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Description

[0001] The invention relates to a method of manufac-
turing an ultrasound transducer, which method includes
a step of forming a plate which is shaped as a disc of a
composite piezoelectric material into a hollow spherical
cap.

[0002] Ultrasound transducers are used notably in the
medical field. There are numerous applications for such
transducers.

[0003] There are ultrasound transducers which oper-
ate with low powers, that is, of the order of a few hun-
dreds of milliwatts for imaging, as well as so-called ul-
trasound power transducers which are capable, for ex-
ample, of destroying tumors within the human body by
raising the temperature; such transducers are powered
by currents of the order of from one watt to some hun-
dreds of watts.

[0004] Generally speaking, ultrasound transducers
enable a given quantity of energy to be focused in a
small zone which is referred to as the focal spot which
has the shape of an ellipsoid. The focal spot corre-
sponds to the zone of convergence of the ultrasonic ra-
diation produced by the transducer. Generally speaking,
the radiation propagates in a direction normal to the sur-
face whereto it is applied. The radiation together forms
a so-termed ultrasound beam. Thus, the ultrasound
beam is generally oriented in the direction which corre-
sponds to the symmetry axis of the spherical cap. Each
transducer has a focal distance which corresponds to
the distance between the focal spot and the apex of the
spherical cap of the transducer. The focal distance of a
transducer is determined in principle by its geometry,
thatis, notably by the radius of curvature of the spherical
cap. Thus, with each specific geometry of the transducer
there is associated a given focal distance which is re-
ferred to as the geometrical focal distance of the trans-
ducer. The shape of the focal spot is more elongate in
the direction of the major axis of the ellipsoid as the focal
distance is larger.

[0005] The ultrasound transducers are made of a pi-
ezoelectric material, that is, a material which is de-
formed when subjected to electric current pulses. The
deformations of the material produce radiation in the
range of ultrasound vibrations, which radiation propa-
gates in water or liquids and converges towards the fo-
cal spotin which it causes notably a rise of temperature.
In the case of ultrasound power transducers this rise in
temperature suffices to burn tissue of the human body,
notably tumors which may be malignant or non-malig-
nant.

[0006] In order to optimize the treatment, it is impor-
tant that the focal distance of the transducer used is
short. Indeed, this enables the dimensions of the focal
spot to be reduced, thus enhancing the precision of the
treatment. On the other hand, when a tumor is situated
at a small distance from the external surface of the skin
of the patient, the transducer can then be arranged in
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the vicinity of the external surface of the skin. This vol-
ume of the device is thus reduced and the coupling be-
tween the transducer and the skin facilitated, thus opti-
mizing the penetration of the energy into the body of the
patient. The focal distance can be varied slightly by
means of an electronic device which enables dephasing
of the vibrations for given zones of the transducer so as
to increase or decrease the focal distance of the trans-
ducer in relation to its geometrical focal distance. Vari-
ation of the focal distance enables displacement of the
focal spot in order to enlarge the zone of treatment, that
is, without displacement of the transducer. The thick-
ness of the spherical cap determines the frequency of
the ultrasound radiation.

[0007] A method of realizing a transducer in the form
of a spherical cap is already known from the publication
"Feasibility of Using Ultrasound Phased Arrays for MRI
Monitored Non-Invasive Surgery" by Kullervo HY-
NYNEN et al., in [IEEE Transactions on Ultrasonics, Fer-
roelectrics, and Frequency Control, vol. 43, No. 6, No-
vember 1996. This method utilizes a solid piezoelectric
material in which a spherical cap of the desired dimen-
sions is formed, notably a cap having the radius and
thickness desired so as to obtain a given geometrical
focal distance and radiation frequency. Subsequently,
each spherical surface of the cap is covered with an
electrode. When fed with an electric current, the elec-
trodes enable the piezoelectric material to vibrate. Such
a method is very expensive, because it requires a large
quantity of piezoelectric material as well as exact ma-
chining operations. Moreover, the electronic device can-
not be adapted so as to induce the dephasing of vibra-
tions for given zones, so that the possibility of changing
the focal distance of the transducer is lost.

[0008] Itis also known to utilize composite piezoelec-
tric materials which consist of a material which is formed
by small elements of a piezoelectric material which are
embedded in a matrix of an insulating material such as
a polymer material. A disc of composite piezoelectric
material is then formed, each surface of said disc being
covered with an electrode which is realized by metalli-
zation in vacuum. When fed with an electric current, the
electrodes enable the piezoelectric material to vibrate.
The electrode on the rear surface of the disc consists of
the juxtaposition of rings of a conductive material which
are realized by photoengraving and chemical etching.
The disc is thermodeformable because it consists of the
polymer material. Thus, a hollow spherical cap is formed
by deforming the disc under the influence of heat; this
results in a shape having the desired radius of curvature.
[0009] However, the formation of the disc into a hollow
spherical cap induces large mechanical stresses in the
composite piezoelectric material, which stresses are
larger as the radius of curvature of the ultrasound trans-
ducer is smaller.

[0010] During the operation of the transducer, the vi-
bration at very high frequencies (of the order of from one
to several MHz) of the piezoelectric elements also caus-
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es mechanical stresses inside the material.

[0011] The sum of the mechanical stresses must re-
main below the rupture strength limit of the composite
piezoelectric material during use of the ultrasound trans-
ducer.

[0012] Thus, a method of this kind has its limitations
when an ultrasound transducer having a small radius of
curvature is to be realized. Indeed, for operation of an
ultrasound transducer of a diameter of 100 mm and a
thickness of approximately 1 mm at 1.5 MHz, the mini-
mum radius of curvature which can be realized is of the
order of 130 mm.

[0013] Inorder to solve these problems, the invention
proposes a method of manufacturing an ultrasound
transducer which includes a step of forming a plate
which is shaped as a disc of a composite piezoelectric
material into a hollow spherical cap as claimed in claim
1.

[0014] The invention also proposes an ultrasound
transducer which is shaped as a hollow spherical cap
manufactured by means of the above method.

[0015] The characteristics and advantages of the in-
vention will be described in detail hereinafter with refer-
ence to the attached diagrammatic drawings; therein:

Fig. 1 is a perspective view of a disc of a composite
piezoelectric material;

Fig. 2 is a partial radial cross-sectional view at an
enlarged scale and in perspective of the disc shown
in the foregoing Figure;

Fig. 3 is a sectional view of the device for forming
the disc into a hollow spherical cap, realized in con-
formity with the present state of the art;

Fig. 4 is a perspective view of an ultrasound trans-
ducer realized by means of a method according to
the present state of the art;

Fig. 5 is a partial sectional view at an increased
scale, taken along the line 5-5 in the foregoing Fig-
ure;

Fig. 6 is a diagrammatic front view of a disc of a
composite piezoelectric material after a step of cut-
ting radial orientation slits in accordance with the
invention;

Figs. 7 and 8 are views similar to those of the fore-
going Figure in which the slits are realized in con-
formity with alternative versions of the invention;
Fig. 9 is a perspective diagrammatic view of a disc
of a composite piezoelectric material after a step of
cutting radial orientation slits which extend as far as
the center of the disc so as to separate itinto several
distinct portions;

Fig. 10 is a perspective diagrammatic view of a hol-
low spherical cap realized by means of the method
in accordance with the invention;

Fig. 11 is a diagrammatic view which shows an ul-
trasound transducer realized by means of the meth-
od of the invention;

Fig. 12 is a partial sectional view at an increased
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scale, taken along the line 12-12 in the foregoing
Figure.

[0016] Elements which are identical or similar will be
denoted by the same reference numerals hereinafter.
[0017] Fig. 1 shows a disc 20 of a composite piezoe-
lectric material. A material of this kind is formed by pie-
zoelectric elements 22 which are shown in detail in Fig.
2 and are embedded in a material 24 which is electrically
insulating such as epoxy resin. In the present example,
the diameter and the thickness of the disc 20 are of the
order of 120 mm and 2 mm, respectively. The piezoe-
lectric elements 22 extend through the disc 20 in the ax-
ial direction and have a substantially square transverse
cross-section whose sides amount to approximately
100 micrometers. They are regularly distributed in the
material 24. Each of the two faces of the disc 20 is pro-
vided with an electrode 42, 44 which is realized by
means of a known method as described above.

[0018] A hollow spherical cap 26 is realized by defor-
mation of the disc 20. To this end; the disc 20 and its
electrodes 42, 44 is arranged, as shown in Fig. 3, be-
tween two dies, that is, a lower die 30 and an upper die
32, of a forming device 28. The facing surfaces 34 and
36 of the lower die 30 and the upper die 32 define the
spherical shape of the concave surface 38 and the con-
vex surface 40 of the spherical cap 26. Thus, when the
disc 20 is arranged between the two dies 30 and 32, the
disc 20 is formed into a spherical cap 26 by bringing
these two dies together in the axial direction.

[0019] The electrode 42, being deposited on the en-
tire concave surface 38, is connected, by way of a con-
ductive element 46, to the positive terminal of a current
generator 48. The electrode 44, provided on the convex
surface 40, in this case consists of the juxtaposition of
rings of a conductive material, two of which are denoted
by the reference numerals 50 and 52. In practice the
electrode 44 is formed, for example, by fourteen rings.
The rings 50, 52 are separated from one another by a
hollow ring 54 which is shown in detail in Fig. 5. The ring
54 in an alternative version may be filled with an elec-
trically insulating material, such as polyurethane var-
nish, in order to provide electrical insulation between the
rings 50 and 52. Each ring 50, 52 is connected to the
current generator via conductive elements 56 and 58 as
shown in Fig. 4. The device thus realized forms an ul-
trasound transducer 60.

[0020] During the operation of the ultrasound trans-
ducer 60, the current generator 48 feeds the rings 50
and 52, causing vibration of the piezoelectric elements
22 with which they are in contact. When all rings of the
electrode 44 are fed with a current of the same phase
and amplitude, the focal spot is situated at the geomet-
rical focal distance of the ultrasound transducer 60.
[0021] The current generator 48 may also supply the
conductive elements 56 and 58 with currents of different
phase and amplitude. This enables notably variation of
the focal distance of the focal spot.
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[0022] A device of this kind enables the realization of
ultrasound transducers 60 with a large radius of curva-
ture. Thus, it enables the realization of transducers
which have a large focal distance.

[0023] However, such a method is inadequate when
smaller geometrical focal distances are desired so as to
treat tumors situated at a small distance from the sur-
face of the skin of the patient and to enhance the preci-
sion of treatment.

[0024] Actually, in order to reduce the focal distance
it is necessary to reduce the radius of curvature of the
ultrasound transducer 60. However, the step of forming
the disc 20 into a spherical cap 26 induces large stress-
es inside the composite piezoelectric material. For a giv-
en diameter of the transducer 60, the stresses are high-
er as the radius of curvature is smaller. This phenome-
non is due to the greater deformation of the disc 20 of
the composite piezoelectric material.

[0025] Actually, a first disc of a predetermined diam-
eter is necessary so as to obtain a first spherical cap of
a first diameter and a first radius of curvature. Similarly,
in order to obtain a second spherical cap of a second
diameter which is equal to the first diameter and a sec-
ond radius of curvature which is larger than the first ra-
dius of curvature, it is necessary to form a second disc
of the composite piezoelectric material which has a di-
ameter larger than the predetermined diameter.

[0026] During the formation of the spherical cap, the
peripheral length of the disc is reduced. The reduction
of the peripheral length of the second disc is greater than
the reduction of the peripheral length of the first disc.
Consequently, the formation of the second spherical cap
induces stresses, notably compressive stresses, which
are greater than those introduced by the formation of
the first spherical cap. When the radius of curvature of
the spherical cap 26 is reduced below a predetermined
value, which may be dependent on the diameter of the
cap 26 and on its thickness, the stresses induced in the
composite piezoelectric material of the cap 26 are too
large and are liable to cause a rupture or malfunctioning
of the transducer 60.

[0027] Actually, the sum of the stresses induced by
the forming operation and the stresses produced by vi-
bration of the piezoelectric elements 22 may cause fis-
sures in the composite piezoelectric material, which fis-
sures cause malfunctioning and/or rupture of the trans-
ducer 60. The sum of the stresses induced and the
stresses produced by vibration of the piezoelectric ele-
ments 22 may also cause deformations of the spherical
cap 26 which may lead to malfunctioning of the trans-
ducer 60.

[0028] In order to solve this problem, in accordance
with the invention the step of forming the disc 20 of the
composite piezoelectric material into a spherical cap 26
during the manufacture of the ultrasound transducer 60
is preceded by a cutting step which consists in the for-
mation of at least one slit 70 which has a radial orienta-
tion and extends from the peripheral edge 72 of the disc
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20 towards its center C in such a manner that, after the
step of forming, the two oppositely situated, facing free
edges 74, 76 which bound the slit 70 are substantially
in contact with one another so as to minimize the internal
stresses in the cap 26 which are caused notably by its
deformation.

[0029] The Figs. 6 to 8 show discs 20 of a composite
piezoelectric material in which a number of slits 70
greater than one has been formed. In the example
shown in the Figs. 6 to 8, four slits 70 have been formed
in conformity with three versions of the invention.
[0030] Theslits 70 are preferably angularly distributed
in a regular fashion so that they define substantially
identical angular sectors 78. The slits 70 extend radially
partly along radii of the disc 20. This enables a strong
reduction of the stresses induced in the cap 26, howev-
er, while keeping the disc 20 in one piece, thus facilitat-
ing its positioning and retention in the forming device 28.
[0031] Inconformity with Fig. 6 the oppositely situated
free edges 74, 76 extend parallel to one another. They
may be situated a few millimeters apart. Thus, the slits
70 of the discs 20 can be realized in the form of a saw
cut whose thickness corresponds to the distance sepa-
rating the free edges 74, 76.

[0032] In conformity with the version which is shown
in Fig. 7, the oppositely situated, facing free edges 74,
76 have a radial orientation such that the corresponding
slits 70 form a V whose apex is oriented towards the
center C of the disc 20. The slits 70 can be realized by
cutting by means of a water jet or by means of a wire
saw, for example, a diamond type.

[0033] In accordance with Fig. 8, the oppositely situ-
ated free edges 74, 76 are curved and convex, their con-
vexity being opposed. The exact shape of the oppositely
situated free edges 74, 76 can be determined with pre-
cision by calculation on the basis of equations which are
representative of the deformation of the disc 20 into a
hollow spherical cap by way of approximative methods
which consist notably in the determination of the width
of the slits 70 for each specific diameter of the disc 20.
[0034] In conformity with a further version as shown
in Fig. 9, the slits 70 extend radially as far as the center
C of the disc 20 in such a manner that the angular sec-
tors 78 are separated. This enables a further reduction
of the internal stresses in the cap 26 which are caused
by its deformation. In the example of Fig. 9, angular sec-
tors 78 are separated into four distinct portions.

[0035] The free edges 74, 76 approach one another
during the step of forming. The deformations also occur
in the zones situated in the vicinity of the recessed radial
end of the slits 70, that is, in such a manner that the cap
26 does not comprise any opening. In this stage various
solutions are feasible.

[0036] The first solution consists in bringing the free
edges 74, 76 into contact with one another. Upon cool-
ing, the composite piezoelectric material hardens, thus
forming the hollow spherical cap 26 and fixing its dimen-
sions.
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[0037] Another solution is to inject an adhesive into
the space between the free edges 74, 76. The adhesive
thus makes it possible to keep the free edges 74, 76
together and to solidify the hollow spherical cap 26
formed. Hardening of the composite piezoelectric ma-
terial and curing of the adhesive prevent shifting of an
angular sector 78 relative to the adjoining angular sec-
tors 78.

[0038] Fig. 10is a perspective view of a hollow spher-
ical cap 26 realized by way of the method in accordance
with the invention. In conformity with the method used,
the electrode 44 may be formed by closed rings 50, 52
or by rings 50, 52 which have been cut into several an-
gular sectors (in this case four sectors) which corre-
spond to the angular sectors 78. Indeed, as the elec-
trode 44 is realized on the plate 20 before the formation
of the cap 26, the cutting of the slits 70 implies cutting
of the rings 50 and 52, thus forming ring sectors 50a,
52a, 50b, 52b, 50c, .... After the formation of the cap 26,
the free ends of the ring sectors 50a, 52a ... are no long-
er in contact with the free ends of the adjoining ring sec-
tors.

[0039] This enables the realization of two types of ul-
trasonic transducer.

[0040] The realization of the first type of ultrasonic
transducer 60 consists in electrically connecting the free
ends of the ring sectors to the free ends of the facing
ring sectors 50a, 52a ... in such a manner that electrical
continuity is ensured for each ring 50, 52. Thus, each
ring 50, 52 of a conductive material can be connected
to a current generator 48 via a conductive element 56,
58, respectively, each of which is fed with a current of
different phase and/or amplitude. When the phase and/
or the amplitude of the current applied to the various
rings 50, 52 by the generator 48 differs, the focal dis-
tance of the ultrasound transducer 60 is modified.
[0041] The realization of the second type of ultra-
sound transducer 60, as shown in Fig. 11, consists in
ensuring that the free ends of the ring sectors 50a,
52a ... are not in contact with the free ends of the facing
ring sectors 50b, 52b .... To this end, it is advantageous
when the adhesive injected into the slits 70 so as to en-
hance the rigidity of the spherical cap 26 is an electrically
insulating adhesive. Each ring 50, 52 is thus formed by
four ring sectors 50a, 52a ... which are electrically insu-
lated from one another by a band of adhesive 80 which
is shown in detail in Fig. 12. In this case each ring sector
50a, 52a ... is connected to the current generator via an
associated conductive element 56a, 58a, 56b, .... The
generator 48 can supply each ring sector 50a, 52a, ...
with a current of different phase and/or amplitude.
[0042] Application of the current difference between
the rings 50, 52 thus enables variation of the focal dis-
tance of the transducer 60. When the current difference
is applied between each ring sector 50a, 52a, ..., that is,
when all ring sectors 50a, 52a situated in an angular
sector 78 are fed with identical currents and when the
ring sectors situated in the individual angular sectors 78
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are different, the orientation of the ultrasound beam can
be changed. Thus, the focal spot can be displaced with-
out changing the position and the orientation of the
transducer 60.

[0043] Inaccordance with Fig. 11, the part of the elec-
trode 44 which is situated at the apex of the cap 26 may
be a disc 82 of an electrically conductive material which
is fed via a conductive element 84. The realization of the
electrode 44 of the transducer 60 can thus be simplified.
[0044] In conformity with a preferred embodiment, for
example, for an ultrasound transducer of a diameter of
80 mm, a radius of curvature of 60 mm and a thickness
of 1 mm, the spherical cap 26 is realized on the basis of
a disc which has a diameter of approximately 85 mm
and is provided with eight radial slits 70 which are an-
gularly distributed in a regular fashion. The electrode
which is situated on the convex surface of such an ul-
trasound transducer then comprises 14 rings of a con-
ductive material. Each ring is divided into eight angular
sectors. In this case the width of each slit 70 at the area
of the peripheral edge 72 is of the order of 2.4 mm. A
transducer of this kind can be used as an ultrasound
transducer of a power of approximately 200 watts, for
example, for the treatment of tumors situated near the
skin of the patient, for example, breast tumors. It is to
be noted that when use is made of a disc comprising
eight radial slits 70, the distribution of the deformation
during the formation of the spherical cap 26 will be bet-
ter, that is, in comparison with a disc comprising only
four radial slits 70.

Claims

1. A method of manufacturing an ultrasound transduc-
er (60), which method includes a step of forming a
plate which is shaped as a disc (20) of a composite
piezoelectric material into a hollow spherical cap
(26), characterized in that the step of forming is
preceded by a cutting step which consists in the for-
mation of at least one slit (70) which has a radial
orientation and extends from the peripheral edge
(72) of the disc (20) towards its center (C) in such
a manner that, after the step of forming, the two fac-
ing, oppositely situated free edges (74, 76) which
bound the slit (70) are substantially in contact with
one another so as to minimize the internal stresses
in the cap (26) which are caused notably by its de-
formation.

2. A method of manufacturing as claimed in the pre-
ceding claim, characterized in that at least one slit
extends radially partly along a radius of the disc.

3. A method of manufacturing as claimed in one of the
claims 1 or 2, characterized in that at least one slit
(70) extends radially as far as the center (C) of the
disc (20).
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A method of manufacturing as claimed in the pre-
ceding claim, characterized in that at least two
slits (70) extend radially as far as the center (C) of
the disc (20) in such a manner that the disc is sep-
arated into at least two distinct portions.

A method of manufacturing as claimed in any one
of the preceding claims, characterized in that the
facing, oppositely situated free edges (74, 76) have
aradial orientation in such a manner that the corre-
sponding slit (70) forms a V whose apex is oriented
towards the center (C) of the disc (20).

A method of manufacturing as claimed in the pre-
ceding claim, characterized in that the oppositely
situated free edges (74, 76) are curved and convex,
their convexity being opposed.

A method of manufacturing as claimed in any one
of the preceding claims, characterized in that the
disc (20) comprises a series of slits (70) which are
angularly distributed in a regular fashion so as to
define substantially identical angular sectors (78).

A method as claimed in any one of the preceding
claims, characterized in that adhesive is intro-
duced into the slit (70) in such a manner that, after
the step of forming, the oppositely situated free edg-
es (74, 76) are glued to one another.

A method as claimed in the preceding claim, char-
acterized in that the adhesive is an electrically in-
sulating adhesive.

A method of manufacturing as claimed in any one
of the preceding claims, characterized in that dur-
ing the step of forming the composite piezoelectric
material is heated so as to soften it, after which it is
cooled so as to fix its dimensions.

Patentanspriiche

1.

Verfahren zur Herstellung eines Ultraschallwand-
lers (60), wobei dieses Verfahren einen Schritt zur
Formgebung einer Platte beinhaltet, welche als
Scheibe (20) aus einem piezoelekirischen Ver-
bundwerkstoff als hohle kugelférmige Kappe (26)
gestaltet wird, dadurch gekennzeichnet, dass
dem Formungsschritt ein Einschnittschritt vorher-
geht, der aus der Formgebung von mindestens ei-
nem Schlitz (70) besteht, der eine radiale Ausrich-
tung hat und sich derart vom peripheren Rand (72)
der Scheibe (20) zu ihrem Zentrum (C) erstreckt,
dass nach dem Formgebungsschritt die zwei ent-
gegengesetzt gelegenen, zugewandten freien Kan-
ten (74, 76), die den Schlitz (70) einbinden, sub-
stanziell miteinander in Kontakt sind, um die inter-
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10.

10

nen Spannungen in der Kappe (26), die insbeson-
dere bei deren Deformierung verursacht werden, so
klein wie méglich zu halten.

Herstellungsverfahren gemaf der Erhebungim vor-
hergehenden Anspruch, dadurch gekennzeich-
net, dass sich mindestens ein Schlitz teilradial ent-
lang dem Radius der Scheibe erstreckt.

Herstellungsverfahren geman der Erhebung in den
Anspriichen 1 oder 2, dadurch gekennzeichnet,
dass sich mindestens ein Schlitz (70) radial bis zum
Zentrum (C) der Scheibe (20) erstreckt.

Herstellungsverfahren gemaf der Erhebung im vor-
hergehenden Anspruch, dadurch gekennzeich-
net, dass sich mindestens zwei Schlitze (70) bis
zum Zentrum (C) der Scheibe (20) radial erstrek-
ken, auf eine Weise, dass die Scheibe in minde-
stens zwei gesonderte Teile getrennt wird.

Herstellungsverfahren gemaR der Erhebung in ei-
nem beliebigen der vorhergehenden Anspriche,
dadurch gekennzeichnet, dass die zwei entge-
gengesetzt gelegenen, zugewandten freien Kanten
(74, 76) derart ausgerichtet sind, dass der entspre-
chende Schlitz (70) ein V bildet, dessen Spitze zum
Zentrum (C) der Scheibe (20) ausgerichtet ist.

Herstellungsverfahren gemaf der Erhebungim vor-
hergehenden Anspruch, dadurch gekennzeich-
net, dass die entgegengesetzt gelegenen freien
Kanten (74, 76) gekrimmt und konvexe sind, wah-
rend ihre Konvexitat entgegengesetzt liegt.

Herstellungsverfahren gemaR der Erhebung in ei-
nem beliebigen der vorhergehenden Anspriiche,
dadurch gekennzeichnet, dass die Scheibe (20)
eine Serie von Schlitzen (70) enthélt, die aufregel-
maRige Weise winkelig verteilt sind, um substanzi-
ell identische Winkelsektoren (78) zu definieren.

Verfahren nach einem beliebigen der vorhergehen-
den Anspriche, dadurch gekennzeichnet, dass
der Klebstoff auf derartige Art in den Schlitz (70)
eingegeben wird, dass nach dem Formungsschritt
die entgegengesetzt gelegenen freien Kanten (74,
76) aneinander geklebt sind.

Verfahren gemaR der Erhebung im vorhergehen-
den Anspruch, dadurch gekennzeichnet, dass
der Klebstoff ein elektrischisolierender Klebstoff ist.

Herstellungsverfahren nach einem beliebigen der
vorhergehenden Anspriche, dadurch gekenn-
zeichnet, dass wahrend dem Formungsschritt der
piezoelektrische Verbundwerkstoff erwarmt wird,
um ihn zu erweichen, wonach er abgekiihlt wird, um
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seine Abmessungen festzulegenlegt.

Revendications

Procédé de fabrication d'un transducteur ultrasono-
re (60), lequel procédé comprend une étape de
moulage d'une plaque en forme de disque (20)
d'une matiere piézo-électrique composite en un
bouchon sphérique creux (26), caractérisé en ce
que I'étape de moulage est précédée d'une étape
de découpage qui consiste a former au moins une
fente (70) dotée d'une orientation radiale et s'étend
du bord périphérique (72) du disque (20) vers son
centre (C) de telle maniére qu'aprés I'étape de mou-
lage, les deux bords libres d'about opposés I'un a
I'autre (74, 76) qui délimitent la fente (70) soient es-
sentiellement en contact I'un avec l'autre de manie-
re a minimiser les contraintes internes dans le bou-
chon (26) qui sont provoquées notamment par la
déformation.

Procédé de fabrication selon la revendication pré-
cédente, caractérisé en ce qu'au moins une fente
s'étend radialement en partie le long d'un rayon du
disque.

Procédé de fabrication selon I'une des revendica-
tions 1 ou 2, caractérisé en ce qu'au moins une
fente (70) s'étend radialement jusqu'au centre (C)
du disque (20).

Procédé de fabrication selon la revendication pré-
cédente, caractérisé en ce qu'au moins deux fen-
tes (70) s'étendent radialement jusqu'au centre (C)
du disque (20) de telle maniére que le disque soit
séparé en deux parties distinctes au moins.

Procédé de fabrication selon l'une des revendica-
tions précédentes, caractérisé en ce que les bords
libres d'about (74, 76) opposés I'un a I'autre ont une
orientation radiale de telle maniére que la fente cor-
respondante (70) forme un V dont le sommet est
orienté vers le centre (C) du disque (20).

Procédé de fabrication selon la revendication pré-
cédente, caractérisé en ce que les bords libres
(74, 76) opposés I'un a l'autre sont incurvés et con-
vexes, leur convexité étant opposée.

Procédé de fabrication selon l'une des revendica-
tions précédentes, caractérisé en ce que le disque
(20) se compose d'une série de fentes (70) qui sont
distribuées angulairement d'une maniére réguliere
de maniere a définir des secteurs angulaires iden-
tiqgues en substance (78).

Procédé selon I'une des revendications précéden-
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tes, caractérisé en ce que |'adhésif est introduit
dans la fente (70) de telle maniére qu'aprés I'étape
de moulage, les bords libres (74, 76) opposés l'un
a l'autre soient collés I'un a l'autre.

Procédé selon la revendication précédente, carac-
térisé en ce que |'adhésif est un adhésif électrique-
ment isolant.

Procédé de fabrication selon l'une des revendica-
tions précédentes, caractérisé en ce que, pendant
I'étape de moulage, la matiére piézo-électrique
composite est chauffée de maniere a la ramollir
aprés quoi elle est refroidie pour fixer ses dimen-
sions.
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