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TITLE OF THE.INVENTION

t

Vibrato%. Rebonator and Resonance Component Utilizing Width

Expansion Mode
$

BACKGROUND OF THE INVENTION

Field of the-Inventibn

| The present invention relates to a vibrator having a
rectangular section, and a fesonator, and more particularly, it
relates to a vibrator, a resonator and a resonance component
utilizing a width expansion mode.
Description of the Background Art

In general, piezoelectric resonators utilizing an expansion
vibration mode and a contour shear vibration mode are employed in
the frequency range of several 10 kHz to 2 MHz.

Whichever one of the aforementioned vibration modes-is
utilized, however, nodal points of vibration are located only on
central points of major surfaées of the piezoelectric resonator
and hence it is difficult to stably hold the piezoelectric

resonator. The aforementioned piezoelectric resonator is held

at the nodal points, which are located on the centers of its

major surfaces, with spring terminals. However, the
convéntional piezoelectric resonator utilizing an expansion
vibration mode or a contour shear vibration mode employs a plate
type vibrator, and hence stress may concentrate at contact
points between the piezoelectric resoﬂator'ang the spring

terminals to crack the piezoelectrié”resonatgr, when the
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The present invention relates to a vibrator having a rectangul ar secti
and a resonator, and nore particularly, it relates to a vibrator, a
resonator and a resonance conponent utilizing a w dth expansion node.
Description of the Background Art I n general, piezoelectric

resonators utilizing an expansion vibration node and a contour shear
vibration node are enployed in the frequency range of several 10 kHz to

VHz .

utilized, however, nodal points of vibration are |ocated only on
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Wi chever one of the aforenentioned vibration nodes is

piezoelectric resonator is held by such spring terminals.

Further, it is difficult to select a holding structure
other than the aforementioned one employing the spring terminals

as well as to miniaturize a component employing the

o

piezoelectric resonator, since the nodal points of vibration are
located at the centers of the major surfaces. !
SUMMARY OF THE INVENTION

The present invention aims to provide a vibrator,

a resonator and a resonance component suitably employed in a
frequency range of several 100 kHz to 2 MHz or a wider frequency
range, which can be simplified in support structure, hardly
causes stress concentration, and has a high possibility of
reducinglits overall size.

In order to solve the aforementioned problem, the présent
invention provides a vibrator having a réctangular section,
which is provided with a pair of shorter sides and a pair of
longer sides. In this vibrator, a ratio b/a of the length of
each longer side to that of each shorter side is within a range
of £10 % about the following value:

b/a = n(-1.47¢ + 1.88) oo (1)
where a represents the length of each shorter side, b represents
that of each longer side, o represents the Poisson's ratio of a
material forming the vibrator and g.represents an integer.

According to a specific aspecf of.-gmbodiments of the invention,

provided is a resonator utilizing a width expg&sibn mode,
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central fpoints of major surfaces of the piezoelectric resonator and hence
It is difficult to stably hold the piezoelectric resonator. The

af orenénti oned pi ezoelectric resonator is held at the nodal points, which
are |l ocated on the centers of its mmjor surfaces, with spring termnals.
However, the conventional piezoelectric resonator utilizing an expansion
V|brat|on node or a contour shear vibration node enploys a plate type
V|bnator and hence stress may concentrate at contact points between the
plezoelectrlc resonator and the spring

further comprising a support member which is coupled to a
substantially central portion of at least one of the shorter
edges, serving as nodal points, of the aforementioned vibrator
having a rectangular section.

5 The vibrator and the resonator according to embodiments of. the
invention utilize a width expansion mode, as hereinabove
described. As clearly understood from emboaiments described
later, the width expansion mode is one of vibratién modes of a
vibrator having a rectangular section, which is in a vibrating

10 state between expansion mode vibration of a vibrator having a
square section and width mode vibration of a vibrator having a

| rectangular section.
According to the specific aspeét of embodiments of the invention,
the support member is coupled to the central portion of at least

15 one of the shorter sides, in conéideratidn of the fact that the
hodal points of vibration are present not only at centers of
major surfaces of the vibrator having a rectangular section but
the central portions of the shorter sides in the vibrator
utilizing the aforementioned width expansion mode.

20 In the resonator utilizing a width expansion mode embodying
the present invention, it is possible to support the vibrator
by simply fixiné the support member to the central portion of at
least one of the shorter sides of the vibrator or integrating the
former with the latter, whereby the support structure can be

25 simplified. Therefore, it is possible to reduce the overall size
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terminals to crack the piezoelectric resonator, when the
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Furt her,

pi ezoel ectric resonator is held by such spring term nals.
it is difficult to select a holding structure other than the

af orenenti oned one enpl oying the spring term nals
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of the resonator as compared with the conventional piezoelectric
resonator utilizing contour vibrétion, which has been
commercialized to be used in the frequency range of 1 to 2 Hz.

Thus, it is possible to provide a resonator utilizing a
width expansion mode, which has not been present in general,
thereby providing a resonator for use in a frequency range, which
has beén unavailable in general, by devising the material for the
vibrator. When the vibrator is made of piezoelectric ceramics,
for example, it is possible to obtain an energy-trap .
piezoelectric resonator which is effective in the frequency
range of 800 kHz to 2 MHz and a wider frequency range.

According to another specific aspect of embodiments of the
invention, provided is a resonance component utilizing the
aforementioned width expansion mode, comprising the resoﬁator
utilizing a width expansion mode in accordance with claim 1, case
substrates which are pasted to upper and lower portions of the
resonator for holding the same, and cavity forming means
provided in the case substrates or between the case substrates
and the resonator for ensuring spaces for allowing vibration of a
vibrating part of the resonator.

Namely, the support structure is so simplified that it is
possible to easily form an integral chip type resonance
component by fixing the case substrates to the upper and lower
portions of the aforementioned resonator utilizing a width

expansion mode and providing the cavity forming means in the case
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resogfat or,

O mniaturize a conponent enploying the piezoelectric
since the nodal points of vibration are |ocated at the centers

of the major surfaces. SUWMMARY OF THE | NVENTI ON The present
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invgéntion ains to provide a vibrator, a resonator and a resonance

onent suitably enployed in a frequency range of several 100 kHz to 2

or a wi der frequency range, which can be sinplified in support
sfructure, hardly causes stress concentration, and has a high possibility

reducing its overall size.

substrates OT between —Ze case substrates and the resonators.
The above and fuITlexr features of the present invention

are set forth with parTicularity in the appended claims and
together with the advantages thereof will become clearer from
consideration of the following detailed description of the
embodiments of the invention given with reference to the
accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS -

) Fig. 1 is a perspective view illustrating a vibrator

employed in 2 first embodiment of the present invention;

Fig. 2 is @ schematic plan view for illustrating an

expansion mode;

Fig. 3 is a schematic plan view for illustrating a width

expansion mode;

Fig. 4 is a schematic plan view for illustrating a width

mode;

Figs. 5A and 5B a-e 2 diagram showing displacement

distribution in a widiZ expansion mode analyzed by a finite

———.c—

element method and a 422z for illustrating coordinates in
Fig. 5A respectively:

. Fig. 6 illustrates T=lation between positions along a
direction X and amounts =T Zisplacement in the displacement
distribution shown in =Zz. Zi;

Fig. 7 illustrat®s ==_2<on between Poisson's ratios and
dimensional ratios b/2 Z== =x=iting width expansion mode
vibration:

Fig. illustrats= -=_==I:1 between the ratios b/a and
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In order to solve the aforenmentioned problem the present invention
provides a vibrator having a rectangul ar section, which is provided withya
pair Qf shorter sides and a pair of longer sides. In this vibrator, a
ratio b/a of the length of each |onger side to that of each shorter side

is within a range of +10 % about the follow ng val ue: b/a =
n(-1.47[err] + 1.88) ... (1) where a represents the | ength of
each shorter side, b represents that of each |longer side, a represents the

Poi sson's ratio of a

amounts of relative displacement in the displacement
distribution shown in Fig. 5A;

Fig. 9 illustrates relation between the Poisson's ratios
and the ratios b/a;

5 Figs. 10A and 10B are a plan view and a front élevational
view showing a piezoelectric resonator utilizing a width
expansion vibration mode according to the first embodiment of
the present invention;

Fig. 11 illustrates displacement distribution in the

10 piezoelectric resonator shown in Figs. 10A and 10B;

Fig. 12 is a perspective view showing a.piezoelectric
resonator utilizing a width expansion mode according to a second
embodiqent of the present invention;

Fig. 13 is a plan view showing a piezo-resonator utilizing a

15 width expansion mode according to a third'embodiment of the
present invention;

Fig. 14 is a plan view showing a piezoelectric resonator
utilizing a width expansion mode, having dynamic dampers,
according to a fourth embodiment of the present invention;

20 Fig. 15 is an exploded perspective view showing a chip-type
resonﬁnce component according to a fifth embodiment of the
present invention;

Fig. 16 is a perspective view showing the chip-type
resonance component of Figure 15:

25 Figs. 17A and 17B illustrate displacement distribution in a
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materialf form ng the vibrator and n represents an integer. Accor di ng
to a spgcific aspect of enbodi nents of the invention, provided is a

r utilizing a wi dth expansion node,

t he repl acement sheet

vibrator having a ratio expressed in the equation (1) with an
integer n of 2 and that in a resonator formed by this vibrator;
Fig. 18 is an exploded perspective view for illustrating a

chip-type resonance component employing a piezoelectric

resonator according to a sixth embodiment of the present
invention; _

Fig. 19 is a perspective view showing a piezoelectric
ceramic plate employed in the piezoelectric resonator shown in
Fig. 18;

10 Fig. 20 is a perspective view showing the piezoelectric
resonator shown in Fig. 18;

Fig. 21 is a perspective view showing the appearance of the
chip-type piezoelectric resonance component shown in Fig. 18;

Fig. 22 is a perspective view showing a modification of the

15 piezoelectric resonator, which is integréted with a rectangular
frame type support member; .

Figs. 23A and 23B are a plan view showing a piezoelectric
filter as a piezoelectric resonator according to a seventh |
embodiment of the present invention and a typical plan view

20 showing shapes of lower electrodes through a piezoelectric

ceramic plate;

Fig. 24 is a perspective view showing a piezoelectric
resonator according to an eighth embodiment of the present
invention;

25 Fig. 25 is a perspective view showing a piezoelectric
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- 3- further conprising a support nenber which is coupled to a
substantially central portion of at |east one of the shorter edges,
serving as nodal points, of the aforenentioned vibrator having a
rectangul ar secti on. The vi brator and the resonator according to

enbodi nents of the

resonator according to a ninth embodiment of the present
invention; and
Fig. 26 is a perspective view showing a piezoelectric
resonator according to a tenth embodiment of the present
5 invention, which is held by spring terminals.
DESCRIPTION OF THE EMBODIMENTS
Embodiments of the present invention are now described with
reference to the drawings, to clarify the present invention.
Figs. 2 to 4 are schematic plan views showing vibrating
10 states of vibrators, for illustrating an expansion mode, a width
expansion mode and a width mode respectively. The inventor has
analyzed vibrating states of rectangular plate type vibrators as
vibrators having rectangular sections by a finite element method
while varying lengths of shorter andllonger sides. When the
15 length b of each longer side is at a ratié b/a of.l to the length
a of each shorter side, i.e., when a vibrator 1 is in the form of
a square, vibration of an expansion vibration mode is strongly
excited as shown in Fig. 2. In other words, vibration is
repeated in a state shown by broken lines A and that shown by
20 one-dot chain lines B in the vibrator 1 having a square plane
shape shown in Fig. 2, and expansion mode vibration is strongly
excited.
On the other hand, it has been confirmed that a rectangular
vibrator 2 vibrates between a state shown by broken lines A and

25 that shown by one~dot chain lines B as shown in Fig. 4 and width
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inventﬁ nutilize a width expansi on node, as herei nabove described. As
4§ understood from enbodi nents described |later, the w dth expansion

cl earl
node i g one of vibration nodes of a vibrator having a rectangul ar section,

whichfis in a vibrating state between expansion node vibration of a
vi bragfor having a square section and wi dth node vibration of a vibrator
havi g a rectangul ar secti on. According to the specific aspect of

enbofli ments of the invention, the support nenber is coupled to the central
por i on of at | east

mode vibration is strongly excited when the ratio b/a is
considerably larger than 1, i.e., when b/a >> 1.
Further, it has been recognized that width expansion mode
vibration shown in Fig. 3 is strongly excited when the ratio b/a
5 is larger than 1 and smaller than the aforementioned one strongly
exciting width mode vibration.
Referring to Fig. 3, it has been recognized that vibration
between states shown by one-dot chain lines A and broken lines B
is strongly excited in a vibrator 3 having a rectangular
10 sectional shape by selection of the aforementioned ratio b/a.
The aforementioned vibration mode has been named as the
‘width expansion mode since the same is conceivably a vibration
mode between the well-known expansion and width modes. On the
basis of the aforementioned recognition, the inventor hae
15 prepared a piezoelectric resonator &ith a piezoelectric
diaphragm while selecting the ratio b/a at a specific value.
Fig. 1 shows a piezoelectric resonator.ﬁ obtained in this manner.
This piezoelectric resonator 5 comprises a piezoelectric ceramic
plate 6 of a rectangular sectional shape with shorter sides andl
20 longer sides having lengths a and b respectively, and electrodes
7 and 8 which are formed on overall major surfaces of the
piezoelectric ceramic plate 6. The piezoelectric ceramic plate
8 is uniformly polarized along its thickness, as shown by arrow

P.

25 In the aforementioned piezoelectric resonator 5, the ratio

-9 -
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one of the shorter sides, in consideration of the fact that the nodal §
points of vibration are present not 'only at centers of major surfaces %
the vibrator having a rectangul ar section but the central portions of 3§
shorter sides in the vibrator wutilizing the aforenmentioned w dth expansri
nodes In the resonator utilizing a width expansi on node enbodying %
t he present invention, it is possible to support the vibrator by sinpl\}§
fixing the support nenber to the central portion of at |east one of the
shorter sides of the vibrator or integrating the former with the latter,
wher eby the support structure can be

b/a was varied to excite the aforementioned width expansion
vibration mode, whereby it has been confirmed that the width
expansion vibration mode was excited.at the strongest when the
equation b/a = -1.47¢ + 1.88 was satisfied. Fig. 5A shows
5 displacement distribution in the piezoelectric resonator 5 in
this case, which was analyzed by a finite element method.
| In the aforementioned displacement distribution analyzed by
a finite element method, states of displacement of respective
parts were measured with the origin O set at the center of a
10 major surface of the piezoelectric resonator 5 and the x~ and y-~
axes defined as shown in Fig. 5B, whereby results shown in Fig. 6
were obtained. It is understood that the amounts of displacement
were minimized at the center O and a point X; in Fig. 5B, i.e.,
the central portion of'each shorter side, while the maximum
15 amount of displacement was located at an;intermediate position
therebetween. This means that nodal points of vibration are
positioned at the center of e#ch majof surface and the central
portions of the shorter sides in the piezoelectric resonator 5
.utilizing a width expansion mode. Thus, it is understood
20 possible to support the piezoelectric resonator § without
inhibiting the aforementioned width expansion mode by supporting
the center of each major surface or fhe central portions of the
shorter sides by other support members.
It has also been confirmed that a similar width expansion

25 mode is excited with nodal points located at the central portions
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.??bre, It is possible to reduce the overall size
: esonator as conpared with the conventional piezoelectric
utilizing contour vibration, which has been comercialized to be

the frequency range of 1 to 2 Hz.

of the shorter sides also when the aforementioned ratio b/a is
integral times the value -1.47¢ + 1.88. This is now described
with reference to Figs. 17A and 17B. Fig. 17A illustrates
displacement distribution in a vibrator having a ratio b/a
expressed in the equation (1) with n = 2, which was analyzed by a
finite element method. It is understood from this figure that
vibration of a width.expansion mode is similarly excited also in
this case.

Fig. 17B illustrates displacement distribution in a
resonator which comprises the vibrator having the ratio b/a with
n =2, support members coupled to central portions of shorter
sides thereof and holding parts provided outside the support
members. It is clearly understood from Fig. 17B that the
vibrator provided between the support members is excited in a
width expansion mode and substantially no displacement is
propagated toward the support members.

It has further been confirmed that the aforementioned ratio
b/a is related to the Poisson's ratio of the piezoelecfric
resonator 5. The Poisson's ratio of the vibrator was varied to
measure ratios b/a allowing excitation of the aforementioned
width expansion vibration mode and the values b/a were plotted,
to obtain results shown in Fig. 7. Thus, it has been recognized
possible to reliably excite the width expansion vibration mode
by selecting the ratio b/a to satisfy the following value:

b/a = n(~1.47¢ + 1.88) ... (1)

This Sheet Has Been Reﬂlaced - 11 -
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hys, it is possible to provide a resonator-utilizing a w dth expansion
fode, whi ch has not been present in general, thereby providing a resonator
or use in a frequency range, which has been unavailable in general, by
levising the material for the vibrator. Wen the vibrator is nade of

bi ezoel ectric ceramics, for exanple, it is possible to obtain an
bnergy-trap piezoelectric resonator which is effective in the frequency

ange of 800 kHz to 2 MHz and a wi der frequency range. According to
ot her specific aspect of enbodi nents of the

where g.represents an integer, as shown in a straight line in
Fig. 7.
It has further been recogn;zed that a width expansion
vibration mode is strongly excited not only when the ratio b/a
5 satisfies the equation (1) but also when the same slightly
deviates from the equation (1). To this end, a piezoelectric
ceramic plate having a Poisson's ratio ¢ of 0.324 was employed
and its ratio b/a was varied to confirm presence/absence of
excitation of a width expansion vibration mode. Namely,

10 relative displacement D(X;)/D(C) of the point X, in Fig. 5B with
respect to a point C (see Fig. 5B), where the amount of
displacement is maximized in the width expansion mode, was
measured assuming that D(X;) represents the amount of
displacement at the point Xl and D(C) represents the amount of

15 displacement at the point C. Fig. 8 shows the results.

It is clearly understood from Figf 8 that the relative
displacement is within £10 % when the ratio b/a is in a range of
1.26 to 1.54 in relation to the Poisson's ratio ¢ of 0.324.
Then, a plurality of samples of the piezoelectric resonator §

20 shown iﬁ Fig. 1 were prepared to have the ratios b/a within 10 %
about the optimum value and support members were coupled to
central portions of shorter sides thereof, to measure resonance
characteristics. Consequently, it has been confirmed that width
expansion mode vibration is effectively trapped when the

25 relative displacement is within 10 %, as described above.
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provided is a resonance conmponent utilizing the aforenentioned

I nvention
w dt h exglansi on node, conprising the resonator utilizing a wi dth expansion
node i.n gaccordance with claim1l, case substrates which are pasted to upper

and |l ower portions of the resonator for holding the sane, and cavity
form ng neans provided in the case substrates or between the case

subst ates and the resonator for ensuring spaces for allow ng vibration of
rating part of the resonator. Nanely, the support structure is
nplified that it is possible to easily forman integral chip type

regpnance

Thus, it is understood possible to.excite the
aforementioned width expansion vibration mode in an excellent
state b& setting the aforementioned ratio b/a in the range of 10
% about a point satisfying the equation (1).

5 | Figs. 10A and 10B are a plan view and é front elevational
view showing a piezoelectric resonator 11 utilizing a width
expansion mode aécording to the first embodiment of the present
invention, which is prepared on the basis of the aforementioned
recognition. The piezoelectric resonator 11 has a rectangular

10 plate type piezoelectric resonance part 12 as a vibrator having a
.rectangular section. This piezoelectric resonance part 12
'comprises a piezoelectric ceramic plate 13 having a rectangular
section, which is uniformly poiarized along its thickness, and
resonance electrodes 14 and 15 which are formed on overall major

15 surfaces of the piezoelectric ceramic pléte 13 respectively.
Support members 16 and 17 are coupled to central poptions of
shorter sides of -the piézoelectric resonance part 12, which are
nodal points of vibration excited in a width expansion mode,. |
respectively. Further, holding parts 18 and 19 are coupled to

20 outer ends of the support members 16 and 17 respectively.

According to this embodiment, the support members 16 and 17
and the holding parts 18 and 19 are integrally formed with the
piezoelectric ceramic plate 13. Namely, a rectangular
piezoelectric ceramic plate is machined to have the shape shown

25 in Fig. 10A and 10B. Alternatively. the supporf members 16 and
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17 and the holding parts 18 and 19 may be formed independently of
the piezoelectric resonance part lé, to be coupled with the same
as shown in Figs. 10A and 10B by a proper method such as
adhesion.

The resonance electrodes 14 and 15 are electrically
connected to terminal electrodes 20 and 21 which are formed on
single major surfaces of the holding parts 18 and 19 through lead
conductive parts 14a and 15a which are formed on single surfaces
of the support members 16 and 17 respectively.

In the piezoelectric resonator 11 according to this
embodiment, an alternating voltage is applied across the
terminal electrodes 20 and 21, thereby exciting the
piezoelectric resonance part 12 in a width expansion mode. 1In
this case, the.central portions of the shorter sides of the
piezoelectric resonance part 12 hardly vibrate and form nodal
points of the vibration, whereby the vibration of the width
expansion mode is hardly inhibited by the support members 16 and
17. Thus, it is possible to effectively trap the vibration based
on the aforementioned width expansion mode between the support
members 16 and 17.

It has been recognized possible to form an energy-trap
piezoelectric resonator which is suitably used in the frequency
range of 800 kHz to 2 MHz according tolthis embodiment, since the
piezoelectric resonance part 12 formed by a piezoelectric

ceramic plate exhibits a resonance frequency of 800_kH§”when“the
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substrates or between the case substrates and the resonators. The
foregoing and other objects, features, aspects and advantages of the
present invention will becone nore apparent fromthe foll ow ng detailed
description of the present invention when taken in conjunction with the
accqnmpanyi ng drawi ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1is a
pérspective view for illustrating a vibrator enployed in a first

enbodi ment of the present invention; Fig. 2 is a schematic plan view
for illustrating an expansion node;

same is 2.5 mm in width and 3.5 mm in length and that of 2 MHz
when the same is 1.0 mm in width and 1.4 mm in length.

When the piezoelectric resonance part 12 is made of another
material, however, the effective frequency range is varied as to

5 the aforementioned resonance frequency, as a matter of course.
Thus, it is possible to obtain energy-trap piezoelectric
resonators which are suitably used in various frequency ranges
by preparing resonance parts 12 from various piezoelectric
materials.

0 Fig. 12 shows an energy-trap piezoelectric resonator §
according to a second embodiment of the present invention.
According to this émbodiment, metal terminals 22 and 23 for
serving as support memﬁers are bonded to electrodes 7 and 8,
corresponding to those provided on both major surfaces of the

5 piezoelectric resonator 5 shown in Fig. f, by solder (not shown).
In this case, the ratio b/a of the piezoelectric resonator 5 is
so selected that width expansion mode vibration can be strongly
excited as described above. In the piezoelectric resonator 5,
therefore, central portions of shorter sides of its major

20 surfaces form nodal points of vibration, and the metal terminals
22 and 23 are bonded to portions close to.the nodal points by the
solder. Also when the metal terminais 22 and 23 for serving as
support members are bonded to the piezoelectric resonator 5
according to this embodiment as shown in Fig. 12, therefore,

25 vibration of a width expansion mode excited in the piezoelectric

i
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a schematic plan view for illustrating a width

expénsion nod
a schematic plan view for illustrating a width node; Fi3
are a di agram showi ng di spl acenent distribution in a width

h
¥

node anal yzed by a finite elenment nethod and a di agram for
ng coordinates in Fig. 5A respectively; Fig. 6 |Ilustrat1

resonator 5 is hardly inhibited.

Fig. 13 shows an energy-trap piezoelectric resonator 31
acéording to a third embodiment of the present invention. This
piezoelectric resonator 31 has a piezoelectric resonance part 32
as a vibrator having a rectangular section, similarly to the
first embodiment. In this piezoelectric resonance part 32, a
pair df resonance electrodes 32b and 32c¢ are formed on an upper
surface of a piezoelectric plate 32a along edges of its longer
sides. The piezoelectric plate 32a is polarized along arrow P in
Fig. 13, i.e., in a direction from the resonance electrode 32b
toward the resonance electrode 32c. Also in this embodiment, the
ratio b/a of the length b of each longer side of the
piezoelectric resonance part 32 to the length a of each shorter
side is set in the range within 210 % abou; a point satisfying
the equation (1).

When an alternating voltage is applied across the resonance
electrodes 32b and 32¢, therefore, the piezoelectric resonance
part 32 vibrates in a width expansion mode. In this case, the
piezoelectric resonance part 32 is displaced in parallel with
the electric field as applied, whereby the piezoelectric
resonator 31 utilizes a piezoelectric longitudinal effect.

Also in the piezoélectric resonator 31 according to this
embodiment, support members 36 and 37 are coupled to nodal points
of vibration of the piezoelectric resonance part 32 resonating

in the aforementioned width expansion mode, and holding parts 38

This Sheet Has Been Reﬂlaced - 16 -
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X and amounts of displacenent in the displacenent distribution

Fi g. 5A Fig. 7 illustrates rel ation between Poisson's
nd dinensional ratios b/a for exciting w dth expansi on node

Fig. 8 illustrates relation between the ratios b/a and

and 39 are coupled to outer ends of the support members 36 and 37
respectively. Referring to Fig. 13, numerals 34a and 35a denote
lead conductive parts, and numerals 4b and 41 denote terminal
electrodes. |

As cleérly understood from the embodiment shown in Fig. 13,
the inventive resonator utilizing a width expansion mode is
applicable not only to that utilizing a piezoelectric transverse
effect, but to that utilizing a piezoelectric lohgitudinal
effect. |

While each of the above embodiments has been described with
reference to a vibrator of a piezoelectric substance having a
rectangular section, the present invention is characterized in
that the ratio b/a of a vibrator having a rectangular section is
selected in a specifitc rangé to excite the aforementioned width
expansion mode vibration and support memﬁers are coupléd to
central portions of shorter sides in consideration of the fact
that nodal points of the vibration of a width expansion mode are
located at these central portions. Therefore, the vibrator as
employed may alternatively be pfepared from a material other
than a piezoelectric substance.

In the inventive resonator, further, dynamic dampers may be
further provided outside the support members which are coupled
to the vibrator, to cancel leaking vibration by a phenomenon of a
dynamic damper. Fig. 14 shows such an embodiment.

Fig. 14 shows a piezoelectric resonator 42, which

- 17 -
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h
- 6- f amounts of relative displacement in the displacenent
dlstrlbullon shown in Fig. 5A Fig. 9 illustrates rel ation between
t hei:Poi sson's ratios and the ratios b/ a; Figs. 10A and 10B are a
plaﬂ view and a front elevational view show ng a piezoelectric resonator
ut|P|Z|ng a wdth expansion vibration node according to the first

enbedl ment of

‘e
LR

corresponds to a modification of the piezoelectric resonator 11

according to the first embodiment shown in Figs. 10A and 10B.

Portions corresponding to those .shown in Figs. 10A and 10B are

denoted by corresponding'reference numerals, to omit redundant
5 description.

In this piezoelectric resonator 42, a pair of dynamic
dampers 43 and 44 are provided on outer ends of support members
16 and 17 respectively, while coupling members 45 and 46 are
coupled to central portions of outer side surfaces of the dynamic

10 dampers 43 and 44 respectively and outer ends of the coupling
members 45 and 46 are coupled to holding parts 18 and 18
respectively. Namely, the pair of dynamic dampers 43 and 44 and
the coupling members 45 and 46 are inserted in a structure
corresponding to phaf of the piezoelectric resonator 11 shown in

15 Figs. 10A and 10B. The dynamic dampers 43 and 44 are adapted to
cancel leaking vibration by a well-known phenomenon of a dynamic
damper. Namely, the dynamic dampers 43 and 44 receive leaking
vibration and vibrate by the phénomenon of a dynamic damper,
thereby canceling the vibration leaking from a resonance part

20 12.

Figs. 15 and 18 are an exploded perspective view and a
perspective view for illustrating a chip-type resonance
component according to a fifth embodiment of the present
invention.

25 This embodiment is structured with employment'of the

- 18 ~
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nventi on; Fig. 11 illustrates displacenent distribution
e piezoelectric resonator shown in Figs. 10A and 10B; Fig. 12
a perspective view showi ng a piezoelectric resonator utilizing a width
pansi on node according to a second enbodinment of the present invention;
ig. 13 is a plan view showi ng a piezo-resonator utilizing a width
xpansi on node according to a third enbodi nrent of the present invention;
Fig. 14 is a howi ng a pi ezoel ectric resonator

This Sheeﬁ'hg redt) RK‘T

(T
piezoelectric resonator 11 utilizing a width expansion mode
shown in Figs. 10A and 10B. Namely, spacers 51 and 52 which are
equivalent in thickness to the piezoelectric resonator 11 are
bonded to side portions of the piezoelectric resonator 11, to
form a resonance plate 53.

The spacers 51 and 52, which are substantially U-shaped in
plane shape, are cohpled to and integrated with holding parts 18
and 19 of the piezoelectric resonator 11 on both ends thereof.

These spacers 51 and 52 can be made of an arbitrary
insulating material, such as insulating ceramics such as alumina
or synthetic resin, for example.

Rectangular frame type cavity forming members 54 and 55 for
serving as cavity forming means are arranged on upper and lower
portions of the resonance plate 53, while case substrates 56 and
57 are pasted to the upper and lower portions of the resonance
plate 53 with an insulating adhesive through the cavity forming
members 54 and 55.

The cavity forming members 54 and 55 are édapted to allow
vibration of a vibrating portion of the piezoelectric resonator
11, i.e., a piezoelectric resonance part 12. Therefore, sizes of
openings 54a and 55a of the cavity forming members 54 and 55 and
thicknesses of the cavity forming members 54 and 55 are selected
in consideration of the aforementioned point.

The cavity forming hembers 54 and 55 can be made of

.nsulating resin films such as polyethylene terephthalate films

- 19 -
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tutilizing a width expan5|on node, having dynam c danpers, according to

i fourth enbodi nent of the present invention; Fig. 15 is an expl oded

; perspective view showing a chip-type resonance conponent according to a

: fifth enbodi ment of the present invention; Fig. 16 is a perspective
. view showi ng the chip-type resonance conponent of Figure 15; Fi gs.

" 17A and 17B illustrate displacenent distribution in a

10

15

20

25

or sheet-type adhesive members, or other arbitrary insulating
materials.

The case substrates 56 and 57 can be made of a proper
synthetic material such as insulating ceramics such as alumina
or synthetic resin. The case substrates 56 and 57 hold the.
resonance plate 53 through the cavity forming members 54 and 55
and are integrated with the same, to form a chip-type resonance
component 60 shown in Fig. 16.

In this chip-type resonance component 60, external
electrodes 62 and 63 are formed on both end surfaces of a
laminate 61 which is formed by pasting the case substrates 56 and
57 to the resonance plate 53. The external electrodes 62 and 83
are formed by applying a conductive material by plating, vacuum
deposition or sputtering.

The external electrodes 82 and 83 are preferably formed not
only on both end surfaces of the laminate 61 but to reach upper
and lower surfaces thereof as shown in Fig. 16, in order to
facilitate electrical connection with a conductive pattern
provided on a printed circuit board or the like, when the chip-
type resonance component 80 is mounted on the printed circuit
board. In order to facilitate such formation of the external
electrodes 62 and 63 to reach the upper and lower surfaces of the
laminate 61, electrodes 56a and 56b are previously formed on the
case substrate 56 in this embodiment, as shown in Fig. 15.
Another pair of electrodes (not shown) are also formed on a lower

- 20 -
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-7- vibrator having a ratio expressed in the equation (1) with an
I ntegerf n of 2 and that in a resonator forned by this vibrator; Fig.
18 is An expl oded perspective view for illustrating a chip-type resonance

conpoffent enpl oyi ng a piezoelectric resonator according to a sixth
enbodf nent of the present

surface of the case substrate 57.

The electrodes 56a and 56b may not necessarily be
previously formed as described above, but an external electrode
material may be applied to end surfaces of the laminate 61 to

5 reach the upper and lower surfaces after the laminate 61 is
obtained, to form the electrodes 56a and 56b.

While the cavity forming members 54 and 55 are
independently prepared in this embodiment, concave portions
having plane shapes corresponding to those of the openings 54a

10 and 55a of the cavity forming members 54 and 55 may be formed in
the lower surface of the case substrate 56 and the upper surface
of the case substrate 57 respectively, thereby forming cavities
for allowing vibration of the vibrating portion of the
piezoelectric resonator 11. In this case, it is possible.to omit

15 the cavity forming members 54 and 55 by a&justing the depths of
the concave portions. '

Alternatively, an insulating adhesive may be applied to the
lower surface of the case substrate 56 and the upper surface of
the case substrate 57 in the form of rectangﬁlar frames with

20 adjustment of the thicknesses of the insulating adhesive layers
as formed, to define cavities for allowing vibration-of the
resonance part 12 of the piezoelectric resonator 11, in place of
the cavity forming members 54 and 55 and the aforementioned
concave portions. In this case, the insulating adhesive layers

25 _for pasting the case substrates 56 and 57 to the resonance plate
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i nvention; Fig. 19 is a perspective view showi ng a piezoelectric
ceram c plate enployed in the piezoelectric resonator shown in Fig. 18;
Fig. 20 is a perspective view showi ng the piezoelectric resonator shown i
Fig. 18 Fig. 21 is a perspective view showi ng the appearance of the
chi p- t'ype pi ezoel ectric resonance conponent shown in Fig. 18; Fig. 2
IS a perspective view showing a nodification of the piezoelectric
resonator, which is integrated with a rectangul ar

53 also serve as the cavity forming means according to the
present invention.

While the piezoelectric resonator 11 shown in Figs. 10A and
10B is employed in the embodiment shown in Figs. 15 and 18, the

'5 same may be replaced by another resonator utilizing a width
expansion mode according to the invention described in claim 1
such as the piezoelectric resonator 31 shown in Fig. 13, for
example, to easily form a chip~type resonance component
similarly to the above.

10 In the aforementioned.chip-type piezoelectric resonance
component 60 shown in Fig. 18, the piezoelectric resonator 11 is
bonded with the spacers 51 and 52 by an insulating adhesive (see
Fig. 15). If defective bonding is caused in bonded portions

shown by arrows A in Fig. 15, therefore,'sealing performance is

&n

15 damaged. In other words, the portion of the piezoelectric
resonator 11 provided with the resonance part 12 is deteriorated
in sealing performance. In this case, characteristics such as

moisture resistance are reduced in the chip-type piezoelectric

J resonance component 60.

20 An embodiment which can overcome the aforementioned problem
of moisture resistance is now described with reference to Figs.
18 to 21. Fig. 18 is an exploded perspective view corresponding
to Fig. 15, for illustrating a chip-type piezoelectric resonance
component according to a sixth embodiment of the present

25 invention. In the chip~-type piezoelectric resonance component

T
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‘support menber ; Figs. 23A and 23B are a plan view show ng
ectric filter as a piezoelectric resonator according to a seventh

nt of the present invention and a typical plan view show ng shapes

el ectrodes through a piezoelectric ceramc plate; Fig. 24

erspective view show ng a piezoelectric resonator according to an

ei ghthh enbodi nent of the present invention;

10

15

20

25

shown in Fig. 18, a piezoelectric resonator 111 in the form of a
rectangular frame is employed in place of the piezoelectric
resonator 11 and the spacers 51 and 52 shown in Eig. 15. Other
structures, i.e., cavity forming members 54 and 55 and
protective substrates 56 and 57, are similar to those shown in
Fig. 15, and hence redundant desdription is omitted.

The piezoelectric resonator 111 is formed by a
piezoelectric ceramic plate 112 shbwn in Fig. 19 in a perspective
view. This piezoelectric ceramic plate 112 is obtained by
working a single rectangular piezoelectric ceramic plate into
the shape shown in Fig. 19 by etching with a laser beam or
machining, for example. In this piezoelectric ceramic plate
112, a rectangular frame type support part 113 having an opening
1132 and a piezoelectric ceramic plate part 114 forming 5
resonance part are integrated with each other. Electrodes are
formed on this piezoelectric ceramic plate 112 similarly to the
piezoelectric resonator 11, to obtain the piezoelectric

resonator 111 shown in Fig. 20.

In other words, the piezoelectric resonator 111 corresponds
to such a structure that the piezoelectric resonator 11 and the
spacers 51 and 52 shown in Fig. 15 are integrated with each
other. Therefore, the resonance part and the electrodes of the
pliezoelectric resonator 111 are denoted by the same réference
numerals as those of the piezoelectric resonator 11, to omit
rédundant description. “ .

- 23 -
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Fig. 25 is a perspective view showi ng a piezoel ectric

-8-

i nvention: and Fig. 26 is a perspective view showi ng a pi ezoel ectyi

10
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resonator according to a ninth enbodi nent of the present

The piezoelectric resonator 111 shown in Fig. 18 is formed
by the aforementioned single piezoelectric ceramic plate 112.
While the piezoelectric resonance component shown in Fig. 15 may
be deteriorated in moisture resistance through the bonded
portions shown by arrows A, the chip-type piezoelectric
resonance component according to this embodiment is effectively
improved in moisture resistance since no bonded portions are
present on side portions of the resonance part.

Fig. 21 is a perspective view showing a chip-type
piezoelectric resonance component 120 which is obtained by
stacking the piezoelectric resonator 111, the cavity forming
members 54 and 55 and the protgctive substrates 56 and 57 shown
in Fig. 18. In this chip-type piezocelectric resonance component
120, external electrodes 122 and 123 are formed to cover é pair
of end surfaces of a laminate 121 which is obtained by pasting
the aforementioned members to each other. Thus, the chip-~type
piezoelectric resonance component 120 can be surface-mounted on
a printed circuit board or the like, similarly to other chip-type
electronic components.

| Fig. 22 illustrates a modification of the aforementioned
piezoelectric resonator 111. Referring to Fig. 22, a
piezoelectric resonator 131 has a rectangular frame type support
member 132, and a piezoelectric resonator part 133 which is
integrally formed with the rectangular frame type support memﬁer
132. The piezoelectric resonator part 133 is formed similarly to

- 24 -
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r according to a tenth enbodi ment of the present i nvention, which
Is held by spring term nals. DESCRI PTI ON OF THE EMBODI MENTS

Enbodfnents of the present invention are now described with reference to
the firawi ngs, to clarify the present invention. Figs. 2 to 4 are
schgmatic plan views showing vibrating states of vibrators, for

ustrating an expansion node, a wdth expansion node and a w dth node
pectively. The inventor has analyzed vibrating states of rectangul ar
ate type vibrators as vibrators having rectangular sections by a finite

el enent net hod
the piezoelectric resonator 31 shown in Fig. 13. Therefore,

parts such as a resonance part_which are identical to those of
the piezoelectric resonator 31 are denoted by the same reference
numerals, to omit redundant description.

5 Also in the piezoelectric resonator 131, it is possiﬁle to
effectively improve moisture resistance of a chip-type
piezoelectric resonance component formed by this piezoelectric
resonator 131 similarly to the piezoelectric resonator 111 shown
in Figs. 18 and 20, since the rectangular frame type support

10 member 132 is integrated with the piezoelectric resonator part
133.

In each of the aforementioned embodiments, a single
resonance part utilizing a width expansion mode is formed in the
piezoelectric resonator. However, the present invention is also

i5 applicable to a piezoelectric resonator thch is provided with a
plurality of resonance parts utilizing a width expansion mode.
Sucﬁ an embodiment is now described with reference to Figs. 23A
and 23B. Figs. 23A and 23B are plan view of such a piezoelectric
resonator i41 and a typical plan view showing shapes of lower

20 electrodes through a piezoelectrib ceramic plate respectively.

The piezoelectric resonator 141, which is adapted to form a
double-mode piezoelectric filter, has first and second
piezoelectric resonance units 142 and 143 utilizing a width
expansion vibration mode. ' The piezoelectric resonance units 142

25 and 143 are formed by rectangular piezoelectric ceramic plate
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whi |l e varying |l engths of shorter and |longer sides. Wen the length b 03
eagh longer side is at a ratio b/a of 1 to the length a of each short erf
side,.i. -
expansion vibration node is strongly excited as shown in Fig. 2. In otheg
vibration is. repeated in a state shown by broken lines A and that 3§

one-dot chain lines Bin the vibrator | having a square pl ane b,
shape shown in Fig. 2, and expansion node vibration is strongly excited.

wor ds,

shown by

10

15

20

when a vibrator 1 is in the formof a square, vibration of

parts which are uniformly polarized along thicknesses thereof,
electrodes 142a and 143a which are provided on single major
surfaces of the rectangular piezoelectric ceramic plate parts
for forming resonance electrodes, and electrodes 142b and 143b
which are provided on lower surfaces thereof for serving as-earth
electrodes.

The first and second piezoelectric resonance units 142 and
143 are excited in a width expansion vibration mode
respectively, and nodal. points of the vibration are coupled with
each othér by a coupling member 144. In the lower surfaces, on
the other hand, the electrodes 142b and 143b are electrically
connected with each other by a connecting conductive part which
is formed on a lower surface of the coupling member 144.
Therefore, it is possible to form a double mode piezoelectric
filter utilizing symmetrical and asymmetfical modes by employing
the electrode 142a or 143a as an input or output electrode and
the lower electrodes 142b and 143b as earth electrodes.

‘The feature of this embodiment resides in employment of the
twd piezoelectric resonance units 142 and 143, while other
points thereof are similar to those of the piezoelectric
resonator 11. Namely, outer sides of the first and second
piezoelectric resonance units 142 and 143 are coupled to a

rectangular frame type support part 147 through support members

respectively. Thus, the first and second piezoelectric

resonance units 142 and 143 are arranged in an opening 147a of
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fﬁé}
s between a state shown by broken lines A and
ines B as shown in Fig. 4 and width

node vibration is strongly excited when the ratio b/a is

hand, it has-been confirmed that a rectangular vibrator 2
t hat shown by one-dot

the rectangular frame type support part 147.

The first and second piezoelectric resonance units 142 and
143 and the like which are arranged in the opening 147a are
integraliy formed with the support member 147. Namely, a single
piezoelectric ceramic plate ié machined or etched to obtain an
integral member having the plane shape shown in Figs. 23A and
23B.

Fig. 24 is a perspective view showing a piezoelectric
resonator 201 according to an eighth embodiment of the present
invention. The piezoelectric resonator 201 according to this
embodiﬁent'utilizes a piezoelectric transverse effect, similarly
to the piezoelectric resonator 11 shown in Figs. 10A and IOBﬂ In
this piezoelectric resonator 201, however, a piezoelectric
resonance part 203 which is formed by a piezoelectrié ceramic
plate 202 having a rectangular section ié different in structure
from that in the piezoelectric resonator 11. Namely, the
piezoelectric ceramic plate 202 is polarized in parallel with
its major surfaces, as shown by arrow P (see Fig. 24). Resonance
electrodes 204 and 205 are formed on an upper surface of the
piezoelectric ceramic plate 202, along both edges 202a and 202b
thereof. Other structure of this embodiment is substantially
similar to that of the piezoelectric resonator 11, and hence
redundant description is omitted.

As hereinabove described,, the piezoelectric ceramic plate

202 is polarized in the direction coupling the resonance
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considerably larger than 1, i.e., when b/a >> 1. Further, it has b
recogni zed that wi dth expansion nobde vibration shown in Fig. 3 is strong

exeited when the ratio b/a is larger than 1 and snmaller than the -
aforenmenti oned one strongly exciting w dth node vibration. Referrin
toiFig. 3, it has been recognized that vibration between states shown by §
one-dot chain lines A and broken lines B is strongly excited in a vibrator
3 having a rectangul ar sectional shape by selection of the aforenentioned

rati o b/ a.

3
5

1
10

£
15

C
20
25

electrodes 204 and 205 with each other, whereby a resonator
utilizing the width expansion mode excited by a piezoelectric
transverse effect is providéd upon application of an alternating
voltage across the resonance electrodes 204 and 205. Also in
this embodiment, the ratio b/a of the length of each longer side
to that of each shorter side is selected in relation similar to
that of the embodiment shown in Figs. 10A and 10B. Thus, a
pieioelectric resonator utilizing a width expansion mode is
provided similarly to the embodiment shown in Figs. 10A and 10B,
and this piezoelectric resonator can be mechanically held by
holding parts 2086 and 207.

Fig. 25 is a perspective view showing a piezoelectric
resonator 210 according to a ninth embodiment of the present
invention. The piezoelectric resonator 210 according to.this
embodiment corresponds to a modification of the piezoelectric
resonator 11 shown in Figs. 10A and 10B. This piezoelectric
resonator 210 is different from that shown in Figs. 10A and 10B
in a point that a piezoelectric ceramics member 213 in the form
of a rectangular parallelopiped is employed with a thickness
which is considerably smaller than that of the piezoelectric
ceramic plate 13 employed in the piezoelectric resonator 11
shown in Figs. 10A and 10B. The piezoelectric ceramics member
213 forming a piezoelectric resonance part 212 has a rectangular
sectional shape having a ratio b/a which is selected in a similar

manner to that of the embodiment shown in Figs. 10A and 10B, and
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ement i oned vi bration node has been naned as the width expansi on

The af
node sfnce the sane is conceivably a vibration node between the well-known
expansion and width nodes. On the basis of the aforenmentioned recognition,

fnventor has prepared a piezoelectric resonator with a piezoelectric
di aphragm whil e selecting the ratio b/a at a specific value. Fig. 1 shows
| ezoel ectric resonator 5 obtained in this manner. This piezoelectric
onator 5 conprises a piezoelectric ceramic plate 6 of a rectangul ar
ctional shape with shorter sides and |onger sides having lengths a and b
respectively, and el ectrodes
a resonance electrode 14 (that provided on the other side is not
shown in Fig. 25) is formed on each major surface which is in
parallel with the rectangular section. Thus, the vibrator
having a rectangular section may be in the form of a rectangular
5 parallelopiped having a thickness which is larger than the
length 2 of its longer side according to the present invention.
Fig. 28 is a perspective view showing a vibrator 301
according to a tenth embodiment of the present invention, which
is held by spring terminals 305 and 308. The vibrator 301
10 according to this embodiment is formed by a piezoelectric
ceramics member 302 in the form of a rectangular parallelopiped,
which has a rectangular section with longer sides each having a
‘length b and shorter sides each having a length a. This
piezoelectric ceramics member 302 is polarized along arrow P,
15 i.e., in parallel with the longer sides. "Resonance electrodes
303 and 304 are formed on a pair of opposite side surfaces of the
pieééelectric ceramics member 302 respectively. These side
surfaces are located on the shorter sides.
When an alternating voltage is applied across the resonance
20 electrodes 303 and 304, the vibrator 301 resonates in a width

expansion mode and nodal portions of the vibration linearly

appear on the side surfaces which are located on the shorter

sides. In other words, the nodal portions of vibration appear in
linear regioﬂs extending along the thickness of the

25 piezoelectric ceramics member 302, i.e., perpendicularly to the
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7 and 8 which are forned on overall major surfaces of the piezoelectrid
ceram c plate 6. The piezoelectric ceramc plate 6 is uniformy polariz
glong its thickness, as shown by arrow P. In the af orementi oned
pi ezoel ectric resonator 5, the ratio

10 -

10

15

20

25

rectangular section, in positions half the vertical positions of
the resonance electrodes 303 and 304. Thus, it is possible to
easily hold the vibrator 301 mechanically in the aforementioned
linear nodal portions with the spring terminals 305 and 306, as
shown in Fig. 28.

As clearly understood from the vibrator 301 shown in Fig.
26, it is also possible to hold the inventive vibrator with
spring terminals, dissimilarly to the aforementioned
embodiments. Also in this case, no severe stress concentration
is caused between the vibrator 301 and the spring terminals 305
and 306 since the nodal portions of vibration linearly appear
along the thickness of the piezoelectric ceramics member 302
according to this embodiment, and hence the vibrator 301 is
hardly cracked. |

While the material for the vibrator.is prepared from
piezoelectric ceramics in each of the aforementioned
embodiments, the piezoelectric ceramics may be replaced by any
material showing the piezoelectric characteristics such as a
piezoelectric single crystal of quartz crystal, LiTaOz or LiNbOj
or a polymer showing the piezoelectricity. Further, the
piezoelectric plate may be constituted by even a semiconductor
plate or a metal plate not showing the piezoelectricity per se on
which a piezoelectric material layer is formed.

While the double mode piezoelectric filter is shown in Fig.

23, the present invention may be applied to a single mode
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b/ a ‘varied to excite the aforenmentioned width expansi on vibration
node, ereby it has been confirnmed that the width expansion vibration
nodeg@as excited at the strongest when the equation b/a = -1.47[err] +

s satisfigdezEbY i8NQu§ + 4 spl acenent distribution in the
pi efoel ectric regoﬁgtoregélérlf t\%’lis e?ése, whi ch was anal yzed by a finite

yzed by & finite e mant et e e o st ve
to several particular embodiments, it is to be
appreciated that the described - embodiments are

5 exemplary only and are susceptible to modification
without departure from the scope of the invention as
determined in the appended clainms. For example
although the embodiments described above utilize the
basic wave of the width expansion mode, the same

10 meritorious effects can be obtained in case of using
the odd number harmonic waves such as third harmonic
wave, fifth harmonic wave or the like and thus such

harmonic wave may be used in the embodiments described

in the foregoing.
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parts were nmeasured with the origin 0 set at the center of a major surf?
of; the piezoelectric resonator 5 and the x- and y- axes defined as show
in Fig. 5B, whereby results shown in Fig. 6 were obtained. it is

urider stood that the ampunts of displacenent were nminimzed at the center
and a point Xerr] in Fig. 5B, i.e., the central portion of each shorter
siide, while the maxi mum anount of displacenent was | ocated at an
internedi ate position therebetween. This neans that nodal points of
viibration are positioned at the center of each major surface and the
central portions of the shorter sides in the piezoelectric resonator 5

CLAIMS:

1. A vibrator utilizing a width expansion mode having a
rectangular section Being provided with a pair of shorter sides
5 and a pair of longer sides, a ratio b/a of the length of each said
longer side to that of each said shorter side being within a
range of 10 % about the following value:
b/a = n(~-1.47¢ + 1.88) ces (1)
where a represents the length of ‘each said shorter side, b
10 represents that of each said longer side, ¢ represents the
Poisson's ratio of a material forming said vibrator, and n

represents an integer.

2. A resonator utilizing a width expansion mode, said
resonator comprising a vibrator in accordance with claim 1
15 and a support member being coupled to a substantially central
portion of at least one of said shorter sides of said

vibrator.

3. A resonator in accordance with claim 2, wherein said

20 vibrator having a rectangular section comprises a piezoelectric

resonance part.

4. A résonator in accordance with claim 3, wherein said
piezoelectric resonance part has a piezoelectric ceramic plate
25 being polarized along its thickness and electrodes being formed
on.both.major surfaces of said piez&elgctric ceramic plate.
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Pe¥0 a2 Wi dth expansion node. Thus, it is understood possible to

P¥t the piezoelectric resonator 5 without inhibiting the

enent i oned w dt h expansi on node by supporting the center of each major
ace or the central portions of the shorter sides by other support

per s. It has also been confirnmed that a simlar w dth expansion
de is excited with nodal points |located at the central portions

5. A resonator in accordance with claim 4, further -
comprising a holding part being coupled to a side of said support

member being opposite to that cdupled to said vibrator.

5 6. A resonator in accordance with claim 5, further
comprising a terminal electrode being formed on said holding
part, said terminal electrode being electrically connected to an

electrode being formed on said piezoelectric ceramic plate.

10 7. A resonator in accordance with any of claims 2 to 6,wherein
said support member is coupled to a substantially central

portion of each side surface of said vibrator on each said

shorter side.

15 8. A resonator in accordance with claim 3, wherein said
piezoelectric resonance part comprises a piezoelectric ceramic
plate.being polarized in a direction perpendicular to its
thickness, and first and second electrodes being arranged on one
major surface of said piezoelectric ceramic plate at a

0 prescribed distance.

8. A resonator in accordance with'claim 8, further
comprising a holding part being coupled to a side of said support

member being opposite to that coupled to said vibrator.

e

10. A resonator in accordance with claim 8, further

* . C L § - *
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of the shorter sides also when the aforenentioned ratio b/ais integral
times the value -1.47[err] + 1.88. This is now described wth reference t:

Fi gs. 17A and Thid Bheetffag)Beeh ﬁﬁ:&i ustrates displacenent distribution in a

IR ‘

expressed in the equation (1) with n = 2,
figure that

te:elenent nethod. It is understood fromthis

comprising a terminal electrode being formed on .said holding

part, said terminal electrode being electrically connected to an

electrode being formed on said piezoelectric ceramic plate.

5 1l. A resonator in accordance with any of claims 8 to 10,
wherein said support member is coupled to a éubstantially

central portion of each side surface of said vibrator on each
said shorter side.

12. A resonator in accordance with claim 2, wherein said

10 support member and a holding part are arranged on each side of

said vibrator.

13. A resonator in accordance with claim 12, further
comprising first and second spacers being bonded to said pair of
15 holding parts respectively for forming rectangular storage

spaces enclosing said vibrator.

14. A resonator in accordance with claim 13, wherein said
first and second spacers and said pair of holding parts are
20 formed by a single member, whereby said vibrator is arranged in

an opening of a rectangular frame type support part having said

opening.

15. A resonator in accordance with claim 14, further

25 comprising:

first and second protective substrates being stacked on

HIIIIII H!Ill IIIH IIIII ll Illl
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ron of a width expansion node is simlarly excited also in this

. Fig. 17B.llustrates displacenent distribution in a resonator

ch conprises the vibrator having the ratio b/a with n = 2, support

ers coupled to central portions of shorter sides thereof and hol di ng

ts provided outside the support nenbers. It is clearly understood from

g. 17B that the vibrator provided between the support nenbers is excited
a wdth expansion node and substantially no displacenent is

upper and lower portions of an integrated structure of said
resonator and said spacers, and

cavity forming means being provided between said holding
parts or said protective substrates and said resonator for

ensuring spaces for allowing vibration of a vibrating portion of

5
said resonator.
16. A resonator in accordance with claim 15, wherein said
cavity forming means is a rectangular frame type member.
0

17. A resonator in accordance with claim 15 ©F 16/being formed

as a chip~type component.

18. A vibrator in accordance with elaim 1, wherein the
thickness of said vibrator having a rectangular section along a
direction perpendicular to said section is larger than the

length b of each said longer side.

19. A resonator in accordance with claim 2, wherein the
thickness of said vibrator having a rectangular section along a

"direction perpendicular to said section is larger than the

length b of each said longer side.

{1 p— A



propagated toward the support nenbers. It has further been confif
that the aforenmentioned ratio b/a is related to the Poisson's ratio of
pi ezoel ectric resonator 5. The Poisson's ratio of the vibrator was vari
to neasure ratios b/a allow ng excitation of the aforenmentioned wdth =
expansi on vi brati on npde ahdrésenatbrein Hecowdaned ctitdd,any @flkilaiims
results shown in Fig. 7. Thus, it has been recognized possible to rellabl
excite the wi dt h2 ekpah3i o \14'9br ahexeimdaidyrestrancaegpat comprilses t o

satisfy the foll ow ng val ue: b/a = n(-1.47[err] + 1.88) (1
a plurality of resonating portions, each resonatlng

portion being operable independently so as to provide

5 a multiple mode resonator.

21. A resonator in accordance with any of claims
2 to 17, 19 or 20, further comprising damping neans
associated with said resonance part for damping

vibrations leaking from said resonance body.

10 22. A vibrator for providing width expansion
vibration, said vibrator comprising a rectangular body
having a ratio of its longer to shorter sides being
selected such that minimum vibration occurs at the
midpoint of its shorter sides during said width

15 expansion vibration.

23. A vibrator or resonator substantially as.
herein described with reference to Figures 1, 3 and 5A

to 26 of the accompanying drawings.

- 36 -
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10

where n represents an integer, as shown in a straight line in
It has further been recognized that a wi dth expansi on

Figure (8) 10 w.., ...o; gustract

ABSTRACT OF THE DISCLOSURE

A piezoelectric resonator (11)
utilizing a width expansion mode provided with a-piezoelectric
resonance part (12) having a rectangular section in which a ratio
b/a of the iength of each longer side to that of each shorter
side is within a range of 10 ¥ about the following value:

b/a = n(-1.47¢ + 1.88) . co. (1)
where a represents the length of each shorter side, b represents
that of each longer side, ¢ represents a Poisson's ratio and n
represents ah integer, and éupport members (16, 17) which are
coupled to centfal portions of both shorter sides of the

piezoelectric resonance part.

(O
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5 strongly excited not only when the ratio b/a satisfies
*1) but al so when the sane slightly deviates fromthe
To this end, a piezoelectric ceranmc plate having a
atio [err] of 0.324 was enployed and its ratio b/a was varied
®-rm presence/ absence of excitatijon of a wi dth expansion vibration
Ranmel'y, relative displacenment D('J(['g‘rr])/D(C) of the point Xferr] in
b8 With respect to a point C (see Fig. 5B), where the anount of
ficenment is maximzed in the w dth expansion node, was

FIG. 1

- )

) ' 8

'FIG.2 PRIOR ART
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g that D(X[err])
r] and D(C

g. 8 shows the results.
ge rel ative displacenent
of

1 were prepared to have the ra
“ue”“and support nenbers were coup
des thereof, to measure resonance

FIG.

represents the anmount of
represents the anount of

It

plurality of sanples of the piezoelectric resonator 5

di spl acenent at
di spl acenent at the
is clearly understood from Fig.

is within +10 % when the ratio b/ais in
1.26 to 1.54 in relation to the Poisson's ratio [err] of 0.324.

shown in

%uos b/a within +10 X about the optinmum

3

central portions of shorter

o/A
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== B atn
v \ '
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vibration is effectively trapped when the
10 % as described above.

¥ari stics. Consequently, it has been confirnmed that w dth

rel ative di spl acenent

3]
FIG. 5A
/5
VAAA

FIG. 5B
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10A and 10

A “i s under st ood p055|ble to excite the
adn vi bration node in an excel | ent
2t i oned ratio b/a in the range of +10

fation (1). Fi gs.

havi ng a

aforenmenti oned wi dth
state by setting the
% about a point satisfying
are a plan view and a front

onal view showi ng a piezoel ectriff{tgsonator 11 utilizing a width-
Ei on node according to the first enbodi nent of the present
is prepared on the basis of the aforenentioned
pel ectric resonator 11 has a fFeofaggul ar
hance part 12 as a vibrator
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h. Thi § piezoelectric resonance part 12 conprises a

rect angulj P

pi ezoel gf ‘am c plate 13 having a rectangular section, which is
uni f or nig ari zed along its thickness, and resonance el ectrodes 14 and
15 whi ci¥e fornmed on overall mmjor surfaces of the piezoelectric ceranic
pl at ’ ‘espectively. Support nenbers igyaqd 17 are coupled to central
porti shorter sides of the piezoelectric resonance part 12, which

v points of vibration excited in a w dth expansi on node,
Fvely. Further, holding parfsI@88ind 19 are coupled to
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out er ds of the support nenbers 16 and 17 respectively. Accordi ng
to thig enbodi nent, the support nenbers 16 and 17 and the holding parts 18
and 1§ are integrally forned with the piezoelectric ceramc plate 13.

Nanelg§/, a rectangul ar piezoelectric ceramc plate is machined to have the
sha___p shown in Fig. 10A and 10B. Alternatively, the support nenbers 16 and
la/lj
FIG. I0A
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- 14 -4 17 and the holding parts 18 and 19 nmay be fornmed i ndependently
of thgf piezoel ectric resonance part 12, to be coupled with the same as
shown §n Figs. 10A and .10B by a proper nethod such as adhesi on. The
resonghce el ectrodes 14 and 15 are electrically connected to term nal
elect odes 20 and 21 which are formed on

7/

FIG. 11

16 [12 7

i



Bj or surfaces of the holding parts 18 and 19 through | ead
ve parts 14a and 15a which are fornmed on single surfaces of the
supp menbers 16 and 17 respectively. In the piezoelectric
resof@ or 11 according to this enbodinment, an alternating voltage is

igfd across the ternminal electrodes 20 and 21, thereby exciting the
| ectric resonance part 12 in a width expansion node. In this case,
entral portions of the shorter sides gf _the piezoelectric resonance
& 12 hardly vibrate and form nodal p852f§ of the vibration, whereby the
fation of the width
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expansifon node is hardly inhibited by the support nenbers 16 and 17. Thus,
it is possible to effectively trap the vibration based on the

af orepgnti oned wi dt h expansi on node between the support nenbers 16 and 17.
It hagy been recogni zed possible to forman energy-trap piezoelectric
resonptor which is suitably used in the.fyrequency range of 800 kHz to 2
MHz" gccording to this enbodi ment, sinceqdﬁ& pi ezoel ectric resonance part

12 fprmed by a piezoelectric ceramc plate exhibits a resonance frequency
of 0 kHz when the
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.5 mmin width and 3.5 nmin length and that of 2 Mz when the
sane | .O0OmMmin wdth and 1.4 mmin | ength. When t he piezoelectric
resonante part 12 is made of another material, however, the effective
frequg cy range is varied as to

same i Sy
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enenti oned resonance frequency, as a matter of course. Thus, it is

to obtain energy-trap piezoelectric resonators which are suitably

various frequency ranges by preparing resonance parts 12 from

g pi ezoel ectric materials. Fig. 12 shows an energy-trap

"Iectric resonator 5 according to a second enbodi nent - of : the present
According to this embodi g L netal termnals 22 and-23. for

M ng as support nenbers are bonded t dlectrodes 7 and 8, co.ﬂespondlng

Fyhose provided on both major surfaces of the REK

FIG. ITA

FIG.17B
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grCc resonator 5 shown in Fig. 1, by solder (not shown). 1In this
tio b/a of the piezoelectric resonator 5is so selected that
kpansi on node vi bration can be strongly excited as described above.
pi ezoel ectric resonator 5, therefore, central portions of shorter
Wof its major surfaces formnodal points of vibration, and the netal
BRal s 22 and 23 are bonded to portions close to the nodal points by

@sol der. Al so when the netal terniﬁghﬁ 22 and 23 for serving as

prt nenbers are bonded to the piezoéel e€ctric resonator 5

This Sheet Has Been Reﬂlaced




¥ s enbodi nent as shown in Fig. 12, therefore, vibration of
ESi on node excited in the piezoelectric

@:t esonator 5 is hardly inhibited. Fig. 13 shows an

™ piezoelectric resonator 31

24

l'b}tj

FIG. 19 |
na

13

113a
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pFc third enbodi nent of the present invention. This

B-C resonator 31 has a piezoelectric resonance part 32
gravi ng a rectangul ar section, simlarly to the
pr ezoel ectric resonance part 32, a pair of
B 32c are formed on an upper
@¥dges of its |onger si des.

as a
first enbodi nent.
resonance el ectrodes
sun{¢cg of a piezoelectric plate 32a
The pilezoelectric plate 32a is

ed along arrow P in Fig. 13, i.e., in a direction fromthe

' ‘;nce el ectrode 32b toward the resonance el ectrode 32c. Also in this
o nent, the

FI1G.21
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r at’ise 2 of the length b of each longer side of the pi ezoel ectric
resgilce part 32 to the length a of each shorter side is set in the
rangdg®n t hin +10 % about a point satisfying the equation (1). When
an a@Yernating voltage is applied across the resonance electrodes 32b and
320f} herefore, the piezoelectric refgg e part 32 vibrates in a width
expahsi on node. In this case, the elfectric resonance part 32 is

di splaced in parallel with the electrlc field as applied, whereby the

pi gzoel ectric resonator 31 utilizes a piezoelectric |ongitudinal effect.

7’ FIG. 23A
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Al a3 .t'!ﬂe pi ezoel ectric resonator 31 according to this enbodiment, ,
supp@f¥ menbers 36 and 37 are coupled to nodal points of vibration of the

pi ezt ectric resonance part 32 resonatin in the aforenenti oned w dth
expary ion node, and holding parts 38 16{t9

17 - ¢

2
FIG.24 203

FIG.25
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and 39 are coupleg to outer ‘ends of the support nenbers 36 and 37
reﬁctivel y. Referring to Fig. 13, nunerals 34a and 35a denote |ead
contMctive parts, and nunerals 40 and 41 denote term nal el ectrodes.

As cl-early understood fromthe enbodi mrent shown in Fig. 13, the inventive
resonator utilizing a wdth expansion node is applicable not only to that
utiTizing a piezoelectric transverse effect, but to that utilizing a

pi ezoel ectric |ongitudinal effect. l‘l[!j
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Vibrator, Resonator and Resonance Component Utilizing Width
Expansion Mode |
BACKGROUND OF THE INVENTION
Field of the Invention

- The present invention relates to a vibrator having a
rectangular section, and a resonator, and more particularly, it
relates to a vibrator, a resonator and a resonance component
utilizing a width expansion mode.

Description of the Background Art

In general, piezoelectric resonators utilizing an expansion
vibfation\mode and a contour shear vibration mode are employed in
the frequency range of several 10 kHz to 2 MHz.

Whichever one of the aforementioned vibration modes.is
utilized, however, nodal points.of vibration are located only on
central points of major surfaées of the piezoelectric resonator
and hence it is difficult to stably hold the piezoelectric
resonator. The aforeméntioned piezoelectric resonator is held
at the nodal points, which are located on the centers of its
major surfaces, with spring terminals. However, the
conventional piezoelectric resonator utilizing an expénsion
vibration mode or a contour shear vibration mode employs a plate
type vibrator, and hence stress may concentrate at contact

points between the piezoelect-ric resonator and the spring

terminals to crack the piezoelectric resonator, when the
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than a piezoel ectric substance.: In the inventive resonator, further, -
~dynanmi c danpers may be further provided outside the support nenbers which
are coupled to the vibrator, to cancel |eaking vibration by a phenonenon
of a dynam c danper. Fig. 14 shows such 2an enbodi nent. Fig. 14 shows
a piezoelectric resonator 42, which

'piezoelectric resonator is held by such spring terminals.
Further, it is difficult to select a holding structure
other than the aforementioged one employing the spring terminals

as well as to miniatufize a component employing the
piezoelectric }esonator. since the nodal points of vibration are
located at the centers of the major surfaces.

SUMMARY OF THE INVENTION

The present invention aims to provide a vibrator,

a resonator and a resonance component suitably employed in a
frequency range of several 100 kHz to 2 MHz or a wider frequency
range, which can be simplified in support structure, hardly

~ causes stress concentration, and has a high possibility of
reducing its overall size.

In order to -solve the aforementioned probiem, the present
invention provides a vibrator having a rectangular section,
which is provided with a pair of shorter sides and a paif'of
longer sides. In this vibrator, a ratio b/a of the length of
each longer side to that of each shorter side is within a range
of £10 % about the following value:

b/a = n(-1.47¢ + 1.88) cee (1)
where‘g represents the length of each shorter side, b represents
:that of each‘longer side, ¢ represents the Poisson's.ratio of a
material forming the vibrator and n represents an integer.

According to a specific aspect of embodiments of the invention.,

provided is a resonator utilizing a width expansion mode,
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- 18 - ~ corresponds to a nodification of the piezoelectric resonator
11 according to the first enbodi ment shown in Figs. 10A and 10B: Portions
correspondi ng to those.shown in Figs. 10A and 10B are denoted by =~
correspondi ng reference nunerals, to om t3 redundant descri ption. In
this piezoelectric resonator 42, a pair of dynamc

further comprising a support member which is coupled to a
substantially central portion of at least one of the shorter
edges, serving as nodal points, of the aforementioned vibrator

having a rectangular section.

The vibrator and the resonator according to embodiments of the
invention utilize a width expansion mode, as hereinabove |
described. As clearly understood from embodiments described
later, the width expansion mode is one of vibratic;n modes of a
vibrator héving a rectangular section, which is in a vibrating
state between expansion mode vibration of a vibrator having a
square section and width mode vibration of a vibrator having a
rectangular section.

According to the specific aspeét of embodiments of the invention,

. the Support member is coupled to the central portion of at least
one of the shorter sides, in consideratio.n of the fact that the
.nodal points of vibration are present not only at centers of
méjor surfaces of the vibrator having a rectangular section but
the central portions of the shorter sides in the vibrator
utilizing the aforementioned width expansion mode.

In the resonator utilizing a width expansion mode embodying
the present invention, it is possible to support the vibrator
"by simply fixin;g the support member to the central portion of at
* least one of the shorter sides of the vibrator or integrating the

) former with the latter, wh'ereby the support structure can be

simplified. Therefore, it is possible to reduce the overall size

This is the replacement sheet
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danper.s 43 and 44 are provided.on. outer ends of support nenbers 16 and 17
respectively, while coupling menbers 45 and 46 are coupled to central-
portions of outer side surfaces of the dynam c danpers 43 and 44
respectively and outer ends of the couplis4g- nenbers 45 and 46 are coupl ed
to holding parts 18 and 19 respectively. Nanely, the pair of dynamc
danpers 43 and .44 and .the coupling nenbers 45 and 46 are inserted in a
structure corresponding to that of the piezoelectric resonator 11 shown in

Figs. 10A anoq. %ReB regb%acyon@@sccgﬁgggég w‘ﬁhaQﬂed'éog{fgn@g&%f%itegoelectric

resonator utilizing contour vibration, which has been
~commercialized to be used in the frequency range of 1 to 2 Hz.
Thus{ it is possible to provide a resonator utilizing a
width expaﬁsion mode, which has not been present in general,
‘thereby providing a resonator for use in a frequency range, which
has been unavailable in general, by dévising the material for the
vibrator. When the vibrator is made of piezoelectric ceramics,
for example, it is possible to obtain an energy-trap .
piezoelectric resonator which is effective in the ffequency
range of 800 kHz to 2 MHz and a wider frequency range.
According'to another specific aspect of embodiments of the
invention, provided is a resonance component utilizing the
aforementioned width expansion mode, comprising the resoﬁator
utilizing a width expansion mode in accordance with claim 1, case
substrates which are pasted to upper and lower portions of the
resonator for holding the same, and cavity forming means
'provided in the case substrates or between the case substrates
and the resonator for ensuring spaces for allowing vibration of a
vibrating part of the resonator.
Nameiy, the support structure is so simplified that it is
. possible to easily fprm.an integral chip type resonance
component by fixihg the case substrates to the upper and lower
portions of the aforgmentioned,resonator utilizing a width

expansion mode and providing the cavity forming means in the case

- et
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cancel |eaking vibration by a mélf—knomn_phenonenon,Qf.a dynam ¢ danper.
Nanely, the dynam ¢ danpers 43 and 44 receive |leaking vibration and -
vi brate by the phenonenon of a dynam c danper, thereby canceling the

vi bration | eaking froma resonance part 512. Figs. 15 and 16 are an
expl oded perspective view and a perspective view for illustrating a

chi p-type resonance conponent according to a fifth enbodi nent of the
present invention. This enbodi ment is structured with enpl oynent of
t he

substrates or between the case substrates and the resonators.

The foregoing and other objects, features, aspects and
advantages of the present invention will become more apparent
from the following detailed description of the present invention
when taken in conjunction with the accompanying drawings. -
BRIEF DESCRIPTION OF THE DRAWINGS

. Fig. 1 is a perspective view for illustrating a vibrator
employed in a first embodiment of the present invention;

Fig. 2 is a schematic plan view for illus;rating an
expansion mode;

Fig. 3 is a schematic plan view for illﬁstrating a width
expansion mode;

Fig. 4 is a schematic plan view for illustratiné a width
mode;

Figs. 5A and 5B are a diagram showing displacement
distribution in a width expansion mode analyzed by a finite
element method and a diagram for illustrating coordinates in
Fig. 5A respectively:

Fig. 6 illustrates relation between positions along a
direction X and amounts of displacement in the displacement
distribution shown in Fig. 5A;

Fig. 7 illustrates relation between Poisson's ratios and
dimensional ratios b/a for exciting width expansion mode
vibration;

Fig. 8 illustrates relation between the ratios b/a and
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- 19 - piezoel ectric resonator 11 utilizing a w dth expansion node
shown in Figs. 10A-and~10B.- Nanely, spacers 51 and 52 which are equivalent.
in thickness to the piezoelectric resonator 11 are

-6 -

amounts of relative displacement in the displacement
distribution shown in Fig. SA;
Fig. 9 illustrates relation between the Poisson's ratios

and the ratios b/a;

Figs. 10A and 10B are a plan view and a front elevational
view showing a piezoelectric resonator utilizing a width
expansion vibration mode according to the first embodiment of
the present invention;

Fig. 11 illustrates displacement distribution in the
piezoelectric resonator shown in Figs. 10A and 10B;

Fig. 12 is a perspective view showing a piezoelectric
resonator utilizing a width expansion mode according t§ a second
embodin;ent of the present invention;

Fig. 13 is a plan view showing a piezo-resonator utilizing a
width expansion mode according to a third embodiment of the
pr.e_sent invention;

- Fig. 14 is a plan'view showing a piezoelectric resonator
utilizing a width expansion mode, having dynamic dampers,
according to a fourth embodiment of the present invention;

Fig. 15 is an exploded perspective view showing a chip-type
reson'ance component according to a fifth embodiment of the
'present invention;

Fig. 16 is a perspeétive view showing the chip-~type
resonance component of Figure 15;

Figs. 17A and 17B illustrate displacement distribution in a
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bonded to side portions of the piezoelectric resonator.11, to forma
resonance plate 53: ' The spacers 51 and 52, which are substantially
U-shaped in plane shape, are coupled to and integrated with hol ding parts
18 and 19 of the piezoelectric resonat-or7 14 on-both ends thereof.

These spacers 51 and 52 can be nmade of an arbitrary insulating material,
such as insulating ceram cs such as alumna or synthetic resin, for
exanpl e. Rect angul ar franme type cavity form ng nmenbers 54 and 55 for
serving as cavity form ng neans are arranged on upper and | ower

_wvibrator having a ratio expressed in the equation (1) with an
integer o of 2 and that in a resonator formed by this vibrator:

Fig. 18 is an exploded perspective view for illustrating a
chip-type-resonance component employing a piezoelectric
resonator according to a sixth embodiment of the present
invention;

Fig. 19 is a perspective view showing a piezoelectric
ceramic plate employed in the piezoelectric resonator shown in
Fig. 18;

Fig. 20 is a perspective view showing the piezoelectric
resonator shown in Fig. 18;

Fig. 21 is a perspective view showing the appearance of the
chip-type piezoelectric resonance component shown in Fig. 18; |

Fig. 22 is a perspective view showing a modification of the
piezoelectric resonator, which is integrated with a rectangular
frame type support member;

Figs. 23A and 23B are a plan view showing a piezoelectric
filter as a piezoelectric resonator according to a seventh
embodiment of the present invention and a typical plan view
showing shapes of lower electrodes through a piezoelectric
ceramic plate;

Fig. 24 is a perspective view showing a piezoelectric
resonatdr according to an eighth embodiment of the present
invention;

Fig. 25 is a perspective view showing a piezoelectric
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portions of the resonance plate 53, while case substrates 56 and 57 are
pasted to the upper and |ower portions of the resonance plate 53 with an

i nsul ati ng. adhesive through the cavity form ng nmenbers 54 and 55.

The cavity form ng nenbers 54 and 55 aregadapted to allow .vibration of a
vibrating portion of the piezoelectric resonator 11, i.e., a piezoelectric
resonance part 12. Therefore, sizes of openings 54a and 55a of the cavity
form ng nenbers 54 and 55 and thicknesses of the cavity form ng nenbers 54

and 55 are sel ected
resonator according to a ninth embodiment of the present

invention; and

Fig. 26 is a perspective view showing a piezoelectric
resonator according to a tenth embodiment of the present
invention, which is held by spring terminals.
DESCRIPTION OF THE EMBODIMENTS

Embodiments of the present invention are now described with
reference to the drawings, to clarify the present invention.

Figs. 2 to 4 are schematic plan views showing vibrating
states of vibrators, for illustrating an expansion mode, a width
expansion mode and a width mode respectively. The inventor has
analyzed vibrating states of réctangula:'plate type vibrators as
vibrators having rectangular sections by a finite element method
while va:ying lengths of shorter and longer sides. When the
length b of each longer side is at a ratié b/a of 1 to the length
2 of each shorter side, i.e., when a vibrator 1 is in the form of
a square, vibration of an expansion vibration mode is strongly
excited as shown in Fig. 2. In other words, vibration is
repeated'in a state shown by broken lines A and that shown by
one-dot chain lines B in the vibrator ! having a square plane
_shape shown in Fig. 2, and expansion mode vibration is strongly
excited.

On the other han@. it has been confirmed that a rectangular
vibrator 2 vibrates between a state shown by broken lines A and

that shown by one-dot chain lines B as shown in Fig. 4 and width
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I n consideration of the aforenentioned point. The cavity formng
menbers 54 and 55 can be made of insulating resin filns such as

pol yet hyl ene terephthalate filnms - ' - 20 -
or sheet-type adhesive nenbers, or othergatbitrary insulating nmaterials.

mode vibration is strongly excited when the ratio b/a is
considerably larger than 1, i.e., when b/a >> 1.

Further, it has been recognized that width expansion mode
vibration shown in Fig. 3 is strongly excited when the ratio b/a
is larger than 1 and smaller than the aforementioned one strongly
exciting width mode vibration.

Referring to Fig. 3, it has been recognized that vibration
between states shown by one-dot chain iines A and broken lines B
is strongly excited in a vibrator 3 having a rectangular
sectional shape by selection of the aforementioned raéio b/a.

The aforementioned vibration mode has been named as the
width expansion mode since the same is conceivably a vibration
mode between the well-known expansion and width modes. On the
basis of the aforementioned recognition, the inventor hag
prepared a piezoelectric resonator Qith a piezoelectric
diaphragm while selecting the ratio b/a at a specific value.

Fig. 1 shows a piezoeledtric resonator.s obtained in this manner.
This piezoelectric resonator 5 comprises a piezoelectric ceramic
plate 8 of a rectangular sectional shape with shorter sides and
longer'sides having lengths a and b respectively, and electrodes
7 and 8 which are formed on overall major surfaces of the
.piezoelectric ceramic plate 6. The piezoelectric ceramic plate
6-is uniformly polarized along its thickness, as shown by arrow
P.

In the aforementioned piezoelectric resonator 5, the ratio
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.The case substrates 56 and 57 can be nade of a proper synthetic naterial
such as insulating ceram cs such as alunmina or synthetic resin. The case
substrates 56 and 57 hotd the. resonance plate 53 through the cavity

form ng nenbers 54 and 55 and are integnated with the sane, to forma

chi p-type resonance conponent 60 shown in Fig. 16. In this chip-type
resonance conponent 60, external electrodes 62 and 63 are fornmed on both
end surfaces of a lamnate 61 which is forned by pasting the case

substrates 56 and ) ] )
3/a was varied to excite the aforementioned width expansion

vibration mode, whereby it has been confirmed that the width
expansion vibration mode was excited.at the strongest when the
equ;tion b/a = -1.47¢ + 1.88 was satisfied. Fig. 5A shows
isplacement distributidn in the piezoelectric resonator § in
this case, which was aqalyzed by a finite element method.
| In the aforementioned displacement distribution analyzed by
a finite element method, states of displacement of respective
parts were measured with the origin O set at the center of a
major surface of the piezoelectric resonator S5 and the x- and y-
- axes defined as shown in Fig. 5B, whereby results shown in Fig. 6
were dbtained. It is understood that the amounts of displacement
were minimized at the center O and a point X; in Fig. SB, i.e.,
the central portion of eac@ shofter side, while the maximum
amoug: of displacement was located at an‘intermediaté position
therebetween. This means that nodal points of vibration are
positioned at the center of each majof surface and the central
portions of the shorter sides in the piezoelebtric resonator §
.utilizing a width expansion mode. Thus, it is understood
possible to support the piezoelec;ric resonator 5 without
inhibiting the aforementioned width expansion mode by supporting
the center of each major surface or the central portions of the
shorter sides by other support members.
It has also been confirmed that a similar width expansion

mode is excited with nodal points located at the central portions
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57 to the resonance plate 53. The external electrodes 62 and 63 are forned
by applying a-conductive material by plating, vacuum deposition or )
sputtering. The external el ectrodes 62 and 63 are preferably forned
not only on both end surfaces of thedaynate 61 but to reach upper and

| ower surfaces thereof as shown in Fig. 16, in order to facilitate

el ectrical connection with a conductive pattern provided on a printed
circuit board or the |like, when the chip- type resonance conponent 60 is
nounted on the printed circuit board. |In order to facilitate such
formation of the .g¥tsHder sides also when the aforementioned ratio b/a is

integral times the value -1.47¢ + 1.88. This is now described
with reference to Figs. 174 and 17B. Fig. 17A illustrates
displacement distribution in a vibrator having a ratio'b/a
expressed in the equation (1) with n = 2, which was analyzed by a
finite element method. It is understood from this figure that
vibration of a width expansion mode is similarly excited also in
this case.

Fig. 17B illustrates displacement distribution in a
resonator which compri;eé the vibrator having the ratio b/a with
a= 2, support members coupled to central portions of shorter
sides thereof and hdlding parts provided outside the support
members. It is clearly understood from Fig. 17B that the
vibrator provided between the support members is excited in a
width expansion mode and substantially no displacement is
propagated toward the support members.

It has further been confirmed that the aforementioned ratio

b/a is related to the Poisson's ratio of the piezoelectric

resonator 5. The Poisson's ratio of the vibrator was varied to
measufe ratios b/a allowing excitation of the aforementioned
width expansion vibration mode and the values b/a were plotted,
to obtain results shown in Fig. 7. Thus, it has been recognized
possible to reliably excite the width expansion vibration mode
by selecting the ratio b/a to satisfy the following value:

b/a = n(-1.47¢ + 1.88) c. (1)

This is the replacement sheet

| Date: 1 ) JUL 1396



el ectrodes 62 and 63 to reach the upper and | ower surfaces of the [|am nate
61, electrodes 56a and 56b are previously forned on the case substrate 56
in this enbodiment, as shown in Fig. 15. Another pair of electrodes (not
shown) are also forned on a | ower - 12 - - 21 -

where n represents an integer, as shown in a straight line in
Fig. 7.

It has further been recogn;zed that a width expansion
vibration mode is strongly excited not only when the ratio b/a
satisfies the equation (1) but also when the same slightly
deviates from the equation (l1). To this end, a piezoelectric
ceramic plate having a Poisson's ratio ¢ of 0.324 was employed
and its ratio b/a was varied to confirm presence/absence of
excitation of a width expansion vibration mode. Namely,
relative displacement D(X;)/D(C) of the point X; in Fig. 5B with
respect to a point C (see Fig. 5B), where the amount of
displacement is maximized.in the width expansion mode, was
ﬁeasured assuming that D(Xl) reﬁresents the amount of
displacement at the point X and D(C) represents the amount of
displacement at the.point C. Fig. 8 shows the results.

It is clearly understood from Fig. 8 that the relative
displacement is within £10 % when the ratio b/a is in a range of
1.26 to 1.54 in relation to the Poisson's ratio o of 0.324.
Then..a plurality of samples of the piezoelectric resonator 5
shown in Fig. 1 were prepéred to have the ratios b/a within £10 %
about the optimum value and support members were coupled to
central portions of shorter sides thereof, to measure resonance
characteristics. Consequently, it has been confirmed that width
expansion mode vibration is effectively trapped when the

relative displacement is within 10 %, as described above.
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surface of the case substrate 57. The el ectrodes 58a and 56b may not
necessarily be previously forned as descri bed above, but an external
electrode material may be applied to end surfaces of the lamnate 61 to
reach the upper and | ower surfaces afterighe lamnate 61 is obtained, to
formthe el ectrodes 56a and 56b. While the cavity form ng nmenbers 54
and 55 are independently prepared in this enbodi nent, concave portions
havi ng pl ane shapes corresponding to those of the openings 54a and 55a of
the cavity form ng nenbers 54 and 55 may be formed in

Thus, it is understood possible to excite the
aforementioned width expansion vibration mode in an excellent
state by setting the aforementioned ratio b/a in the range of %10
% about a point satisfying the equation (1)..

| Figs. 10A and 10B are a plan view and a front elevational
view showing a piezoelectric resonator 11 utilizing a width
expansion mode according to the first embodiment of the present
invention, which is prépared on the basis of the aforementioned
recognition. The piezoelectric resonator 11 has a rectangular
plate type piezocelectric resonance part 12 as a vibrator having a
rectangular section. This piezoelectric resonance parf 12
comprises a piezoelectric ceramic plate 13 having a rectangular
section, which is uniformly'poiarized along its thickness, and
resonance electrodes 14 and 15 which are formed on overall major
surfaces of the piezoelectric ceramic pléte 13 respectively.
Support members 16 and 17 are coupled to central portions of
shorter sides of -the piézoelectric resonance part 12, which are
nodal points of vibration excited in a width expansion mode, |
respectively. Further, holding parts 18 and 19 are coupled to
outer ends of the support members 16 and 17 respectively.

According to this embodiment, the support members 16 and 17
and the holding parts 18 and 19 are integrally formed with the
piezoelectric ceramic plate 13. Namely, a rectangular
piezoelectric ceramic plate is machined to have the shape shown

in Fig. 10A and 10B. Alternatively, the supporf members 18 and



t he lomér SUrfaQQ:Qf the case substrété 56 and thé_upper surface " of the
case substrate 57 respectively, thereby formng cavities for allow ng
vibration of the vibrating portion of the piezoelectric resonator 11. In
this case, it is possible to omt the-ckity form ng nenbers 54 and 55 by
adj usting the depths of the concave portions. Al ternatively, an
I nsul ati ng adhesive may be applied to the |ower surface of the case
substrate 56 and the upper surface of the case substrate 57 in the form of
rectangul ar frames with
17 and the holding parts 18 and 19 may be formed independently of
the piezoelectric resonance part lé. to be coupled with the same
as shown in Figs. 10A and 10B by a proper method such as
adhesion.

The resonance electrodes 14 and 15 are electrically
connected to terminal electrodes 20 and 21 which are formed on
single major surfaces of the holding parts 18 and 19 through lead
éonductive parts 14a and 15a which are formed on single surfaces
of the support members 16 and 17 respectively.

In the piezoelectric resonator 11 according to this
embodiment, an alternating voltage is applied across the
terminal electrodes 20 and 21, thereby exciting the
piezoelectric resonance part 12 in a width expansion mode. In
this case, the.central portions of the shorter sides of the
piezoelectric resonance ﬁart 12 hardly vibrate and form nodal
points of the vibration, whereby the vibration of the width
expansion.mode is hardly inhibited by the support members 16 and
17. Thus, it is possible to effectively trap the vibration based
on the-aforementioned width expansion mode between the support
'members 16 and 17. |

It has been recognized possible_tb form an energy-trap
piezoelectric resonator which is suitably used in the frequency
range of 800 kHz to 2 MHz according to this embodiment, since the

piezoelectric resonance part 12 formed by a piezoelectric

ceramic plgte exhibits a resonance frequency of 800 kHz when the
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adj ustment of the thicknesses of the insulating adhesive | ayers as formed,
to define cavities for allow ng vibration of the resonance part 12 of the
pi ezoel ectric resonator 11, in place of the cavity form ng nenbers 54 and
55 and the aforenentioned concave portipgs. In this case, the insulating
a?h$5|ve'layers for pasting the case substrates 56 and 57 to the resonance
pl ate - 22 -

same is 2.5 mm in width and 3.5 mm in length and that of 2 MHz
when the same is 1.0 mm in width and 1.4 mm in length.

IWhen the piezoelectric resonance part 12 is made of another
material, however, the effective frequency range is varied as to
the aforementioned resonance frequency, as a matter of course.
Thus, it is possible to obtain energy-trap piezoelectric
resonators which are suitably used in various frequency ranges
by preparing resonance.parts 12 from various piezoelectric
materials.

Fig. 12 shows an energy-trap piezoelectric resonator 5
according to a second embodiment of the preseht invention.
According to this embodiment, metal terminals 22 and 23 for
serving as support members are bonded to electrodes 7 and 8,
corresponding to those provided on both major surfaces of the
piezoelectric resonator 5 shown in Fig. 1,.by solder (not shown);
In this case, the ratio b/a of the piezoelectric resonator 5 is
so selected that width expansion mode vibration can be strongly
excited as described above. In the piezoelectric resonator 5,
therefore, central portions of shorter sides of ité major
surfaces form nodal points of vibration, and the metal terminals
22 énd 23 are bonded to portions close to the nodal points by the:
solder. Also when the metal terminals 22 and 23 for serving as
support members are bonded to the piezoelectric resonator 5
according to this embodiment as shown in Fig. 12, therefore,

vibration of a width expansion mode excited in the piezoelectric
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53 al so serve as the cavity form ng nmeans according to the present ,

I nventi on. -~ Wiile the piezoelectric resonator 11 shown in Figs. 10A
and 10B is enployed in the enbodi nent shown in Figs. 15 and 16, the sane
may be replaced by anot her resonator utiléi zing a width expansion node
according to the invention described in claiml1l such as the piezoelectric
resonator 31 shown in Fig. 13, for

resonator § is hardly inhibited.

Fig. 13 shows an energy-trap piezoelectric resonator 31
according to a third embodiment of the present invention. This
piezoelectric resonator 31 has a piezoelectric resonance part 32
as a vibrator having a rectangular section, similarly to the
first embodiment. In this piezoelectric resonance part 32, a
pair of resonance electrodes 32b and.32c are formed on an upper
surface of a piezoelectric plate 32a along edges of its longer
sides. The piezoelectric plate 32a is polarized along arrow P in
Fig. 13, i.e., in a direction from the resonance electrode 32b
toward the resonance electrode 32c. Also in this embodiment, the
ratio b/a of the length b of each longer side of the
piezoelectric resonance part 32 to the length a of each shorter
side is set in the range within 10 % about a point satisfying
the equation (1).

When an alternating voltage is applied across the resonance
electrodes 32b and 32¢, therefore, the piezoelectric resonance
part 32 vibrates in a width expansion mode. In this éase. the
piezoelectric resonance part 32 is displaced in parallel with
the eléctric field as applied, whereby the piezoelectric
resonator 31 utilizes a piezoelectric longitudinal effect.

Also in the piezoelectric resonator 31 according to this
-embodiment, support members 36 and 37 are coupled to nodal points
of vibration of_the piezoelectric resonance part 32 resonating

in the aforementioned width expansion mode, and holding parts 38
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exanple, to easily forma chip-type resonance conponent simlarly to t he
above. - In the aforenentioned chip-type piezoelectric resonance
conponent 60 shown in Fig. 16, the piezoelectric resonator 11 is bonded
with the spacers 51 and 52 by an insul atlihg-adhesive (see Fig. 15). If
defective bonding is caused in bonded portions shown by arrows A in Fig.
15, therefore, sealing performance is damaged. In other words, the portion
of the piezoelectric resonator 11 provided with the resonance part 12 is

deteriorated
and 39 are coupled to outer ends of the support members 36 and 37

respectively. Referring to Fig. 13, numerals 34a and 35a denote
lead conductive parts, and numerals 40 and 41 denote terminal

electrodes.

As clearly understood from the embodiment shown in Fig. 13,
the inventive resonator utilizing a widlh expansion mode is
applicable not only to that utilizing a piezoelectric transverse’
effect, but to that utilizing a piezoelectric longitudinal
effect.

While each of the above embodiments has been described with
reference to a vibrator of a piezoelectric substance having a
rectangular section, the present invention is characterized in
that the ratio b/a of a vibrator having a rectangular section is
selected in a specific range to excite the aforementioned width
expansion mode vibration and support meméers are coupléd to
central portions of shorter sides in consideration of the fact
that no&al points of the vibration of a width expansion mode are
located at these central portions. Therefore, the vibrator as
employed may alternatively be prepared from a material other
than a piezoelectric substance.

In the inventive resonator, further, dynamic dampers may be
further provided outside the support members which are coupleg
to the vibrator, to cancel leaking vibration by a phenomenon of a

dynamic damper. Fig. 14 shows such an embodiment.

Fig. 14 shows a piezoelectric resonator 42, which
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in sealing performance. In this case, characteristics such as noisture
resi stance are reduced in the chip-type piezoelectric resonance conponent
60. An enbodi nent whi ch can overcone the aforenentioned problem of
noi sture resistance i s now described w 18 ~eference to Figs. 18 to 21.
Fig. 18 is an expl oded perspective view corresponding to Fig. 15, for
illustrating a chip-type piezoelectric resonance conponent according to a
si xt h. enbodi nent of the present invention. In the chip-type piezoelectric
resonance conponent

corresponds to a modification of the piezoelectric resonator 11
according to the first embodiment shown in Figs. 10A and 10B.
Portions corresponding to those shown in Figs. 10A and 10B are
denoted by corresponding'reference numerals, to omit redundant
description;

In this piezoelectric resonator 42, a pair of dynamic
'dampers 43 and 44 are provided on outer ends of support members
16 and 17 respectively, while coupling members 45 and 46 are
coupled to central portions of outer side surfaces of the dynamic
dampers 43 and 44 respectively and outer ends of the coupling
members 45 and 48 are coupled to holding parts 18 and 19
respectively. Namely, the pair of dynamic dampers 43 and 44 and
the coupling members 45 and 46 are inserted in a structure |
corresponding to that of the piezoelectric resonator 11 shown in
Figs. 10A and 10B. The dynamic dampers 43 and 44 are adapted to
cancel leaking vibration by a well-known phenomenon of a dynamic
damper. Namely, the dynamic dampers 43 and 44 receive leaking
vibration and vibrate by the phenomenon of a dynamic damper,
thereby canceling the vibration leaking from a resonance part
12.

Figs. 15 and 16 are an exploded perspective view and a
perspective view for illustrating a chip-type resonance
component according to a fifth embodiment of the present
invention.

This embodiment is structured with employment of the
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- 23 - - shown in Fig. 18, a piezoelectric resonator 111 in the form of
a rectangul ar frame is enployed in place of the piezoelectric  resonator
11 and the spacers 51 and 52 shown in Fig.. 15. O her structures, i.e.,
cavity form ng nenbers 54 and 55 and - 19 -

piezoelectric resonator 11 utilizing a width expansion mode
shown in Figs. 10A and 10B. Namely, spacers 51 and 52 which are‘
equivalent in thickness to the piezoelectric resonator 11 are
bonded to side portions of the piezoelectric resonator 11, to
form a resonance plate 53.

The spacers 51 and 52, which are substantially U-shaped in
plane shape, are coupled to and integrated with holding parts 18
and 19 of the piezoelectric resonator 11 on-both ends thereof.

These spacers 51 and 52 can be made of an arbitrary
insulating material, such as insulating ceramics such as alumina
or synthetic resin, for example.

Rectangular frame type cavity forming members 54 and 55 for
serving as cavity forming means are arranged on upper and lower
portions of the resonance plate 53, while case substrates 56 and
57 are pasted to the upper and lower portions of the resonance
plate 53 with an insulating adhesive through the cavity forming
members 54 and 55. |

The cavity forming members 54 and 55 are adapted to allow
-vibfation of a vibrating portion of the.piezoelectric resonator
11, i.e., a biezoelectric resonance part 12. Therefore, sizes of
openings 54a and 55a of the cavity forming members 54 and 55 and
thicknesses of the cavity forming members 54 and 55 are selected
in consideration of the aforementioned point.

The cavity forming members 54 and 55 can be made of

insulating resin films such as polyethylene terephthalate films
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. protective substrates 56 and.57, are sinmlar to those shown in Fig. 15,
.and hence redundant description is omtted.. : The pi ezoel ectric
resonator 111 is forned by a piezoelectric ceramc plate 112 shown in Fig.
19 in a perspective view This piezoetez@r+c ceramc plate 112 i s obtai ned
by working a single rectangul ar piezoelectric ceramc plate into the
shape shown in Fig. 19 by etching with a | aser beamor nachining, for
exanple. In this piezoelectric ceramic plate 112, a rectangular franme type
support part dd3heevt+typerndhesivegmembers, or other arbitrary insulating

materials.

The case substrates S8 and 57 can be made of a proper
synthetic material such as insulating ceramics such as alumina
or synthetic resin. The case substrates 56 and 57 hold the.
resonance plate 53 through the cavity forming members 54 and S5
and are integrated with the same, to form a ch:.p-type resonance
component 60 shown in Fig. 18.

In this chip-type resonance component 60, external
electrodes 62 and 63 are formed on both end surfaces of a
laminate 61 which is formed by pasting the case substrates 58 and
57 to the resonance plate 55. The external electrodes 62 and 863
are formed by applying a conductive material by plating, vacuum
deposition or sputtering.

The external electrodes 62 and 63 are preferably formed not
only on both end surfaces of the laminate 81 but to reach upper
and lower surfaces thereof as shown in Fig. 16, in order to
facilitate electrical comnnection with a conductive pattern
provided on a printed circuit board or the like, when the chip-
type resonance component 60 is mounted on the printed circuit
board. Ia order to facilitate such formation of the external
electrodes 62 and 63 to reach thé upper and lower surfaces of the
laminate 61, electrodes 56a and 56b are previously formed on the
case substrate 56 in this embodiment, as shown in Fig. 15.

Another pair of electrodes (not shown) are also formed on a lower
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113a and a piezoelectric ceramc plate part 114 formng a resonance part
are integrated with each other. Electrodes are ‘fornmed on this

pi ezoel ectric ceranmic plate 112 simlarly to the piezoelectric resonator
11, to obtain the piezoelectric resonat®r 111 shown in Fig. 20. In
ot her words, the piezoelectric resonator 111 corresponds to such a
structure that the piezoelectric resonator 11 and the spacers 51 and 52
shown in Fig. 15 are integrated with each other. Therefore, the resonance
part and the el ectrodes of the piezoelectric resonator 111 are denoted by

the same refefepPffre of the case substrate 57.

The electrodes 56a and §6b may not necessarily be
previously formed as described above, but an éxternal electrode
material may be applied to end surfaces of the laminate §1 to
reach the upper and lower surfaces after the laminate 61 is
obtained, to form the electrodes S56a and 56b.

While the cavity forming members 54 and 55 are
indepéndently prepared in this embodiment, concave portions
having plane shapes corresponding to those of the openings S54a
and S5a of the cavity forming members 54 and 55 may be formed in
the lower surface of the case substrate 56 and the upper surface
of the case substrate 57 respectively, thereby forming cavities
for allowing vibration of the vibrating portion of the
piezoelectric resonator 11. In this case, it is possible to omit
the cavity forming members 54 and 55 by a&justing the depths of
the concave portions.

Alternatively, an insulating adhesi&e may be applied to the
lower surface of the case substrate 56 an¢ the upper surface of
the case substrate 57 in the form of rectangular frames with
adjustment of the thicknesses of the insulating adhesive layers
as formed, to define cavities for allowing vibration-of the
resonance part 12 of the piezoelectric resonator 11, in place of
the cavity forming members 54 and S5 and the aforementioned
concave portions. In this case, the insulating adhesive layers

for pasting the case substrates 56 and 57 to the resonance plate
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numeral s as those of the piezoelectric resonator 11, to omt redundant
descri ption: o : ' - 24 - ' The
pi ezoel ectric resonator 111 shown in Fig. 18 is forned

- 22 -

53 also serve as the cavity forming means according to the
present invention.

While the piezoelectric resonator 11 shown in Figs. 10A and
10B is émployed in the embodiment shown in Figs. 15 and 18, the
same may be replaced by another resonator utilizing a width
e:;pansion mode according to the invent:}on described in claim 1
such as the piezoelectric resonator 31 shown in Fig. 13, for
example, to easily form a E:hip-type resonance component
similarly to the above.

In the aforemeﬁtioned chip-type piezoelectric resonance
component 80 shown in Fig. 16, the piezoelectric rescnator 11 is
bonded with the spacers 51 and §2 by an insulating adhesive (see
Fig. 15). If defective bonding is caused in bonded portions
shown by arrows A in Fig. 15, therefore, sealing performance is
damaged. In other words; the portion of the piezoelectric
resonator 11 provided with the resonance part 12 is deteriorated
in sealing performance. In this case, characteristics such as
moisture resistance are reduced in the chip-type piezoelectric
resonance component 60.

An embodiment which can overcome the aforementioned problem
of moisture resistance is now described with reference to Figs.
18 to 21. Fig. 18 is an exploded perspective view corresponding
to Fig. 15, for illustrating a chip-type piezoelectric resonance
component according to a sixth.embodiment of the present

invention. In the chip-type piezoelectric rescnance component
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by the aforene
pi ezoel ectric

noi sture resis
chi p-type piez
Is effectively
are present o
per spective vi
whi ch i s obt ai

ntioned single piezoelectric ceramic plate 112. Wile the
resonance conponent shown in Fig. 15 nay be deteriorated in
tance through the bonded portions shown by arrows A the
oelectric resonance conpoldnt according to this enbodi nent

i mproved in noisture resistance since no bonded portions
n side portions of the resonance part. Fig. 21 is a
ew showi ng a chip-type piezoelectric resonance conponent 120

ned by
shown in Fig. 18, a piezoelectric resonator 111 in the form of a

rectangular frame is employed in place of the piezocelectric
resonator 11 and the spacers 51 and 52 shown in Fig. 15. Other
structures, i.e., cavity forming members 54 and 55 and
protective éubstrates 56 and 57, are similar to those shown in
Fig. 15, and hence redundant deséription is omitted.

The piezoelectric resonator 111 is formed by a
piezoelecéric ceramic plate 112 shown in Fig. 19 in a perspective
view. This piezoelectric ceramic plate 112 is obtained by
working a single rectangular piezoelectric ceramic plate into
the shape shown in Fig. LQ by etching with a laser beam or
machining, for example. In this piezoelectric ceramic plate
112, a rectangular framé type support part 113 having an opening
113a and a piezoelectric ceramic plate part 114 forming a.
resonance part are integrated with each other. Electrodes are
formed on this piezoelectric ceramic plate 112 similarly tb the
piezoelectric resonator 11, to obtain the piezoelectric

resonator 111 shown in Fig. 20.

In other words, the piezoelectric resonator 111 corresponds
to such a structure that the piezoelectric resonator 11 and the
spacers 51 and 52 shown in Fig. 15 are integrated with each

other. Therefore, the resonance part and the elegtrodes of the

'piezoelectric resonator 111 are denoted by the same reference

numerals as those of the piezoelectric resonator 11, to omit

redundant description.
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st acki ng the piezoelectric resonator 111, the cavity form ng nenbers 54
and. 55 and the protective substrates. 56 and 57 shown in Fig. 18. In this
chi p-type piezoel ectric resonance conponent 120, external electrodes 122
and 123 are fornmed to cover a pair of-ed surfaces of a | am nate 121 which
I s obtained by pasting the aforenentioned nenbers to each other. Thus, the
chi p-type piezoelectric resonance conponent 120 can be surface-nounted on

a printed circuit board or the like, simlarly to other chip-type
el ectroni ¢ conponents. - Fig. 22 illustrates a nodification of the

af orenenti oned

The piezoelectric resonator 111 shown in Fig. 18 is_formed
by the aforementioned single piezoelectric ceramic plate 112.
Wwhile the piezoelectric resonance component shown in Fig. 15 may
be deteriorated in moisture resistance through the bonded
portions shown by arrows A, the chip-type piezoelectric
resonance component according to this embodiment is effectively
improved in moisture resistance since no bonded portions are
present on side portions of the resonance part.

Fig. 21 is a perspective view showing a chip-type
piezoelectrié resonance component 120 which is obtained by
stacking the piezoelectric resonator 111, the cavity forming
members 54 and 55 and the protective substrates 56 and 57 shown
in Fig. 18. In this chip-type piezoelectric resonance component
120, external electrodes 122 and 123 are formed to cover ; pair
of end surfaces of a laminate 121 which is obtaiped by pasting
the aforementioned members to each other. Thus, the chip-type
piezoelectric resonance component 120 can be surface-mounted on
a printed circuit board or the like, similarly to other chip-type
electronic components.

Fig. 22 illustrates a modification of the aforementioned
piezoelectric resonator 111. Referring to Fig. 22, a
piezoelectric resonator 131 has a rectangular frame type support
member 132, and a piezoelectric resonator part 133 which is
integrally formed with the rectangular frame type support meméer

132. The piezoelectric resonator part 133 is formed similarly to
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pi ezoel ectric resonator 111. Referring to Fig. 22, a piezoelectric
resonator 131 has a rectangular frane type support nmenber 132, and a

pi ezoel ectric resonator part 133 which is integrally formed with the
rectangul ar frame type support nenber -13%2.-The piezoel ectric resonator
part 133 is formed simlarly to - 25 -

the piezoelectric resonator 31 shown in Fig. 13. Therefore,
parts such as a resonance part which are identical to those of
the piezoelectric resonator 31 are denoted by the same reference
numerals, to omit redundant description. f |

Also in the piezoelectric resonator 131, it is possible to
effectively improve moisture £esistance of a chip-type
piezoelectric resonance component formed by this piezoelectric
resonator 131 similarly to thé piezoelectric resonator 111 showﬁ
in Figs. 18 and 20, since the rectangular frame type support
member 132 is integrated with the piezoelectric resonator part
133. |

In each of the aforementioned embodiments, a single
resonance part utilizing a width expansion mode is formed in the
piezoelectric resonator. However, the present invention is also
applicable to a piezoelectric resonator thch is provided with a
plurdlity of resonance parts utilizing a width expansion mode.
Such an embodiment is now described with reference to Figs. 23A
and 233; Figs. 23A and 23B are plan view of such a piezoelectric
resonator i41 and a typical plan view showing shapes of lower
electrodes through a piezoelectric ceramic plate respectively.

The piezoelectric resonator 141, which is adapted to form a
double-mode piezoelectric filter, has first and second
piezoelectrié resonance units 142 and 143 utilizing a width
expansion vibration mode. - The piezoelectric resonance units 142

and 143 are formed by rectangular piezoelectric ceramic plate
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t he pieédelectric resonatdr-Bi éhomn in Fig. 13, Theref ore, .paftSFSUch éé'
a resonance part which are identical to those of the piezoelectric
resonator 31 are denoted by the sanme reference nunerals, to omt redundant
descri ption. Also in the piezoelecigi< resonator 131, it is possible
to effectively inprove noisture resistance of a chip-type piezoelectric
resonance conponent formed by this piezoelectric

parts which are uniformly polarized along thicknesses thereof,

electrodes 142a and 143a which are provided on single major

surfaces of the rectangular piezoelectric ceramic plate parts

for forming resonance electrodes, and electrodes 142b and 143b

which are provided on lower surfaces thereof for serving as-earth

electrodes.

The first and second piezoelectric resonance units 142 and
143 are excited in a Qidth expansion vibration mode
respectively, and nodal.points of the vibration are coupled with
each other by a coupling member 144. In the lower surfaces, on
the other hand, the electrodes 142b and 143b are electrically
connected with each other by a connecting conductive part which
is formed on a lower surface of the coupling member 144.
Therefore, it is possible to form a double mode piezoelectric
filter utilizing symmetrical and asymmet}ical modes by employing
the electrode 142a or 143a as an input or output electrode and
the lower electrodes 142b and 143b as earth electrodes.

The feature of this embodiment resides in employment of the
two piezoelectric resonance units 142 and 143, while other
points-thereof are similar to those of the piezoelectri§
reéonator 11. Namely, outer sides of the first and second
piezoelectric resonance units 142 and 143 are coupled to a
rectangular frame type support part 147 through support members

respectively. Thus, the first and second piezoelectric

resonance units 142 and 143 are arranged in an opening 147a of
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resonator 131 simlarly to the piezoelectric resonator 111 shown in Figs.
18 and. 20, since the rectangular frame type support nenber 132 is
integrated with the piezoelectric resonator part 133. In each of the
af orenenti oned enbodi ments, a single #e8®nance part utilizing a width
expansion node is formed in the piezoelectric resonator. However, the
present invention is also applicable to a piezoelectric resonator which is
provided with a plurality of resonance parts utilizing a wi dth expansion

node.

the rectangular frame type support part 147.

The first and second piezoelectric resonance units 142 and
143 and the like which are arranged in the opening 147a are
infegrally formed with the support member 147. Namely, a single
piezoelectric ceramic plate 15 machined or etched to obtain an
integral member having the plane shape shown in Figs. 23A and
23B.

Fig. 24 is a perspective view showing a piezoelectric
resonator 201 according to an eighth embodiment ef the present
invention. The piezoelectric resonator 201 according to this
embodiment utilizes a piezoelectric transverse effect, similarly
to the piezoelecfric resonator 11 shown in Figs. 104 and 10B. 1In
this piezoelectric resonator 201, however, a piezoelectric
resonance part 203 which is formed by a piezoelectric ceramic
plate 202 having a rectangular section ie different in structure
from that in the piezoelectric resonator i11. Namely, the
piezoelectric ceramic plate 202 is polarized in parallel with
its mejor surfaces, as shown by arrow P (see Fig. 24). Resonance
electrodes 204 and 205 are formed on an upper surface of the
piezoelectric ceramic plate 202, along both edges 202a and 202b
thereof. Other structure of this embodiment is substantially
similar to that of the piezoelectric resonator 11, and hence
redundant description is omitted.

As hereinabove described,. the piezoelectric ceramic plate

202 is polarized in the direction coupling the resonance
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Such an embodi nent is now described with reference to Figs.. 23A and 238.

Figs. 23A and 23B are plan view of such a piezoelectric resonator 141 and

a typical plan view showi ng shapes of |ower electrodes through a

pi ezoel ectric ceram c plate respectively28 -  The piezoel ectric resonator

141, which is adapted to forma doubl e-node piezoelectric filter, has

first and second piezoelectric resonance units 142 and 143 utilizing a

wi dth expansion vibration node. The piezoelectric resonance units 142

and 143 are fornmed by rectangul ar piezoelectric ceramc plate
electrodes 204 and 205 with each other, whereby a resonator
utilizing the width expansion mode excited by a piezoelectric
transverse effect is providéd upon application of an alternating
voltage across the resonance electrodes 204 and 205. Also in
this embodiment, the ratio b/a of the length of each longer side
to that of each shorter side is selected in relation similar to
that of the embodimenf shown in Figs. 10A and 10B. Thus, a
piezoeiectric resonator utilizing a width expansion mode is
provided similarly to the embodiment shown in Figs. 10A and 10B,
and this piezoelectric resonator can be mechanically held by
holding parts 208 and 207.

Fig. 25 is a perspective view showing a piezoelectric
resonator 210 according to a ninth embodiment of the present
invention. The piezoelectric resonator 210 according to this
embodiment corresponds to a modification of the piezoelectric
resonator 11 shown in Figs. 10A and 10B. This piezoelectric
resonator 210 is different from that shown in Figs. 10A and 10B
in a point that a piezoelectric ceramics member 213 in thg form
of a rectangular parallelopiped is employed with a thickness
which is considerably smaller than that of the piezoelectric
ceramic plate 13 employed in the piezoelectric resonator 11
shown in Figs. 10A and 10B. The piezoelectric ceramics member
213 forming a piezoelectric resonance part 212 has a rectangular

sectional shape having a ratio b/a which is selected in a similar

manner to that of the embodiment shown in Figs. 10A and 10B, and.
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- 26 - parts which are uniformy polarized al ong thicknesses thereof,
el ectrodes 142a and 143a which are provided on single major surfaces of
t he rectangul ar -pi ezoel ectric ceramc plate parts for form ng resonance
el ectrodes, and el ectrodes 142b and 143kes -

a resonance electrode 14 (that provided on the other side is not
shown in Fig. 25).is formed on each major surface which is in
parallel with the rectangular section. Thus, the vibrator |
having a rectangulaf section may be in the form of a rectangular
parallelopiped having a thickness which is larger than the
length b of its longer side according to the present invention.
Fig. 26 is a perspective view showing a vibrator 301
according to a tenth embodiment of the present invention, which
is held by spring terminals 305 and 306. The vibrator 301
according to this embodiment is formed by a piezoelectric
ceramics member 302 in the form of a rectangular parallelopiped,
which has a rectangular section with longer sides each having a
‘length b and shorter sides each having a length a. This
piezoelectric ceramics mcmber 302 is polarized along arrow P,
i.e,..in parallel with the longer sides. "Resonance electrodes
303 and 304 are formed on a pair of opposite side surfaces of the
piezoelectric ceramics member 302 respectively. These side
surfaces are located on the shorter sides.
When an alternating voltage is applied across the resonance
~ electrodes 303 and 304, the vibrator 30! resonates in a width
expansion mode and nodal portions of the vibration linearly
appear on the side surfaces which are located on the shorter
sides. In other'w0tds, the nodal portions of vibration appear in
linear regions extending along the thickness of the

piezoelectric ceramics member 302, i.e., perpendicularly to the
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whi ch are prOV|ded on | ower surfaces thereof for serving as earth
el ectrodes. The first and second piezoel ectric resonance units 142
and 143 are excited in a wi dth expansion vibration node respectively, and
nodal points of the vibration are couptesiowth each other by a coupling
nmenber 144. In the |lower surfaces, on the other hand, the el ectrodes 142b
and 143b are electrically connected with each other by a connecting
conductive part which is formed on a | ower surface of the coupling nmenber
144. Therefore, it is possible to forma double node piezoelectric
rectangular section, in positions half the vertical positions of
the resonance electrodes 303 and 304. Thus, it is possible to
easily hold the vibrator 301 mechanically in the aforementioned
linear nodal portions with the spring terminals 305 and 306, as
shown in Fig. 286.

As clearly understood from the vibrator 301 shown in Fig.
26, it is also possible to hold the inventive vibrator with
spring terminals, dissi_milarly to the aforementioned
embodiments. Also in this case, no severe stress concentration
is caused between the vibrator 301 and the spring terminals 305
and 306 since the nodal portions of vibration linearly appear
along the thickness of the piezoelectric ceramics member 302

' according to this embodiment, and hence the wibrator 301 is
hardly cracked.

While the material for the vibrator.is prepared from
piezoelectric ceramics in each of the aforementioned
embodiments, the piezoelectric ceramics may be replaced by any
material showing the piezoelectric characteristics such as a
piezoelectric single crystal of quartz crystal, LiTaOz or LiNbOj
or a polymer showing the piezoelectricity. Further, the
piezoelectric plate may be constituted by even a semiconductor
plate or a metal plate not showing the piezoelectricity per se on
which a piezoelectric material layer is formed.

While the double mode piezoelectric filter is shown in Fig.

23, the present invention may be applied to a single mode
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filter utilizing symetrical and asymetrical nodes by enploying 'the

el ectrode 142a or 143a as an input or output electrode and the |ower

el ectrodes 142b and 143b as earth el ectrodes. - The feature of this
enbodi nent resides in enploynment of the31two piezoelectric resonance units
142 and 143, while other points thereof are simlar to those of the

pi ezoel ectric resonator 11. Nanely, outer sides of the first and second
pi ezoel ectric resonance units 142 and 143 are coupled to a rectangul ar

frame type support part 147 through support nenbers
yp pppiezgelectric gllté%. PP

Having thus described the invention by reference
to several particular embodiments, it is to be
appreciated that the described embodiments are
exemplary only and are susceptible to modification
without departure from the scope of the invention as
determined in the appended claims. For exahple
although the embodiments described above utilize the
basic wave of the width expansion mode, the same
meritorious effects can be obtained iﬁ case of using
the odd number harmonic waves such as third harmonic
wave, fifth harmonic wave or the like and thus such
harmonic wave may be used in the embodiments described

in the foregoing.
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respectively Thus, the first and second piezoel ectric resonance units 142
and 143 are arraeegﬁd Iy am opening 147a of | T

-m\ \“\‘\m““ in m\ - I lllﬂ Illll II Illl

CLAIMS:

1. A vibrator utilizing a width expansion mode having a
rectangular section Seing provided with a pair of shorter sides
and a pair of longer sides, a ratio b/a of the length of each said
longer side to that of each said shorter side being within a
range of 210 X about the following value:

b/a = n(-1.47¢ + 1.88) cee (1)
where a represents the length of ‘each said shorter side, b
represents that of each said longer side, ¢ represents the
Poisson's ratio of a material forming said vibrator, and n

represents an integer.

2. A resonator utilizing a width expansion mode, said -
resonator comprising a vibrator in accordance with claim 1
and a support member being coupled to a substantiallf central
portion of at least one of said shorter .Sides of said

vibrator.

3. A resonator in accordance with claim 2, wherein said

vibrator having a rectangular section comprises a piezoelectric

resonance part.

4. A resonator in accordance with claim 3, wherein said
piezoelectric resonance part has a piezoelectric ceramic plate
being polarized along its thickness and electrodes being formed

on both major surfaces of said piezoelectric ceramic plate.
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the rect angul ar frame ‘type support part 147. - The first " and 'second.
pi ezoel ectrie—+esonanceunits 142 and 143 and the |ike which are arranged

in the g ggﬁee 1ﬁ7a are integrally formed with the support -nerber ~147.
Nanel y, Gl éctric ceramc plate is machi ned

obtain aq mm uwm having the pl ane shape shown in ﬂlﬂ} mubmﬁum
23B. . perspective vievd3how ng a pi ezoel L a

201 according to an eighth enbodi nrent of the present invention. The
pi ezoel ectric resonator 201 according to this

5. A resonator in accordance with claim 4, further -
comprising a holding part being coupled to a side of said support

member being opposite to that coupled to said wvibrator.

6. A resonator in accordance with claim 5, further
comprising a terminal electrode being formed on said holding
part, said terminal electrode being electrically connected to an

<electrode being formed on said piezoelectric ceramic plate.

7. A resonator in accordance with any of claims 2 to 6,wherein
said support member is coupled to a substantially central
portion of each side surface of said vibrator on each said

shorter side.

8. A resonator in accordance with claim 3, wherein said
piezoelectric resonance part comprises a piezoelectric ceramic
plate being polarized in a direction perpendicular to its
thickness, and first and second electrodes being arranged on one
major surface of said piezoelectric ceramic plate at a

prescribed distance.

9. A resonator in accordance with claim 8, further
comprising a holding part being coupled to a side of said support

member being opposite to that coupled to said vibrator.

10. A resonator in accordance with claim 8, further
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enbodi nent utilizes a piezoelectric transverse_eff'ect, si i [ar’ry “to-the .o
pi ezoel €¢tri ¢ resonator Il shown in Figs. 10A and 10B. In

pi ezoel ectric resonator 201, however, a piezoelectric res Hm& E ,"
which is Tmsr‘sn&dHh eanmﬁeeeoel ectric ceranBé -plate 202 having ac

section is structure fromthat in the piezoelectric r esonat or

11. Narrely n ectric ceramc plate 202 is polarized in parallel
with its rra or surtace as shown by arrow P (see Fig. 24) Resonance

el ectrodes 204 and 205 are formeqd op an u r surf f
comprising a termina Pectrogg%eisng f%%'?nea on sald holding
part, said terminal electrode being electrically connected to an

electrode being formed on said piezoelectric ceramic plate.

ll. A resonator in accordance with any of claims 8 to 10,
wherein said support member is coupled to a éubstantiaily

central portion of each side surface of said vibrator on each
said shorter side. .

12. A resonator in accordance with claim 2, wherein said

support member and a holding part are arranged on each side of

said vibrator.

13. A resonator in accordance with claim 12, further
comprising first and second spacers being bonded to said pair of
holding parts respectively for forming rectangular storage

spaces enclosing said vibrator.

14. A resonator in accordance with claim 13, wherein said

first and second spacers and said pair of holding parts are

‘formed by a single member, whereby said vibrator is arranged in
an opening of a rectangular frame type support part having said

opening.

15. A resonator in accordance with claim 14, further

comprising:

first and second protective substrates'being stacked on
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pi ezoel e'cj'ri'C""'c"e'r"an1~c----pLa\t__,_e 202, al ong both edges 202a and 202b thereof.

O her structure of this enbodinent is substantially similar to that of the

pi 6206l ect 17 /We e cersan o e o oo R Bl
* [ L M S * -

As her ei naboy
in the directfi he resonance
28 - '

upper and lower portions of an integrated structure of sai;:l
resonator and said spacers, and

cavity forming means being provided between said holding
parts or said protect_ive substrates and said resonator for
ensuring spaces for allowing vibration of a vibrating portion of

said resonator.

16. A resonator in accordance with claim 15, wherein said

cavity forming means is a rectangular frame type member.

17. A resonator in accordance with claim 15 °F 16/being formed

as a chip-type component.

18. A vibrator in accordance with claim 1, wherein the
thickness of said vibrator having a rectangular section along a
direction perpendicular to said section is larger than the

length b of each said longer side.

19. A resonator in accordance with claim 2, wherein the
thickness of said vibrator having a rectangular section along a
direction perpendicular to said section is larger than the

length b of each said longer side.
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el ect rodes—204—and 205 wi t h-each other, whereby a resonatof— ut+—|4 zmg the_
wi dt h expansi on node excited by a pi ezoel ectric transve
provi ded upgyg; §ﬁ)e@J €5 t| of an alternating voltage acr Bl mHHI'ﬂ HH,

el ectrodes 2( lacge i n  this edsodi nent, the ratli
| ength of ea to that of each shorter side is selected in
relation simil f the enbodi nent shown in Figs. 10A and 10B.

Thus, a piezoelectric resonator utilizing a width expansion node is

20. A resonator in accordance with any of claims
2 to 17 or 19, wherein said resonance part comprises
a plurality of resonating portions, each resonating
portion being operable independently so as to provide

a multiple mode resonator.

21. A resonator in accordance with any of claims
2 to 17, 19 or 20, further éomprising damping means
associated with said resonance part for damping

vibrations leaking from said resonance body.

22. A vibrator for providing width expansion
vibration, said vibrator comprising a rectangular body
having a ratic of its longer to shorter sides being
selected such that minimum vibration occurs at the
midpoint of its shorter sides during said width

expansion vibration.

23. A vibrator or resonator substantially as
herein described with reference to Figures 1, 3 and 5A

to 26 of the accompanying drawings.
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provided simlarly to the enbodi ment shown in Figs. 10A and 10B, and thi's
pi ezoel ecyfsisheet B2 PaARRplae@N be nechanically held by holding parts 206 and

207. . perspective view showi ng a piezoelectric resonator
210 accord enbodi nent of -t®® -present invention. The
pi ezoel ect 210 according to this enbodi nent corresponds to a

nodi fi cation of the piezoelectric resonator 11 shown in Figs. 10A and 10B.
This piezoelectric resonator 210 is different fromthat shown in Figs. 10A

and 10B ABSTRACT OF THE DISCLOSURE

| Disclosed herein is a piezoelectric resonator (11)
utilizing a width expansion mode provided with a piezoelectric
resonance part (12) having a rectangular section in which a ratio
b/a of the length of each longer side to that of each shorter
side is within a range of :10 % about the following value:

b/a = n(~1.47¢ + 1.88) eee (1)

where a represents the length of each shorter side, b represents
that of each longer side, ¢ represents a Poisson's .ratio and n
represents an integer, and support members (18, 17) which are
coupled to central portions of both shorter sides of the

piezoelectric resonance part.

Figure 10A
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in a point that a piezoelectric ceramcs nenber 213 in the form of a
rectangul ar parallelopiped is enployed with a thickness which is
considerably smaller than that of the piezoelectric ceramc plate 13

enpl oyed in the piezoelectric resonator 11 shown in Figs. 10A and 10B. The
pi ezoel ectric ceram cs nenber 213 form ng a piezoelectric resonance part
212 has a rectangular sectional shape having a ratio b/a which is sel ected

inasimlar manner to that of the enbodi gent shown in Figs. 10A and 10B,
and S

FIG. 1
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a.resonance. el ectrode 14 (that provided on the other side is

- 29 -
not shown in Fig.  25) is formed on each major surface which is in
parallel with the rectangul ar section. Thus, the vibrator having a

rectangul ar section may be in the formof a rectangul ar

FIG.4 PRIOR ART
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par al | el opi ped haV|ng a thlckness which is larger than the Iength b of its
| onger ‘side according to the present invention. Fig. 26 is a

per spective view showi ng a vibrator 301 accordlng to a tenth enbodi nent of
the present invention, which is held by spring termnals 305 and 306. The
vi brator 301 according to this enbodinment is formed by a piezoelectric
ceram cs nenber 302 in the formof a rectangul ar parall el opi ped, which has
a rectangul ar section with | onger sides each having a Ilength b and shorter
si des each having a length a. This

- 3 -
FIG. 5A
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FIG. 5B
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pi ezoel ectric ceram cs nmenber 302 is polarized along arrow'P, i.e.., in
parallel with the |onger sides. Resonance el ectrodes 303 and 304 are
formed on a pair of opposite side surfaces of the piezoelectric ceramcs
menber 302 respectively. These side surfaces are |ocated on the shorter

si des. When an alternating voltage is applied across the resonance

el ectrodes 303 and 304, the vibrator 301 resonates in a width expansion
nmode and nodal portions of the vibration4inearly appear on the side .
surfaces which are |l ocated on the shorter 'sides. In other words, the nodal
portions of vibration appear in

FIG.6
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| i near regions ext endi ng along the thickness of the pi ezoel ectric ceranics-
menber 302, i.€., perpendicularly to the '

- 30 - rectangul ar section, in positions half the vertical positions of
-5 -
FIG.8
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t he resonance el ectrodes 303 and 304. Thus, it is possible to easily hold
the vibrator 301 nechanically in the aforenentioned -|linear nodal portions
with the spring termnals 305 and 306, as shown in Fig. 26.. As
clearly understood fromthe vibrator 301 shown in Fig. 25, it is also
possible to hold the inventive vibrator with spring term nals,
dissimlarly to the aforenentioned enbodinents. Also in this case, no
severe stress concentration is caused betgéen the vibrator 301 and the
spring terminals 305 and 306 since the nodal portions of vibration

| i nearly appear -

FIG. 10A
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al ong the thickness of- the piezoelectric ceram cs nenber 302 according to
this enbodi nent, and hence the vibrator 301 is - hardly cracked. VWi | e
the material for the vibrator is prepared from piezoelectric ceramcs in
each of the aforenentioned enbodinents, the piezoelectric ceramcs may be
replaced by any material show ng the piezoelectric characteristics such as
a piezoelectric single crystal of quartz crystal, LiTadJerr] or LiNo(err]
or a polymer showi ng the piezoelectricity. Further, the

-7 -
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pi ezoel ect ric plate may be constituted by even a seni conductor

netal plate not showi ng the piezoelectricity per se on which a
pi ezoel ectric material layer is forned. Wil e the doubl e node

pi ezoelectric filter is shown in Fig. 23, the present invention may be
applied to a single node ' - 31 -
-8 -
FIG. 12
7 [5
i 6

22

plate or a
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pi ezoel ectric filter. Havi ng 't hus described the invention by
reference to several particular enbodinments, it is to be appreciated
that the described enbodinents are exenplary only and are susceptible
to nodification wthout departure fromthe scope of the invention as
determ ned in the appended cl ai ns. For exanple although the enbodi nents
descri bed above utilize the basic wave of ~the wi dth expansi on node, the
sane -

42 FIG. 14
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meritorious effects can be obtained in case of using the odd nunber

har noni ¢ waves such as third harnonic wave, fifth harnonic wave or the

| i ke and thus such harnonic wave may be used in the enbodi nents descri bed
in the foregoing.

-10 -
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1. A vibrator utilizing a wi dth expansion node having a = rectangul ar

secti-on being provided with a pair of shorter sides and a pair of |onger
sides, aratio b/a of the length of each said | onger side to that of
each said shorter side being within a range of +10 % about the follow ng
val ue: . b/a = n(-1.47[err] + 1.88 (1) where a

represents the length of each said short é} Side, b

FIG. 1TA

F1G.17B
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represents that of each said longer side, [err] represents the Poi sson' s
ratio of a material formng said vibrator, and n - represents an integer.
2. Avresonator utilizing a width expansi on node, said resonat or
conprising a vibrator in accordance wth claim1l and a support nenber
bei ng coupled to a substantially central portion of at |east one of said
shorter sides of said vi brator. - B A resonator in accordance wth
claim2, wherein said vibrator having a rectangul ar section conprises a
pi ezoel ectric

FIG. 18
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resonance part. . 4. Aresonator in accordance with claim3, wherein
said piezoelectric resonance part has a piezoelectric ceramic plate being
pol ari zed along its thickness and el ectrodes being formed- on both najor

surfaces of said piezoelectric ceramc plLajg.

FIG. 19
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33 -5. A resonator in accordance with claim4, further
conprising a holding part being coupled to a Side of said support menber
bei ng opposite to that coupled to said vibrator. 6. A resonator in
accordance with claimb5, further conprising-a termnal el ectrode being
formed on said hol di ng

This is. the replacement sheet
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part, said termnal el ectrode bei ng electrically connected to an

el ectrode being fornmed on said piezoel ectric ceramc plate. 7. A
resonator in accordance with any of clains 2 to 6,wherein sai d
support-nenber is coupled to a substantially central portion of each side
surface of said vibrator on each said shorter side. 8. A

resonator in accordance with claim3, whei®i-h said piezoelectric resonance
part conprises a piezoelectric ceramc plate being polarized in a
direction perpendicular to its

F1G. 23A

141
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t hi ckness, and first and second el ectrodes being arranged on one nmajor
surface of said piezoelectric ceramic plate at a prescribed distance.

9. A resonator in accordance with claim8, further conprising a holding:-
part being coupled to a side of said support nenber being opposite to that

coupled to said vibrator. 10. A reggnator in accordance with claim
9, further

203

FIG.25
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34 conpri si ng a termnal electrode being forned on said hol ding _
part, said termnal electrode being electrically connected to el ectrode

bei ng forned on said piezoelectric ceram c plate. 11. A resonator
i n accordance with any of clains 8 to 10

-17 -
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wherein said support nenber is coupled to a substantially - cen@&g% portion
of each side surface of said vibrator on each said shorter sider £~/

12. A resonator in accerdance with claim2, wherein said supporfoﬁenber
and a holding part are arranged on each side of - said vibrator. '
-13. A resonator in accordance with claim212, further conprising first and
second spacers being bonded to said pair of holding parts respectively for
form ng rectangul ar storage - 37 - ' :

VIBRATOR, RESONATOR AND RESONANCE COMPONENT
UTILIZING WIDTH EXPANSION MODE

ABSTRACT OF THE DISCLOSURE

Disclosed herein is a piezoelectric resonator (11)
utilizing a.width expansion mode provided\with a piezoelectric
resonance part (12) having a rectangular section in which a ratio

N b/a of the length of each longer side to that of each shorter
side is within a range of 10 %X about the following value:

b/a = n{-1.47¢ + 1.88) ... (1)
where a2 represents the length of each shorter side, b represents
that of each longer side, ¢ represents a Poisson's .ratio and n
represents.an integer, and support members (16, 17) which are
coupled to central portions of both shorter sides of the

piezoelectric resonance part.
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1. A vibrator utilizing a width expansion mode having a

rectangular section being provided with a pair of shorter sides

and a pair of longer sides, a ratio b/a of the length of each said

longer side to that of each said shorter side being within a

range of £10 % about the following value:

b/a = n(-1.47¢ + 1.88) cee (1)

where a represents the length of 'each said shorter side, b

represents that of each said longer side, ¢ represents the

Poisson's ratio of a material forming said vibrator, and n

represents an integer.

2. A resonator utilizing a width expansion mode, said -

resonator comprising a vibrator in accordance with claim 1

and a support member being coupled to a substantially central

portion of at least one of said shorter sides of said

vibrator.

3. A resonator’ in accordance with claim 2, wherein said

vibrator having a rectangular section comprises a piezoelectric

resonance part.

4. A resonator in accordance with claim 3, wherein said

- piezoelectric resonance part has a piezoelectric ceramic plate

being polarized along its thickness and electrodes being formed

on both major surfaces of said piezoelectric ceramic plate.
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35 ’ .upper and | ower portions of an integrated structure of said
resonator and said spacers and — —---—-eavi-ty form ng neans being provided

ber vxe.en R ] Wi

-5.' A resonator in accordance with claim 4, further -
‘ comprising a holding part being coupled to a side of said support

member being opposite to that coupled to said vibrator.

5 6. A resonator in accordance with claim 5, further
comprising a terminal electrode being formed on said holding
part, said terminal electrode being electrically connected to an

<electrode being formed on said piezoelectric ceramic plate.

J _ 7. A resonator in accordance with any of claims 2 to 6,vherein
said support member is coupled to a substantially central

portion of each side surface of said vibrator on each said

shorter side.

Fr o k W

15 8. A resonator in accordance with claim 3, wherein said
piezoelectric resonance part comprises a piezoelectric ceramic
plz_n:e being polarized j.n a direction perpendicular to its
thickness, and first and second elect:odes being arranged on one
major surface of said piezoelectric ceramic plate at a |

~20 prescribed distance.

8. A resonator in accordance with'claim 8, further
comprising a holding part being coupled to a side of said support
member being opposite to that coupled to said vibrator.

25
10. A res_onb.tor in accordance with claim 9, further
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parts or said protective substrates and said resonator for ensuri ng
spaces for allow ng vibration of a vibrating portion of sai d resonator.
16. A resonat or—i-n-accordance wi-th claim15, wherein said cavity formng

nmeans is a rect an’iul ar frarretﬁr pe nenber. 17. A resonator in

accordance with ﬁ“ﬂﬂlﬁ““‘l eing formed as a chip-type conponent.

18. A vibrator claiml, wherein the

-

comprising a terminal electrode being formed on said holding
part, said terminal electrode being electrically connected to an

electrode being formed on said piezoelectric ceramic plate.

5 1l. A resonator in accordance with any of claims 8 to 10,
wherein said support member is coupled to a substantially

central portion of each 51de surface of said vibrator on each
said shorter side.

12. A resonator in accordance with claim 2, wherein said
10 support member and a holding part are arranged on each side of
said vibrator.'* ¥
13. A resonator in accordance with claim 12, further
comprising first and second spacers being bonded to said pair of

15 holding parts respectively for forming rectangular storage

spaces enclosing said vibrator.

. 14. A resonator in accordance with claim 13, wherein sa;_id
first and second spacers and said pair of holding parts are
20 formed by a single member, whereby said vibrator is arranged in

an opening of a rectangular frame type support part having said

opening.

15. A resonator in accordance with claim 14, further

25 comprising:

first and second protective substrates being stacked on
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t hi_ckness of sai-d—vihrator havi ng a rectangular section along a direction
perpen'dl cular to said section |sTarger than the Ilength b of each said

| onger side. “mum"“nu tor in accordance with claim2, wherein
the thickness o m‘maw ng a rectangul ar section along a _
direction perpend| cufart td said=section is larger than the -length b of :
each sald | onger si de.

upper and lower portions of an integrated structure of said
‘ resonator and said spacers, and
cavity forming means being provided between said h.olding'
parts or said protective substrates aﬁd said resonator for
5 ensuring spaces for allowing vibration of a vibrating portion of
said resonator.

16. A resonator in accordance with claim 15, wherein said
cavity forming means is a rectangular frame type member.

10

17. A resonator in accordance with claim 15 OF 16s,being formed

as a chip-~type componerit.

com ek w

18. A vibrator in accordance with claim 1, wherein the
15 thickness of said vibrator having a rectangular section along a
direction perpendicular to said section is larger than the

length b of each said longer side.

19. A resonator in accordance with claim 2, wherein the
— 20 thickness of said vibrator having a rectangular section along a
"direction perpendicular to said section is larger than the

length b of each said longer side.
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36 - ¢ 20. A resonator in accordance with any of clains 2 to 17 or,
19u.mherein sai d resonance part conprises a plurality of resonating '
portions, each resonating portion being operable independently so,as to
provide a nmultiple POde Aesesenator in accordance witg any of claims

2 to 17 or 19, wherein said resonance part comprises
a plurality of resonating portions, each resonating

portion being operable independently so as to provide

5 a multiple mode resonator.

21. A resonator in accordance with any of claims
2 to 17, 19 or 20, further comprising damping means
associated with said resonance part for damping

vibrations leaking from said resonance body.

10 22. A vibrator or resonator substantially as
herein described with reference to Figures 1, 3 and 5A to

26 of thé _a&companying dravings.
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danping vibrations |eaking fromsaid reso ,
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CLAIMS:

1. A vibrator utilizing a width expansion mode having a
" rectangular section 'being' provided with a pair of shorter sides
~and 2 pair of longer sides, a ratio b/a of the length of each said
"longer side to that of each said shorter side being within a
‘range of %10 % about the following value: .
b/a = n(-1.47¢ + 1.88) L
where 2 represeqts the length of ‘each said shorter side, b
o zfepresents that of each said longer side, ¢ represents the
) Po‘issoﬁ's ra’ti'_o': of a material forming said vibrator, and n
:epresents an integer.
2. A resonator utilizing a width expanéion mode, said
'-r".esonator .comprising a vibrator in accordance with ._clai;n 1l
'~ and a support m_émber being coupled to a substantialiy central
portion of at .fl.east one of said shorter sides of said |

':'vibrator.

3. A resonator’'in accordance with claim 2, wherein said -

- vibrator having a rectangular section comprises a piezoelectric

resonance part.

4. A resonator in accordance with claim 3, wherein said
‘piezoelectric resonance part has a piezoelectric ceramic plate
Eeing polarized along its thickness and electrodes being formed

on both major surfaces of said piezoelectric ceramic plate.
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5. A resonator in accordance with claim 4, further
comprising a holding part being coupled to a side of said support

member being opposite to that coupled to said vibrator.

6. A resonator in accordance with claim S, further
comprising a terminal electrode being formed on said holding
part, said. terminal electrode being electrically connected to an

electrode being formed on said piezoelectric ceramic plate.

7. A resonator in accordance with any of claims 2 to §,wherein
said support member is coupled to a substantiaily central

portion of each side surface of said vibrator on each said

shorter side.

8. A resonator in accordance with claim 3, wherein said
piezoelectric resonance part comprises a piezoelectric ceramic
plate being polarized ;‘.n a direction perpendicular to it;s
thickness, and first and second electrodes being arranged on one
major sur{ace of said piezocelectric ceramic plate at a

prescribed distance.

9. A resonator in accordance with'claim 8, further
comprising a holding part being coupled to a side of said support

member being opposite to that coupled to said vibrator.

10. A resonator in accordance with claim 9, further

L Wi
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34

comprising a terminal electrode being formed on said holding
part, said terminal electrode being electrically connected to

electrode being formed on said piezoelectric ceramic plate.

1l. A resonator in accordance with any of claims 8 to 10
wherein said support member is coupled to a substantially
central portlon of each szde surface of said vibrator on each

said shorter side.

12. A resconator in accordaace with claim 2, wherein said

~ support member and a holding part are arranged on each side of

said vibrator.

13. A resonator in accordance with claim 12, further
comprising first and second spacers being bonded to said pair of
holding parts respectively for forming rectangular storage

- spaces enclosing said vibrator.

. 14. A resonator in accordance with claim 13, wherein said
first and second spacers and said pair of.holding parts are
formed by a single member, whereby said vibrator is arranged in

an opening of a rectangular frame type support part having said

opening.

15. A resonator in accordance with claim 14, further

comprising:

first and second protective substrates being stacked on
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upper and lower portions of an integrated structure of said

resonator and said spacers, and

cavity forming means being provided between said holding
parts or said protective substrates and said resonator for

ensuring spaces for allowing vibration of a vibrating portion of

said resonator.

16. A resonator in accordance with claim IS, wherein said

cavity forming means is a rectangular frame type member.

17. A resonator in accordance with claim 15 ©F 18./being formed

as a chip-type component.

18. A vibrator in accordance with claim 1, wherein the
thickness of said vibrator having a rectangular section along a
direction perpendicular to said section is larger than the

length b of each said longer side.

18. A resonator in accordance with claim 2, wherein the
thickness of said vibrator having a rectangular section along a

‘"direction perpendicular to said section is larger than the

.length E of each said longer side.
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20. A resonator in accordance with any of clainms

2 to 17 or 13, wherein said resonance part comprises

a plurality of resonating portions, each resonating

portion being operabie independently so as to provide

. a multiple mode resonator.

21. A resonator in accordance with any of claims

2 o 17, 19 or 20, further comprising damping means

associated with said resonance part for damping

vibrations leaking from said resonance body.

22. A vibrator or resonator substantially as

- herein described with reference to Figures 1, 3 and 5A to

26 of thé a¥companying drawings.
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