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Description

[0001] A procedure for the manufacturing of a piezoe-
lectric ceramics radiating surface is provided, of the type
that is used in a powerful ultrasound transducer, said
transducer being next to an electrical impedances adap-
tation network, a power amplifier, a signal generator, a
control unit, with the transducer also comprising an ex-
ternal casing, said piezoelectric ceramics between some
electrodes, an absorbent material between the casing
and the piezoelectric ceramics and an adaptation layer.

BACKGROUND OF THE INVENTION

[0002] The applicant is known for its continuous inno-
vations in the electro aesthetics and electro medicine
sector.

[0003] European Patent No. 1345657, "Ultrasound
lipolysis", from the year 2001, in the name of the Israeli
firm INSIGHTEC-IMAGE GUIDED TREATMENT LTD.
In this invention the cells are destroyed inside an area of
subcutaneous tissue by ultrasound radiation produced
by a transducer that is external and adjacent to the pa-
tient. The transducer emits the acoustic energy that is
focused in a linear focus area inside the area of tissue.
The acoustic energy is intense enough to produce the
lysis of the cells inside the focus area reducing heating
to a minimum. The transducer can be made up of one or
several independent radiating elements that have a par-
tially cylindrical shape, a single flat transducer element
attached to an acoustic lens, or a plurality of linear trans-
ducer elements placed alongside each otherinan arched
or flat arrangement. The transducer can include detec-
tors for detecting the cavitations that are produced in the
focus area, which is correlated to the grade of cell de-
struction.

[0004] Previously, this type of semi cylindrical ultra-
sound emitting transducers have been, and are being,
used for treating cancers that are localised and can be
accessed by this technique, as can be appreciated in
European Patent No. 20060255209 (published as EP 1
774 989) in the name of Larson, Eugene A. (2457 West
Shore Drive, Lummi Island Washington 98262, US) Ka-
minski, Perry W. (1 Lake Shore Trail, Stehekin Washing-
ton 98852, US), which shows that the application of this
type of ultrasound energy focusing elements precedes
the above-mentioned European Patent No. 1345657.
[0005] US-B1-6656136 discloses an aspheric ultra-
sonic transducer.

BRIEF DESCRIPTION OF THE INVENTION

[0006] This invention is an improvement in the sector
that applies focused ultrasounds to the fields of medicine
and aesthetics, in particular to high intensity focused ul-
trasound systems (also known as HIFU).

[0007] Accordingtotheinventors, the previous patents
are limited in that the ultrasound energy is focused in an
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area that is as long as the emission surface, and in that
an axis parallel to the cylinder, has defined energy fo-
cusing values that are smaller than those of a hemispher-
ical transducer.

[0008] Theinventors have developedanew procedure
for obtaining or manufacturing a transducer that enables
radiating a smaller focus volume than that of a semicyl-
inder and greater than that of a hemisphere, thereby ob-
taining a greater energy focus than in a semicylinder and
a greater focusing area than a hemisphere.

[0009] With reference to the semicylinder, the new ra-
diating surface required a smaller amplifying capacity
with the consequent saving in the design and manufac-
turing of the treatment equipment, which also meant that
the resulting equipment worked more efficiently.

[0010] As aconsequence of the design of this new sur-
face, it is possible, by varying the different geometrical
elements that form it, to vary the focal depth and area.
This means that new treatment approaches can be per-
formed, and also that the effective energies can be con-
centrated sufficiently in the focus area so as not to dam-
age the adjacent structures or tissues that need not be
treated, such as for example the skin.

[0011] This new procedure developed by the inven-
tors, makes it possible to obtain a transducer which, de-
pending on the depth and the volume of the focus area,
can perform various treatments, including, for example,
15mm from the skin the fat area, 3-4 cm from the skin
the treatment for the pain in the tendon or muscular tis-
sue, and 2-3 mm from the skin it is possible to heat the
dermal tissue to induce the cells to produce new collagen
and elastic fibres; it is possible to treat the cancer, ac-
cording to its location, selecting the focus and depth suit-
able to the type and location of the tumour in question.
[0012] The object of this invention is a procedure for
the manufacturing of a piezoelectric ceramics radiating
surface, of the type that is used in a powerful ultrasound
transducer, said transducer being next to an electrical
impedance adaptation network, a powerful amplifier, a
signal generator, a control unit, with the transducer also
comprising an external casing, said piezoelectric ceram-
ics between some electrodes, an absorbent material be-
tween the casing and the piezoelectric ceramics and an
adaptation layer, as claimed in claim 1 and a piezoelectric
ceramics as claimed in claim 3. A preferred embodiment
is disclosed in the dependent claim.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] In order to facilitate the explanation twelve
sheets of drawings accompany this specification, which
illustrate a practical embodiment, and which is provided
as a non-limiting example of the scope of this invention:

- Figure 1 is a block diagram showing a system for
producing acoustic energy.

- Figures 2a to 2m are a sequence of drawings illus-
trating the various stages of the procedure.
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- Figure 3a is a plane view of the ceramics.

- Figure 3b is a side view of the ceramics.

- Figure 3c is a front view of said ceramics.

-  Figure4isaperspective view of a piezoelectrichead-
piece.

- Figure 5 is a section along the line V-V in Figure 4.

- Figure 6 is a side tomography of the ultrasound ac-
tion under the skin, and

- Figure 7 is a plane tomography of the ultrasound
action under the skin.

SPECIFIC EMBODIMENT OF THIS INVENTION

[0014] So, in a specific embodiment, a description is
provided of the procedure for the manufacturing of a pi-
ezoelectric ceramics radiating surface, of the type thatis
used in a powerful ultrasound transducer 1 (Figs. 1 and
4).

[0015] Said transducer 1 is part of a system capable
of producing the desired acoustic energy in a controlled
fashion. (Fig. 1)

[0016] The piezoelectric ceramics radiating surface U2
is defined as part of a surface U1 that contains an arch
A2 and is limited by two projections p1 and p2, without
necessarily containing them.

[0017] This surface is obtained by applying the proce-
dure set out below. First of all the three space axes X, Y
and Z are determined (Fig. 2a).

[0018] Then a first segment S1 is drawn along axis X,
which determines ends A and B (Fig. 2b).

[0019] Then a second segment S2 is drawn, with a
length h other than zero, originating in the medium point
M of the first segment S1 and parallel to axis Z that ends
in point C (Fig. 2c).

[0020] Then, a first arch A1 is defined that passes
through points A, C and B, defined beforehand, corre-
sponding with the ends of segment S1 and one of the
ends of segment S2 (Fig. 2d).

[0021] Then two circumferences are drawn with radius
r1 centred in said points A and B. Said circumferences
are parallel to plane YZ (Fig. 2e).

[0022] Next a circumference is drawn parallel to the
previous ones with radius r2 and centred in point C, which
is the end of segment S2 (Fig. 2f).

[0023] Afterwards avector (vector MC) is defined start-
ing in the point M of the first segment S1 and ending in
point C, which as stated above, is the end of the second
segment S2. A third segment S3 is drawn originating in
point A of the first segment S1, in plane XZ, with length
r1 in the direction of vector MC, with an end point of said
segment being defined, point D (Fig. 29).

[0024] Subsequently a fourth segment S4 is drawn
originating in point B of the first segment S1, orientated
in plane XZ, with length r1 in the direction of vector MC,
with an end point of said fourth segment being defined,
point E (Fig. 2h).

[0025] Then a fifth segment S5 is drawn originating in
point C, which is the end of segment S2, in plane XZ,
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with length r2 in the direction of vector MC, with an end
point of said fifth segment S5 being defined, point F (Fig.
2i).

[0026] Afterwards a second arch A2 is defined that
passes through the above-mentioned points D, F and E
(Fig. 2j).

[0027] Then asurface U1 is defined made up of all the
circumferences parallel to plane YZ, centred in the first
arch A1 and with one point of the perimeter thereof lo-
cated in the second arch A2 (Fig. 2k).

[0028] Finally the first arch A1 is projected in the direc-
tion of axis Y on surface U1 producing two projections
p1and p2 which, when joined together, form piezoelectric
ceramics radiating surface U2 (Fig. 21), which can be cut
as required (Fig. 2m).

[0029] One of the embodiments of said piezoelectric
ceramics in Figure 2m, is like the one shown in Figures
3a, 3b and 3c, which are a plane, side and front view of
that shown in said Figure 2m.

[0030] According torequirements, radiusr1 can be dif-
ferent from r2 or radii r1 and r2 can be identical.

[0031] The said system, in Figure 1, comprises a con-
trol unit 5 that manages the emission time and the am-
plitude of the signal supplied to the amplifier. Also, this
unit will set up other operating parameters, such as the
emission mode, which can be continuous or pulsed, the
working cycle, the number of impulses, etc.

[0032] Signal generator 4 supplies the power amplifier
3 with an essential emission frequency, which is adjust-
able and coincides with the transducer resonance fre-
quency. This generator can, possibly, work with harmon-
ics in the essential frequency, in order to vary the trans-
ducer emission wavelength, and this way, reduce the size
of the focus area.

[0033] The electrical impedance adaptation network 2
adapts the signal that leaves the amplifier 3 so that trans-
ducer 1 receives it correctly.

[0034] In one embodiment it can be foreseen that the
system detects whether the acoustic energy is deposited
in the transducer focus. To this end, a detection trans-
ducer 6 is added to the above-mentioned system, fo-
cused in the focus area of power transducer 1, to know
whether cavitations occur in the focus point; a signal am-
plifier 8 is also added, if the received signal is weak; and
a signal treatment block 9, which would be connected to
control unit 5, which analyses the signal to detect the
cavitations; and an electrical impedance adaptation net-
work 7 which adapts the signal that leaves transducer 6
so that it is received correctly by amplifier 8.

[0035] Figure 4 shows transducer 1 with its casing 11,
an electrical lead 16 and an adaptation layer 15, which
is explained in further detail in Figure 5.

[0036] Figure 5is the section along the line V-V in Fig-
ure 4, which illustrates casing 11, lead 16, an absorbent
material 12, a piezoelectric ceramics 14 sandwiched by
a first metallic electrode 13 and a second metallic elec-
trode 17 and adaptation layer 15.

[0037] This way, lead 16 with two connectors is at-
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tached to electrical impedances adaptation network 2.
[0038] Casing 11 surrounds and protects the various
elements making up transducer 1.

[0039] Absorbent material 12 absorbs the vibrations of
piezoelectric ceramics 14 inside transducer 1.

[0040] First metallic electrode 13 covers the whole top
surface of the piezoelectric ceramics, to which one of the
connectors of lead 16 is connected, and the second me-
tallic electrode 17 covers the whole bottom surface of
piezoelectric ceramics 14, to which the other connector
of electric lead 16 is connected.

[0041] Piezoelectric ceramics 14 produces the ultra-
sound vibration when it is excited to a certain frequency
by the two metallic electrodes 13,17. Said vibration is
transmitted to the adaptation layer 15 which adapts the
acoustic impedances of transducer 1 and of the medium
(the part of the human body) that is going to be the ex-
posed to the acoustic field.

[0042] Figure 6 is a side tomography of the ultrasound
action under the skin where a prefocus area 20, post
focus area 21 and an area 22 can be seen, the latter
being where the acoustic pressure is greater and there-
fore where the temperature is also higher.

[0043] Figure7isaplanetomography of the ultrasound
action under the skin, after creating a transparent effect
on piezoelectric ceramics 21 to make it easier to see the
tomography.

[0044] This invention describes a new procedure for
the manufacturing of a piezoelectric ceramics radiating
surface. The examples mentioned herein do not limit the
invention, and therefore it can have different applications
and/or adaptations, all within the scope of the following
claims.

Claims

1. Procedure for the manufacturing of a piezoelectric
ceramics radiating surface, of the type that is used
in a powerful ultrasound transducer, said transducer
being nextto an electricalimpedance adaptation net-
work, a power amplifier, a signal generator, a control
unit, said transducer also comprising an external
casing, said piezoelectric ceramics between some
electrodes, an absorbent material between the cas-
ing and piezoelectric ceramics and an adaptation
layer, wherein the piezoelectric ceramics radiating
surface U2 is obtained by applying the following pro-
cedure:

-the three space axes X, Y and Zare determined
- a first segment S1 is drawn along axis X be-
tween two points A and B,

- a second segment S2 parallel to axis Z is
drawn, with a length h other than zero, between
a middle point M of the first segment S1 and a
point C,

- a first arch A1 is defined that passes through
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points A, C and B,

- two circumferences are drawn with radius r1
centred in points A and B and in planes parallel
to plane YZ,

- a circumference is drawn parallel to the previ-
ous ones with radius r2, centred in C;

- a vector is defined that starts at point M and
ends at point C,

- a third segment S3 in plane XZ, in the direction
of vector MC, is drawn between the point A and
point D, being defined by length r1,
-afourthsegmentS4inplane XZ, inthe direction
of vector MC, is drawn between the point A and
point E, being defined by length r1

- afifth segment S5isin plane XZ, in the direction
of vector MC, is drawn between the point C and
point F, being defined by length r2,

- a second arch A2 is defined that passes
through points D, F and E,

- a surface U1 is defined made up of all the cir-
cumferences parallel to plane YZ centred in the
first arch A1 and with one point of the perimeter
thereof located in second arch A2, and

- firstarch A1 is projected in the direction of axis
Y on surface U1 producing two projections p1
and p2,

- finally surface U2 is cut as required,

such that said ceramics radiating surface U2 is de-
fined as part of a surface U1 that contains an arch
A2 and is limited by two projections p1 and p2, with-
out necessarily containing them.

2. Procedure according to claim 1 characterized in
that radius r1 is different to radius r2.

3. Piezoelectric ceramics manufactured according to
the procedure of claim 1 characterised in that it
adopts a form of double arch, transversally and lon-
gitudinally curved.

Patentanspriiche

1. Verfahren zur Herstellung einer Abstrahlflache aus
piezoelektrischer Keramik der Art, wie sie in einem
leistungsstarken Ultraschall-Messumformer ver-
wendet wird, wobei sich dieser Messumformer ne-
ben einem elektrischen Widerstandsanpassungs-
netz, einem Leistungsverstarker, einem Signalgene-
rator, einem Steuergerat befindet, und dieser Mes-
sumformer auch ein externes Gehause, die piezoe-
lektrische Keramik zwischen einigen Elektroden, ein
absorbierendes Material zwischen dem Gehause
und der piezoelektrischen Keramik und eine Adap-
terschicht umfasst, wobei die Abstrahlflache aus pi-
ezoelektrischer Keramik U2 durch Anwendung des
folgenden Verfahrens erhalten wird:
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- die drei raumlichen Achsen X, Y und Z werden
bestimmt

- ein erstes Segment S1 wird entlang der X-Ach-
se zwischen den zwei Punkten A und B gezo-
gen,

- ein zweites Segment S2 parallel zur Z-Achse
wird gezogen mit einer Léange h groRer als null
zwischen einem Mittelpunkt M des ersten Seg-
ments S1 und einem Punkt C,

- ein erster Bogen A1 wird definiert, der durch
die Punkte A, C und B verlauft,

- zwei Kreisumfange mit Radius r1 werden zen-
triert in den punkten A und B und auf parallelen
Ebenen zur Ebene YZ gezogen,

- ein Kreisumfang mit Radius r2 und zentriert in
C wird parallel zu den vorherigen gezogen,

- ein Vektor wird definiert, der am Punkt M be-
ginnt und am Punkt C endet,

- ein drittes Segment S3 auf der Ebene XZ in
der Richtung des Vektors MC wird gezogen zwi-
schen dem Punkt A und Punkt D, definiert durch
die Lange r1,

- ein viertes Segment S4 auf der Ebene XZ in
der Richtung des Vektors MC wird gezogen zwi-
schen dem Punkt A und Punkt E, definiert durch
die Lange r1,

- ein finftes Segment S5 auf der Ebene XZ in
der Richtung des Vektors MC wird gezogen zwi-
schen dem Punkt C und Punkt F, definiert durch
die Lange r2,

- ein zweiter Bogen A2 wird definiert, der durch
die Punkte D, F und E verlauft,

- eine Flache U1 wird definiert, die aus allen
Kreisumfangen parallel zur Ebene YZ besteht,
zentriert im ersten Bogen A1 und mit einem
Punkt von dessen Umfang auf dem zweiten Bo-
gen A2, und

- der erste Bogen A1 wird in die Richtung der Y-
Achse auf der Flache U1 projektiert und erzeugt
zwei Uberstande p1 und p2,

- abschlieBend wird die Flache U2 wie erforder-
lich zugeschnitten,

- derart, dass die keramische Abstrahlflache U2
als Teil einer Flache U1 definiert ist, die einen
Bogen A2 enthalt und durch zwei Uberstande
p1und p2 begrenzt wird, ohne dass diese zwin-
gend enthalten sein missen.

Verfahren gemal Anspruch 1, dadurch gekenn-
zeichnet, dass der Radius r1 sich vom Radius r2
unterscheidet.

Piezoelektrische Keramik hergestellt gemaR dem
Verfahren von Anspruch 1, dadurch gekennzeich-
net, dass sie die Form eines doppelten, transversal
und longitudinal gebogenen Bogens annimmit.

10

15

20

25

30

35

40

45

50

55

Revendications

Procédure de fabrication de surface radiante en cé-
ramique piézoélectrique, du type qui est utilisé dans
un puissant transducteur ultrasonique, ledit trans-
ducteur étant a c6té d'un réseau d’adaptation d’im-
pédance électrique, un amplificateur de puissance,
un générateur de signaux, une unité de contréle, ledit
transducteur comprenant également un boitier ex-
térieur, ladite céramique piézoélectrique étant entre
des électrodes, un matériel absorbant entre le boitier
et la céramique piézoélectrique et une couche
d’adaptation, ou la surface radiante en céramique
piézoélectrique U2 est obtenue en appliquantla pro-
cédure suivante :

- les trois axes d’espace X, Y et Z sont détermi-
nés

- un premier segment S1 est tracé le long d’'un
axe X entre deux points A et B,

- un second segment S2 est tracé parallele a
I'axe Z, d’'une longueur h autre que zéro, entre
un point situé au milieu M du premier segment
S1 et un point C,

- un premier arc A1 est défini qui passe par les
points A, C et B,

- deux circonférences sont tracées d’un rayon
r1 centrées aux points A et B et sur des plans
paralléles au plan YZ,

- une circonférence esttracée parallélement aux
précédentes avec un rayon r2, centré en C,

- un vecteur est défini qui part du point M et qui
termine au point C,

- un troisieme segment S3 sur le plan XZ, dans
la direction du vecteur MC, est tracé entre le
point A et le point D, étant défini par la longueur
r1,

- un quatrieme segment S4 sur le plan XZ, dans
la direction du vecteur MC, est tracé entre le
point A et le point E, étant défini par la longueur
r1,

- un cinquiéme segment S5 sur un plan XZ, dans
la direction du vecteur MC, est tracé entre le
point C et le point F, étant défini par la longueur
r2.

- un deuxiéme arc A2 est défini qui passe par
les points D, F et E.

- une surface U1 est définie, faite de toutes les
circonférences paralléles au plan YZ centrée sur
le premier arc A1 et dont un point du périmétre
est situé sur le deuxiéme arc A2, et

- un premier arc A1 est projeté dans la direction
de lI'axe Y sur la surface U1 produisant deux
projections p1 et p2,

- finalement, une surface U2 est coupée comme
requis,

de telle maniére que la surface radiante en cérami-
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que U2 soit définie comme une partie d’'une surface
U1 contenant un arc A2 et soit limitée par deux pro-
jections p1 et p2 sans nécessairement les contenir.

Procédure conformément a la revendication 1, ca-
ractérisée en ce que le rayon r1 est différent du
rayon r2.

Céramique piézoélectrique fabriquée conformé-
ment a la procédure de la revendication 1, caracté-
risée en ce qu’elle adopte une forme d’arc double,
cintré transversalement et longitudinalement.
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