««s) Vvibration or a highei
order symmetric mode (Sl,-S2 ...) vibration.

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

An electrode of a conventional reésonator is required
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 ihis
invention too, it is_necesséry to coincide the numbef and
positions of the hills or valleys of the charge'génerated
by the vibration mode utilized with those of the sp1it
electrode, and to inferconnect such that the charges
generated at.respective electrodes will not cancel witﬁ
each other. | |

Where the vibration of the lowest order aéymmetric
(ao) ﬁode is to be utilizéd, as shown in Fig.10a, split |
electrodes 20,20' and 30,30' are attached to the front and

rear surfaces of the'piezoelectric'substrate_l for gener-
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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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mode are shown in Figs.lla and 11b.
Examples of the wiring pattefn to be formed on the

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'vibratién to leak and spread over
the entire surface 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-
énergy 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

. exXtremely small cutoff frequency fj are provided on a

I
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‘part. or the whole of the edge portion of the piezoelectric

-substrate 1 as shown in Fig. 13a. With this construction,

the amplitude of the-leaking.vibration energy is increésed
at this portibn where the'vibrapion energy is converted

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 a conduction

-£ilm or a resin'film of an appropriate mass. Alternative-

ly, as shown in Fig. 13b, a mass such as gdhesiVe agent

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, it
is preferable to increase or decrease it so as £o maximize
the consumption of undesired vibration energy at thié
portion.

Further,'in order to positively.consume the leakage
eneréy, cdnductor films 8 may be attached at appropriate
positions on the front and back surfaces of the_édge
portion of the piezoelectric substrate 1 with resistors 9
connecting therebetween as shown in Fig.-13c. The

resistance value r of the resistors can be basically

determined as follows:

where fn : frequency of vibration to be converted
- into heat
CO. : capacitance between the conductor films

provided on front and back surfaces.

\
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When there are a plurality of vibration frequehcies'
whose energy is to be absorbed, a-plurelity'of different
resistors of (2wf, Co)-l,-(z_nfb CO)-1 ---.can be applied
to the periphery of the resonatci; Alternatively, a
resistors cf (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
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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,

£he CI values of the third order and the first order
(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.

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
the éffectiveneés of the vibrafioh energy absorbing
portlon. | |

In thé resonator shown in Flg 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 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
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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various parametefs including the electrode film'thickness
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
flrst order and third order overtone frequencies where the

gap between the exc1t1ng electrode and the energy absorb-’

'ing portion of a resonator prov1ded with the vibration

energy absorbing portions shown in Fig.14b is varied.

As can be noted, as the gap-increasés, the leaked
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
optimum 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 variously modified as shown in
Figs. l16a through 16d. |

| .. More particularly in the construction shown in

F1g 16a, resin films 70' are applied to the v1bratlon
energy absorbing portions 60 on the periphery of the
piezoelectric substrate for decreasing the cutoff frequen-

cy of the portions 60. Fig.16b shows a construction in

- which, for the purpose of obtaining a sufficiently largé

cutoff frequency diffeience,'the thicknesses of the
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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 ffequency thereof. Fig.}éc shows a construction in
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 enabling electro-thermic conversion of the_Vibra-

tion energy. ;In-Fig.lsd, for'the purPOSe of preventing
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-
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

and having simplest construction was described, it should

.be- understood that the invention is not limited to this

construction but can use higher order symmetric (Sl, S2
~==) mode vibrationé as well as higher order asymmetric
mode vibrations. -

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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can also be excited in X direction. Furthermore, it is
possible to divide the electrode in Z and x.directiohs for
exciting vibrations ih both directions. |

Althougﬁ in Fig.14b, the vibration energy absorbing
portions were providéd in thg Z direction, these portions
can be provided in the X direction, or around substah-
tially the entiré periphery of the substrate or the
ﬁortions Can.be divided into a plurality of sections. Thé
vibiation enéfgy 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 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 eléctrode
construction. This construction makes easy vibration in
high frequéncy 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-
tion in which resistors-R having suitable values are
connected across electrodes 4'apd 4' on_bdth surfaces of
the energy_absorbing portions near the outer periphéry of

-_“~_‘_“_*~\\“‘_
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the piezoelectric substrate.

With this modification, the vibration enérgy cf an
order lower than the desired overtone order propagates to
the vibration energy absorbingxportions excites the
piezoelectric substrate 1 at the vibration absorbing
portions, and the electric charge generated in the elcc-
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

. vibration increases sufficiently.

The value of resistor R is set to be substantially

equal to (27 £ Co)"1

-where Co represents the capacitance
between electrodes 4 and 4' and fn the freqﬁency 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 ﬁost 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
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
a1

resistor to R = (2 fm Co) . Alternatively, as shown in

Fig.18, the vibration energy absorbing electrodes 4 and 4'

are divided and resistors having values of Ry = (2mf ,
—_— .
Sheet Has Been Replaced

Hll\l\\ MW



10 -

15

.20

25

- 42 -

2

c,) "t ana R? = (27f -1

n3 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
modification taken along a line A-A. 1In this modifica-
tion, v1bratlon enrapplng electrodes 2 and 2' are provided
for bqth surfaces at the center of a quartz substrate 1,

and the electrodes 2 and 2'_are’connected to vibration

‘energy absorbing electrodes 4 and 4' at suitable portions

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 resohetqr by using an electro-
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.

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 bondlng agent 8 can be used an epoxy resin
containing a controlled quantity of dispersed carbon |

particles.

Where tw of wave motions whose .
‘ ““i\\\\\\\\\\\\\\\\\\\\\\\\
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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 bonded to the front and rear
surfaces with the resistive bonding agent 8 described
above. Of course, the resistance value 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
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
to that of the layer doped with boron and cannot be etched
will remain. Then a lower electrode and its lead wire 800

are formed by vapor deposition. After that, Zn O2 is

'sputtered ﬁo'a desired thickness, and a upper electrode

and its lead electrode 100 are vapor deposited on the'film'
of zn 02, ‘The portions covefed by the electrodes 800 and
106 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
cutoff frequency 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

ThlS Sheet Has Been Rep lace

[T




....
Mg

10

15

20

25

- 44 -

> f1 b fz'holds automatically sd that by suitably control-

ling the ratio between fl'and £,, the absolute value of £

2
and the diameters of the electrodes 800 and 100, an over-

. tone vibration piezoelectric'vibrator capable of vibrating

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;_ | |

As is well known in the art as i£ is possible. to
ménufacture extremely thin layer 7 and spuﬁtered Z,0, 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
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
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
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

h—“—~h§\§“*““*‘~—ﬂ
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and lower eiectrodes 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
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

sputtered onto the thin metal plate 150 and an insulating
.film 160 is applied onto only the lead pattern wiring of
the upper electrode attached to the piezoelectrié portion

. 900. Thereafter, the lead pattern is formed.

In addition to zn_o, A2 N and Cd S can also be used

the piezoelectric materiai, 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_extfemely thin

piezoelectric layer, this method can satisfy the object of
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
mode and a thidkness 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

[
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of an ordei 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. Thus a.@esired.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 vibratipn resonator shown in Fig. 25 in which

the amount of attaching the vibration energy absorbing

'~ electrode 4 was varied for determining the difference

between the CI value of the fundamental wave vibration and

‘the CI value of the desired third order overtone vibra-

tion.

Fig.26'is a graph showing the résult of experiment 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
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. _ |
As can be noted from Fig.26, the CI value of the
fundamental wave Qibration to be suppressed has a peak

value except a case wherein the ratio (film thickness
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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. | :

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 described'result of experiment'shows Ehat it is
necessary to make lower the cutoff frequency of the
vibration energy absorblng portlon than that of the v1bra-
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
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
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
value of the entrapping coefficient by taking into consid-
eration the result of experlment descrlbed above.

The result of experiment shown in Fig. 26 shows that

'\
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optimum parameters for the third 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
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 only 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
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
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

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
absorbing portions. ‘

-Thé cutoff frequency f2 of the piezoelectrid
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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slight difference is permissible. Even when the cutoff

frequency £, of the vibration absorbing portions 400 at

3
the periphery of the piezoelectric substrate varies

substantially so long as the condition f3 < f1 is

satisfied, there is no preblem.

An electrode constructlon 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

vapor deposition effected for the purpose'of fine adjust-

ment of the'vibraﬁion_frequency, and to greatly decrease

the influence upon the resonator characteristic caused byh

the difference in the thickness of the piezoelectric
substrate thereby increasing the upper limit of the
resonance frequency. -

Fig.zaa is a sectieﬂal view showing the fundamental
coﬁstfuction of the electfode of such piezoelectric
resonetor. | |

More particularly, a surface electrode 2 is attached

near the central portion of the surface of a piezoelectric

substrate 1 and a rear electrode 2' having the 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' | |

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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additional vapor deposition is substantially wider fhan

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

causihg no problem. Fig.28b shows a construction wherein

_.the rear electrode 2' is extended to cover the entire rear

surface of ﬁhe.piezoelectric substrate; This construction
has the same'advantage as that of the embodiment shown in
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
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

manufacturing steps. In such case, in the prior art

‘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
energy is also different. As a consequence, the state of
0ccurrence of .the spurious caused theieby is different for

respective vibrators.
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When this electrode construction is applied to such
case, there arises_an effeét as shoﬁn in Figs. 29a and
29b. |

More particﬁlarly, when an additional vapor deposi-
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
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.

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
vibration energy entrappihg. The parameter that gbvérns
the“percentage of vibration energy entrapping is called an
entrapping coéfficient which ié given by na /8 /H, where n
designates'an order number of the overtone, a the élec-
trode size, A 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

J e L
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the entrapping ccefficient for obtaining desired energy '

entrapping 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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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., _ |

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 can 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'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
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
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 polishing quartz.

However, a vibrator having diameter of 5 mm with elec-

trodes of a thickness of about 500 A close to the limit
that satisfies the electrical characteristic attached to

both surfaces of the substrate will have a substrate

"
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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 been considered

possible can be increased by 30%.

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

Fig.30a is a plan view showing an overtone vibration
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'
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.hating 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

will not'be consumed sufficiently. Consequently, when the
gap is too smaLl the v1bration energy of a desired
overtone v1bration too is absorbed and consumed, thus
_
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disenabling viBration at the“desired'frequency. Conse-~
quently, where the position of the additional vapor
deposition to the excitation electrode 2 for the purpose'
of frequency adjustment becomes;different, a serious |
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
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
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
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,
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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the relative size of theé rea¥ electrode 2' and the lead

'pattern 5 causes an.unbalénce Of_the mechanical vibration

of the piezoelectric substrate. To alleviate such unbal-
ance, a balancing pattern 5a acping'as a counter balance
weight is added to a suitabie portion of the exciting
eleétrode.

This construction can also be applied to a two port

vibrator wherein the exciting electrode is divided into a

plurality of sections or to a dual mode filter having a
similar electrode construction.
Fig.32a shows the electrode construction when the

present 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

overtone vibration vibrator utilizing 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 a

- higher order symmetric (Sl) mode vibration

With these eleétrode constructions, the probiem of
spurioﬁs caused by the displacement of the vapor
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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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 piezoelectric substrate, when the

vibration 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 viprator 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 as 1ntegrated c1rcu1ts of higher densxties.

Further in a conventional piezoelectric resonator,
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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f;equency at the fundaméntal wave vibration, the thicknesé
of the piezoelectrics substrate becomes extremely small,
thus making it difficult to manufacture. However, accord- -
ihg to this inventioh, the resbpator can be readily
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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1. An overtone vibration piezoelectric resonator
charactefized in that a portion having a cutoff f;equency
'f2 is provided on a piezoelectric substrate about_&n
energy entfapping portion having a cutoff frequency f1
(where fi < £,) so as to excite higher order mode vibra-
tions, that émong saidlvibratioﬁs, the vibration enérgylof
an overtone vibration of én 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_ehergy 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:éésier the oscillation caused by
"said desired n-th order 6vertone vibration than the
vibration éaused by the overtone vibration of a lower
order including fundamental wave vibratiqn.

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

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

said energy entrapping portion is split into at least two
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sections,

4, The resonator according to claim 1 wherein said
higher mode vib:ation comprises a symmetric mode vibra-
tion.

5. The resonatér as set.forth in claim 1 wherein
éaid higher.order mode vibration comprises.an asymhetric
mode vibration.

6. Thé resonator as set forth in claim 1 wherein a
vibration eqefgy absorbing portion having a cutoff
frequency smaller than said cdtﬁff frequency f2 is added
to a given point near the outer periphery of séi@
.piezoelectric substrate for efficiently consuming the.
vibration energy of an overtone vibration at an 6rder
lower than (n-2)th order d&ertcﬁe vibration inciuding said
fundamentél:wave vibration to be spread o&er the entire
- surface of said substrate. |

7. The resbnétor as set forth in claim 1 whefein a
resistor of a predetermined_resistance value is éonnected
across electrodes attaéhed-to both surfaces hear thé outer
periphéry of said'piezoelectric substrate, thereby in- ”
creasing consumptidn of the vibration energy spreaded over
the entire sﬁrface_of said substrate.

8. The resonator as-seﬁ forth in claim 7 wherein
the value of the.résistor connected across electrodes
which are attached to both surfaces of said vibration
énergy absorbing portion is made substantially equal to
1

(wan Co)- where Co represents the capacitance between
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said electrcdeé, and fn'répresents an overtone frequency
whose vibration energy is to be absorbed. |

9. The resonator as éet forth in claim 7 wherein
the value of the resisﬁor-connepfed across the electrodeé
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 equal tb (2vf_. C )~ , (2«f Co)- -

nl ~o n3

respectively where fn1 ' fn3 represént a fundamental
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

_—
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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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material.is selected to excite a symmetric or an
asymmetric mode vibration, that an éntrapping 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 resonator 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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18. The resonator as set fbxth in ciaim 15 wherein
said vibration medium block is made of metal, and a
substrate made of the same metal is welded to an.opéning
formed at a predetermined pdrtipn of said bloék, 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-

prlses ZnO, ALO or CdS.
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