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[57] ABSTRACT 
A generally disc-shaped ferroelectric ceramic piece is 
provided with at least one recess inwardly extending 
from the peripheral surface and is poled along the azi 
muthal direction so as to adapt the piece to torsional 
vibration. A pair of electrodes are attached to the 
principal surfaces of the piece, respectively. During 
manufacture, a pair of electrodes for poling the piece 
are attached to the face of the piece provided by the 
recess and are removed after poling. 

11 Claims, 13 Drawing Figures 
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RESONATOR FOR TORSIONAL VIBRATION 

BACKGROUND OF THE INVENTION 

This invention relates to a ferroelectric or piezoelec 
tric ceramic resonator to be put into torsional vibration 
and a method of making the same. 

Piezoelectric ceramic resonators for the longitudinal 
vibration or thickness shear vibration have been used 
as the transducers in mechanical ?lters which are 
widely in use in telecommunication apparatus. With 
such ceramic resonators, it is possible to use the elec 
trodes used to pole the ceramic pieces as the electrodes 
for excitation and vibration. This makes it possible to 
assemble a piezoelectric ceramic resonator and has 
provided a wider use thereof. 
With the progress of the telecommunication tech 

nique, it is strongly desired to reduce the dimensions of 
the mechanical ?lters and to widen the band width 
thereof. It is, however, difficult to satisfy these require 
ments with conventional piezoelectric ceramic resona 
tors. More particularly, a conventional piezoelectric 
ceramic resonator has poor electromechanical conver 
sion efficiency and a high propagation speed of sonic 
waves. The poor electromechanical conversion ef? 
ciency makes it difficult to provide the ?lter with a 
wide band width. The high propagation speed makes it 
difficult to miniaturize the piezoelectric resonator. 
Access has therefore been desired towards a piezo 

electric ceramic resonator having excellent electrome 
chanical conversion efficiency and a moderately slow 
propagation speed. This has drawn attention to piezo 
electric ceramic resonators to be used in the torsional 
mode of vibration, which satis?es, in theory, the de-,’ 
sires. It is, however, to be noted that the direction of 
the electric ?elds for poling must be varied from place 
to place, in the manner later explained with reference 
to one of the accompanying drawings, in order to man 
ufacture a piezoelectric ceramic resonator to be put in 
the torsional mode of vibration. This imposes difficul 
ties on the manner of furnishing the piezoelectric ce 
ramic piece with the electrodes for poling. An attempt 
has therefore been made to remove the difficulties as 
will be described with reference to another of the ac 
companying drawings. The attempt, however, is still in 
capable of attaining the satisfactory poling and results 
in the survival of unpoled portions and in the conse 
quent reduction of the piezoelectric activities. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide a piezoelectric ceramic resonator of the shape 
with which it is easy to provide the electrodes for poling 
the piezoelectric ceramic piece so as to adapt the piece 
to the torsional mode of vibration. 
Another object of this invention is to provide a piezo 

electric ceramic resonator of the shape with which it is 
easy to miniaturize the resonator. 

Still another object of this invention is to provide a 
piezoelectric ceramic resonator by which application 
to the piezoelectric ceramic piece of the electric ?eld 
for poling will not leave unpoled portions in the piece. 
Yet another object of this invention is to provide a 

piezoelectric ceramic resonator whichshows excellent 
piezoelectric activities. _ 
A further object of this invention is to provide a 

method of making a piezoelectric ceramic resonator of 
any of the types described. 
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2 
According to the instant invention there is provided 

a ceramic resonator comprising a ferroelectric ceramic 
piece of a generally disc shape having two parallel prin 
cipal surfaces, a cylindrical peripheral surface joining 
said principal surfaces, and a pair of electrodes at 
tached to said principal surfaces, respectively. The 
piece is poled along the paths between and substan 
tially parallel to the principal surface so as to adapt said 
resonator to the torsional mode of vibration. The im 
provement comprises at least one recess inwardly ex 
tending from said peripheral surface into the body of 
said disc, the face of said piece provided by said recess 
being substantially perpendicular to said principal sur 
faces. 
According to this invention there is also provided a 

method of making a ceramic resonator comprising the 
steps of forming a ferroelectric ceramic piece of a gen 
erally disc shape having two parallel principal surfaces 
and a cylindrical peripheral surface joining said princi 
pal surfaces, providing at least a pair of ?rst electrodes 
to said piece, applying an electric ?eld between said 
pair of said ?rst electrodes to pole said piece and adapt 
said piece to the torsional mode of vibration whereby 
its principal surfaces move in opposite directions, re 
moving said ?rst electrodes, and then attaching a pair 
of second electrodes to said principal surfaces, respec 
tively, characterized in that said piece is formed at least 
one recess inwardly extending from said peripheral sur 
face into the body of said disc, the face of said piece 
provided by said recess being substantially perpendicu 
lar to said principal surfaces, and that said ?rst elec 
trodes are attached to said face of said piece provided 
by said recess so as to allow application of said electric 
?eld. _ 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a piezoelectric ce 
ramic piece which illustrates the principles of the pres— 
ent invention; 
FIG. 2 is a perspective view of a piezoelectric ce 

ramic piece produced during the manufacture of a con~ 
ventional piezoelectric ceramic resonator adapted to 
the torsional mode of vibration; 
FIG. 3 is a perspective view of a first example of a pi 

ezoelectric ceramic piece for use in an embodiment of 
this invention; 
FIG. 4 is a perspective view of an embodiment of this 

invention; 
FIG. 5 is a perspective view of a second example of 

a piezoelectric ceramic piece; 
FIG. 6 is a plan view of a third example of a piezo 

electric ceramic piece; 
FIG. 7 is a perspective view of a fourth example of a 

piezoelectric ceramic piece; 
FIG. 8 is a perspective view of a ?fth example of a pi 

ezoelectric ceramic piece; 
FIG. 9 is a perspective view of a sixth example of a 

piezoelectric ceramic piece; 
FIG. 10 is a perspective view of a seventh example of 

a piezoelectric ceramic piece; 
FIG. 11 is a perspective view of an eighth example of 

a piezoelectric ceramic piece; 
FIG. 12a is a plan view of a mechanical ?lter com 

prising an embodiment of this invention; and 
FIG. 12b is an elevational view of the mechanical ?l 

ter. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIG. 1, it is necessary in order to provide 
a piezoelectric ceramic piece 20 adapted to the tor~ 
sional mode of vibration to subject the piece 20 to an 
electric ?eld 21 whose direction varies along the azi 
muth of the piece 20. It has, however, been impossible 
to realize this ideal distribution of the ?eld 21. 
Referring to FIG. 2, a conventional method of mak 

ing a piezoelectric ceramic resonator adapted to the 
torsional mode of vibration comprises the steps of pro 
viding a piezoelectric ceramic piece 20 having a bore 
22 at the center, providing a plurality of electrodes 23 
on both principal surfaces of the piece 20 in the man 
ner depicted in the drawing, and applying an electric 
?eld 21 between each pair of the neighbouring elec 
trodes, such as 23, and 232, for poling the piece 20. 
This method not only leaves unpoled portions at the 
sections where the electrodes 23 are attached to the 
principal surfaces but also restricts the poled portions 
to the adjacencies of the principal surfaces. This fur 
ther gives rise, on exciting the piezoelectric torsional 
vibration, to unwanted additional load and to the con 
sequent reduction in the piezoelectric activities. 
Referring to FIG. 3, a ?rst example of the piezoelec 

tric ceramic piece 20 of a generally disc shape for use 
in an embodiment of the instant invention has two sub 
stantially parallel principal surfaces and a substantially 
circular cylindrical peripheral surface joining the prin 
cipal surfaces. The piece 20 further has a recess 26 ex 
tending inwardly from the peripheral surface into the 
body of the disc. The face 27 of the piece 20 provided 
by the recess 26 is substantially perpendicular to the 
principal surfaces. The recess 26 is generally V~shaped 
so that the face 27 is divided into two face portions 27, 
and 272, each forming a selected angle with a radius of 
the disc. During manufacture, a pair of electrodes 23, 
and 232 are attached to the face portions 27, and 272, 
respectively. An electric potential is applied between 
the electrodes 23, and 232, which produces an electric 
?eld 21 in the piece 20 varying along the azimuthal di 
rection for poling the piece 20 in the known manner so 
as to adapt the piece 20 to the torsional mode of vibra 
tion. Thus, the piece 20 is poled along paths between 
and substantially parallel to its principal surfaces. Sub 
sequently, the electrodes 23, and 232 are removed. 
Referring to FIG. 4, an embodiment of this invention 

comprises a piezoelectric ceramic piece 20 manufac 
tured either in the manner described above with refer 
ence to FIG. 1 or in the manner to be later described 
with reference to any one of FIGS. 5 through 1 l. A pair 
of metal pieces 31 and 32 are attached to the principal 
surfaces of the piece 20, respectively, to complete a 
resonator of the Langevin type. These metal pieces 31 
and 32 may be ?xed to the piece 20 by means of an 
electroconductive binding agent and used as the elec 
trodes for exciting the desired torsional vibration. 
Referring to FIG. 5, a second example of the piezo 

electric ceramic piece 20 has a shape similar to that of 
the ?rst example but has a generally cylindrical bore 22 
substantially at the center of the piece 20, in substan 
tially concentric relation to the peripheral surface and 
in communicating relation to the recess 26. The face 27 
of the piece 20 is thus divided into two face portions 
27, and 27,. The electrodes 23, and 23, are attached 
preferably to the whole face portions 27, and 27,, re 
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4 
spectively. Also preferably, the face portions 27, and 
272 are substantially planes respectively, and the largest 
distance d between such two face portions 27, and 272 
is not greater than 0.9 times the diameter of the periph 
eral surface. The smallest distance between these two 
face portions 27, and 272 may be zero. In other words, 
the central bore 22 need not necessarily be in commu 
nicating relation to the recess 26. It is, however, to be 
noted that the communicating relation facilitates the 
application and removal of the electrodes 23, and 232 
to and from the ceramic piece 20. Furthermore, the 
central bore 22 and the recess 26 may be of con?gura 
tion such that the bore 22 has the shape of a semicircle 
and the recess 26 has the shape of a triangle that has 
a base coincident with the circle-dividing diameter and 
is truncated by the circle of the peripheral surface. 
Referring further to FIG. 5, it has been con?rmed by 

a series of experiments carried out with piezoelectric 
ceramic resonators, each comprising a piezoelectric ce~ 
ramic piece 20 described above with reference to FIG. 
5, that the best results are obtained when the diameter 
of the central bore 22 is within a range between 0.2 
through 0.9 times that of the peripheral surface. 
Referring to FIG. 6, a third example of the piezoelec 

tric ceramic piece 20 is a variation of the second exam 
ple and has a central bore 22 and a communicating re 
cess 26 bounded by a pair of substantially parallel plane 
face portions 27, and 272. The electrodes 23, and 232 
for poling are attached to the face portions 27, and 272 
and subsequently removed after poling. The piece is 
thus poled along paths that are arcuate and concentric 
with respect to the peripheral cylindrical surface of the 
disc. The diameters a and b of the peripheral surface 
and the bore 22 and the distance d of the face portions 
27, and 272 will be referred to later. 
Referring to FIG. 7, a fourth example of the piezo 

electric ceramic piece 20 has three recesses 27A, 27B, 
and 27C. The faces 27A, 27B, and 27C provided by the 
respective recesses 26A, 26B, and 26C are substan 
tially perpendicular to the respective radii 41, 42, and 
43 of the disc which substantially trisect the disc. A pair 
of electrodes 23, and 232 is attached to one of the faces 
27A at a portion offset to left in the drawing and to an 
adjacent face 278 at a portion reversely offset to right 
in the drawing respectively. In this manner, three pairs 
of electrodes 23 are attached to the piece 20 for pro 
duction of the electric ?elds 21 for poling the piece 20 
in the desired manner along paths that are cordal with 
respect to the cylinder de?ned by the peripheral sur 
face of the disc. 
, Referring to FIG. 8, a ?fth example of the piezoelec 

tric ceramic piece 20 is similar to the fourth example 
but has a central bore 22. 

Referring to FIG. 9, a sixth example of the piezoelec 
tric ceramic piece 20 is similar to the ?fth example but 
has a further recess 46 inwardly extending from each 
of the faces 27A, 27B, and 27C into the body of the 
disc, starting in the vicinity ofa line which is perpendic 
ular t0 the principal surfaces and substantially bisects 
the area of one face 27A, 278, or 27C. The further re 
cesses 46 serve to de?ne the offset portions of the faces 
27A, 27B, and 27C, respectively. 
Referring to FIG. 10, a seventh example of the piezo 

electric ceramic piece 20 has four recesses 26A, 26B, 
26C, and 26D. The faces 27A, 27B, 27C, and 27D pro 
vided by the recesses 26A, 26B, 26C, and 26D, respec 
tively, are substantially perpendicular to the respective 
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radii 51, 52, 53, and 54 of the disc which are in substan 
tially quadrature relation to one another. Four pairs of 
electrodes 23 are attached to the piece 20 for poling 
the piece 20 in a manner similar to the electrodes 23 
of the fourth and the ?fth examples. 
Referring to FIG. 1 1, an eighth example of the piezo 

electric ceramic piece 20 is similar to the seventh ex 
ample but has a further recess 46 inwardly extending 
from each of the faces 27A, 27B, 27C, and 27D like the 
sixth example. 

EXAMPLES 

Lead zirconate-titanate ceramic pieces 20 of disc 
shape, 5 mm in diameter and 1 mm in thickness, and 
of annular disc shape having a central bore 22 of 1.23 
mm in diameter, were provided. The electromechan 
ical coupling coefficient K, under the radial mode of 
vibration was 42 percent, and the mechanical quality 
factor Q," under the same condition was 1,500. Each 
piece 20 was provided with at least one recess 26 in the 
manner illustrated with reference to FIG. 3 and FIGS. 
5 through 1 1. As is known in the art of the piezoelectric 
ceramic materials, the piece 20 may be made directly 
into either the disc shape or the annular shape having 
at least one recess 26. At least one pair of ?rst, silver 
electrodes 23 for poling the piece 20 was attached to 
the face or faces 27 provided by the (at least one) re 
cess 26. Poling was carried out under a D.C. electric 
?eld 21 between 2 and 3 kV/mm at a temperature of 
100°C for 30 minutes. Subsequently, the ?rst elec 
trodes 23 were removed. So prepared piece 20 was 
placed between a pair of second electrodes 31 and 32 
for exciting the vibration. The second electrodes 31 
and 32 or the metal pieces 31 and 32 may be 5 mm in 
diameter and 7 mm in length and made of an iron 
nickel-chromium alloy called “Elinvar.” 

TABLE 1 

Mech. 
Shape of Resonant Capacitance Quality 
Piece 20 Freq. F0 Ratio r Factor 0,. 

(kHz) 
FIG. 5 77.87 18 570 
FIG. 7 72.50 29 220 
‘FIG. 9 67.51 19 170 
FIG. 11 72.66 32 230 

Table 1 shows the results obtained for thus manufac 
tured piezoelectric ceramic resonators for the resonant 
frequencies F0, the capacitance ratios r, and the me 
chanical quality factors Qm. From Table 1, it is obvious 
that the piecoelectric ceramic resonators have moder 
ately low resonant frequencies F0, which is due to the 
fact that the torsional vibration has a relatively low 
propagation speed for sonic waves. It is also clear that 
the capacitance ratios r are sufficiently small and con 
sequently that the piezoelectric activities are much im 
proved. Furthermore, it is apparent that the piezoelec 
tric ceramic resonator including the piezoelectric ce 
vramic piece 20 of the shape depicted in FIG. 5 exhibits 
a remarkably high mechanical quality factor 0,". 

TABLE 2 

Mech. 
Resonant Capacitance Quality 

1; b Freq. F0 Ratio r-_,, Factor 0," 
(kHz) ' ' 

4 2 106.72 25 840 
5 2 108.20 24 870 
7 2 108.47 22 810 
7 3 108.02 26 1050 
7 4 105.23 23 830 
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Of a piezoelectric ceramic materiai whose electrome 
chanical coupling coef?cient K, and mechanical qual 
ity factor Q," in the radial mode were 64 percent and 
900, respectively, piezoelectric ceramic pieces 20 were 
made into the con?guration shown in FIG. 6. Table 2 
shows the resonant frequencies F0, the capacitance ra 
tios r, and the mechanical quality factors 0,, for the 
torsional vibration. The pieces 20 were 1 mm thick. 
The distance d between the parallel plane surfaces was 
1.2 mm. Examples of the diameter of the piece a and 
the bore b are given in Table 2. The lengths of a pair 
of “Elinvar” pieces 31 and 32 were 6.4 mm and 4.0 
mm, respectively. 

Referring to FIGS. 12a and 12b, a mechanical ?lter 
includes a pair of transducers 61, each having the pi 
ezoelectric ceramic piece 20, and a plurality of metal 
pieces 62. The transducers 61 and the metal pieces 62 
are welded to a pair of supporting rods 63 and to sev 
eral coupling rods 64. 

It will be obvious to those skilled in the art that the 
embodiment described above is meant to be merely ex 
emplary and that the speci?c structure of the apparatus 
and steps of the method are susceptible of modi?cation 
and variation without departing from the spirit and 
scope of the invention. Therefore, the invention is not 
deemed to be limited except as defined by the ap 
pended claims. 
What is claimed is: 
l. A ceramic resonator comprising a ferro-electric 

ceramic piece that is generally disc shaped having two 
parallel principal surfaces, a cylindrical peripheral sur 
face joining said principal surfaces, and a pair of elec 
trodes attached to said principal surfaces, respectively, 
said piece being poled along paths between and sub 
stantially parallel to said principal surfaces so as to 
adapt said resonator to the torsional mode of vibration 
with its principal surfaces moving in opposite direc 
tions, wherein the improvement comprises at least one 
recess extending inwardly from the circle de?ned by 
said peripheral surface, the face of said piece formed 
by said recess being substantially perpendicular to said 
principal surfaces. 

2. A resonator as set forth in claim 1, wherein there 
is only one recess and said face of said piece provided 
by said recess comprises two face portions, each por 
tion forming a plane, said paths along which said piece 
is poled being arcuate and concentric with said periph 
eral surface. I 

3. A resonator as set forth in claim I, wherein the 
greatest distance between said two face portions is not 
more than 0.9 times the diameter of said peripheral sur 
face. 

4. A resonator as set forth in, claim 2, wherein said 
two face portions form a pair of substantially parallel 
planes, the distance between said planes, and the diam 
eter of the piece being in the proportions 1.2, 2.0 and 
not more than 7.0, respectively. 

5. A resonator as set forth in claim 1, wherein said re 
cesses are three in number and each face of said piece 
which forms a recess is substantially perpendicular to 
one of three radii of said disc, said three radii trisecting 
said disc and said paths along which said piece is poled 
being cordal with respect to the cylinder de?ned by 
said peripheral surface. - 

6. A resonator as set forth in claim 5, wherein a fur 
ther recess extends inwardly from each of said faces of 
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said piece starting in the vicinity of a line which is per 
pendicular to said principal surfaces and which sub 
stantially bisects the area of one of said faces. 

7. A resonator as set forth in claim 1, wherein said re 
cesses are four in number and said faces of said piece 
formed by the respective recesses are substantially per 
pendicular to four radii of said disc which are in quad 
rature relation to one another. 

8. A resonator as set forth in claim 7, wherein a fur 
ther recess extends inwardly from each of said four 
faces of said piece starting in the vicinity of a line which 
is perpendicular to a principal surface and which sub 
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8 
stantially bisects the area of one of said faces. 

9. The resonator as set forth in claim 2, wherein each 
face portion forms an angle of 0° to 90° with an inter 

secting radius of said disc. - 
10. The resonator as set forth in claim 1, further com 

prising a substantially cylindrical bore centrally dis 
posed in said disc. said recess extending into said bore. 

11. A resonator as set forth in claim 10, wherein the 

diameter of said bore is within a range between 0.2 and 
0.9 times the diameter of said peripheral surface. 

* * * * * 


