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(7) ABSTRACT

The invention relates to a multiple-element acoustic probe
comprising piezoelectric transducers (Tij) and an array of
interconnections connecting the acoustic transducers to an
electronic signal processing and control device. This probe
further comprises a continuous ground electrode (P) inte-
grated between the transducers and acoustic matching ele-
ments, facing the piezoelectrical transducers, the acoustic
matching elements being totally uncoupled from one another
mechanically.
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MULTIPLE-ELEMENT ACOUSTIC PROBE
COMPRISING A COMMON GROUND
ELECTRODE

[0001] The field of the invention is that of acoustic trans-
ducers that can be used especially in medical or underwater
imaging.

[0002] In general, an acoustic probe comprises a set of
piezoelectric transducers connected to an electronic control
device by means of an interconnection array.

[0003] These piezoelectric transducers emit acoustic
waves which, after reflection in a given medium, provide
information on said medium. Generally, one or more acous-
tic matching plates, for example of the quarter-wave type,
are attached to the surface of the piezoelectric transducers to
improve the transfer of acoustic energy in said medium.

[0004] These matching plates may be made out of a
polymer type material charged with mineral particles whose
proportions are adjusted to obtain the desired acoustic
properties. In general, these plates are shaped by moulding
or machining and then joined by bonding to one of the faces
of the piezoelectric transducers.

[0005] More specifically, in the case of a probe possessing
a set of elementary transducers, the piezoelectric transducers
are separated mechanically by a cutting up of a monolithic
plate of piezoelectric material, for example PZT type
ceramic. It is then also necessary to cut out the associated
acoustic matching layer or layers in the same way so as to
avoid any acoustic coupling between elementary transducers
through this matching layer or layers. The cutting out of
these matching layers and of the piezoelectric layer is
therefore generally done simultaneously, for example by
means of a diamond-tipped saw.

[0006] Each elementary piezoelectric transducer must be
connected on the one hand to the ground and on the other
hand to a positive contact (also called a hot point).

[0007] In general, the ground is located towards the propa-
gation medium (for example the patient in the case of an
acoustic echography probe), namely it should be on the side
where the acoustic matching elements are positioned.

[0008] The simultaneous cutting out of acoustic matching
layers and of piezoelectric material has the consequence
wherein the ground electrode too is cut out when this
electrode is constituted by a metal layer inserted between the
acoustic matching material and the piezoelectric material. In
the case of a one-dimensional array probe the continuity of
the ground electrode is preserved in one direction. In the
case of a two-dimensional array probe, where the elements
are cut out in both directions, the continuity of the ground
electrode must be preserved in at least one direction so as to
enable the retrieval of the ground at the periphery of the
matrix assembly of elementary piezoelectric transducers.

[0009] In the prior art, in order to preserve a continuity of
the ground in the case of a two-dimensional probe, it has
been proposed to proceed as follows:

[0010] On the interconnection array 1, a conductive layer
is deposited and then a plate of piezoelectric material is
deposited by bonding.

[0011] Successive cutting-out operations are performed, in
a direction Dy illustrated in FIG. 1, on the matrix of
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transducers Tij. One or more acoustic matching plates are
bonded in the same way. The lower face of the first acoustic
matching plate is metallized, enabling the grounds to be
brought to the edges of the matrix.

[0012] Finally, the entire unit (acoustic matching plates
and piezoelectric material plate) are cut out in the direction
Dx perpendicular to the direction Dy.

[0013] There is thus obtained a matrix of elementary
piezoelectric transducers Tij covered with acoustic matching
elements Ai, with ground electrodes Pi inserted between the
transducers Tij and the elements Ai.

[0014] However, this method has the drawback of
mechanically connecting the elementary transducers of one
and the same line i in the direction Dx, and is therefore
detrimental to the performance characteristics of the acous-
tic probe that results therefrom.

[0015] This is why the invention proposes an acoustic
probe comprising a continuous ground electrode inserted
between elementary piezoelectric transducers uncoupled
from one another, and acoustic matching elements also
uncoupled from one another so as to resolve the problem of
the prior art.

[0016] More specifically, an object of the invention is an
acoustic probe comprising acoustic matching elements,
elementary piezoelectric transducers and an array of inter-
connections connecting the acoustic transducers to an elec-
tronic signal processing and control device characterized in
that said probe comprises a continuous ground electrode
inserted between the elementary acoustic transducers and
acoustic matching elements.

[0017] The ground electrode may typically be a metal foil,
for example made of copper or silver.

[0018] It may also be a metallized polymer film of the
copper-plated or gold-plated polyester or polyimide type, or
again a polymer film charged with conductive particles.

[0019] The acoustic matching elements may advanta-
geously be made of epoxy resin charged with tungsten
and/or aluminium oxide particles while the elementary
piezoelectric transducers may be made of PZT type ceramic.

[0020] According to one variant of the invention, the
acoustic probe comprises acoustic matching elements Aij,,
with an impedance close to that of the propagation medium
of the acoustic probe, that are located above the ground
electrode and acoustic matching elements Aij,, with an
impedance close to that of the piezoelectric transducers, that
are located between the ground electrode and the piezoelec-
tric transducers.

[0021] Typically, when the acoustic probe according to the
invention is designed to work in an aqueous medium, the
piezoelectric transducers being made of ceramic, the ele-
ments Aij, have an impedance of about 2 to 3 Mega
Rayleigh and the elements Aij, have an impedance of about
8 to 9 Mega Rayleigh.

[0022] An object of the invention is also a method for the
manufacture of the acoustic probe according to the inven-
tion. This method comprises the making of elementary
piezoelectric transducers (Tij) on the surface of an array of
interconnections connecting the acoustic transducers to an
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electronic signal processing and control device character-
ized in that it furthermore comprises the following steps:

[0023] the depositing of a conductive layer that con-
stitutes an ground electrode (P) on the surface of the
elementary transducers (Tij);

[0024] the depositing of at least one layer of acoustic
matching material;

[0025] the selective etching of the layer or layers of
acoustic matching materials with a corrosion barrier
on the conductive layer so as to constitute acoustic
matching elements (Aij).

[0026] Advantageously, the selective etching may be done
by a CO, type laser, an excimer type ultraviolet laser or else
a YAG type laser.

[0027] According to one method of manufacture of the
acoustic probe of the invention, the ground electrode may be
a metallized copper-coated polyimide film, and the acoustic
matching elements Aij may then be defined by the etching,
with a CO, laser at an energy density in the range of some
Joules per cm? (so as not to corrode the metallization), of a
layer of epoxy resin charged with tungsten particles.

[0028] According to one variant of the method of the
invention, two layers of acoustic matching material are
deposited, a first layer having an impedance close to that of
the piezoelectric transducers and a second layer having an
impedance close to that of the medium in which the acoustic
probe is designed to function. The set of two layers is etched
with a corrosion barrier on the conductive layer.

[0029] According to another variant of the invention, a
layer that has impedance close to that of the transducers and
is conductive is deposited on the surface of a layer of
piezoelectric material, the unit is cut out so as to define the
piezoelectric transducers Tij and a first series of high-
impedance acoustic matching elements. A conductive
ground electrode layer is deposited on the set of transducers
Tij covered with the elements Aij,. A second acoustic
matching layer is placed on the surface of the ground
electrode P, elements Aij, are then defined by the selective
cutting out of the low-impedance layer with an etching
barrier on the ground electrode.

[0030] The invention will be understood more clearly and
other advantages shall appear from the following descrip-
tion, given on an non-restrictive basis and with reference to
the appended figures, of which:

[0031] FIG. 1 illustrates an acoustic probe according to
the prior art;

[0032] FIG. 2 illustrates a first exemplary acoustic probe
according to the invention;

[0033] FIG. 3 illustrates a first step in the manufacture of
an exemplary array of interconnections used in an acoustic
probe according to the invention;

[0034] FIG. 4 illustrates a second step in the manufacture
of an exemplary array of interconnections, used in an
acoustic probe according to the invention;

[0035] FIG. 5 illustrates a step in the method of manu-
facture of an acoustic probe common to the prior art and to
the method of the invention;
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[0036] FIG. 6 illustrates a step in the method of manu-
facture of an acoustic probe according to the invention,
comprising the depositing of a conductive layer on the
surface of the elementary transducers Tij;

[0037] FIG. 7 illustrates a step in the method of manu-
facture of an acoustic probe according to the invention,
comprising the depositing of acoustic matching plates;

[0038] FIG. 8 illustrates a step in the method of manu-
facture of an acoustic probe according to the invention,
comprising the selective cutting out of the acoustic matching
plates so as to define the elements Aij;

[0039] FIG. 9 illustrates a second exemplary acoustic
probe according to the invention.

[0040] The acoustic probe according to the invention
comprises elementary piezoelectric transducers Tij (orga-
nized in a linear matrix or in a way that is preferably
two-dimensional), attached to a matrix of facing intercon-
nection pins. This matrix of interconnections is constituted
by ends of metal tracks emerging on one of the faces of an
array of interconnections, described hereinafter and known
as a backing. The opposite ends of the metal tracks are
generally connected to an electronic control and analysis
device.

[0041] FIG. 2 illustrates a first exemplary acoustic probe
according to the invention in which the entire probe appears
to be partially cut. The backing 1 supports the elementary
piezoelectric transducers Tij. A continuous ground electrode
P is attached to the surface of the transducers Tij and
supports the set of the discrete acoustic matching elements
Ajj that may result from the depositing of one or more layers
of acoustic matching material (in the example of FIG. 2, two
layers are shown and result in the obtaining of elements Aij,
and Aij,).

[0042] In the case of a matrix of MxN piezoelectric
transducers, the array of interconnections may be made, for
example, in the following way:

[0043] M dielectric substrates are used. On these sub-
strates N conductive tracks are made along an axis Dx. Each
substrate may comprise a window that locally leaves the
conductive tracks bare. All the M substrates are aligned and
stacked in a direction Dy. There is thus obtained a stack of
M dielectric substrates, said stack having a cavity compris-
ing MxN conductive tracks. FIG. 3 illustrates the construc-
tion of this stack.

[0044] The cavity thus formed is filled with a hardening
resin that is electrically insulating and possesses the desired
properties of acoustic attenuation. After the hardening of the
resin, the stack is cut along a plane Pc, perpendicular to the
axis of the tracks at the level of the preformed cavity as
shown in FIG. 4 in order to obtain a surface consisting of
MxN track sections perpendicularly flush with the resin at
the level of the backing 1.

[0045] To provide for the connection between these MxN
track sections and the piezoelectric transducers Tij, it is
possible advantageously to proceed as follows:

[0046] The entire surface of the backing 1 constituted by
the MxN track sections is metallized with a layer Me. A
layer of PZT ceramic type piezoelectric material is laid
thereon. Then, the layer Me and the ceramic is layer are cut
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out, for example by sawing, so as to define the transducers
Tij that are independent of one another. The barrier against
the cutting out operation can be made on the surface of the
resin and the control of this etching does not require extreme
precision. FIG. 5 shows the matrix of transducers Tij
defined on elementary metallizations Me;; corresponding to
the “hot point” contacts referred to here above, the assembly
being thus connected electrically to the backing 1.

[0047] The unit thus constituted is covered with a con-
ductive ground electrode P as shown in FIG. 6, that is laid
on and then bonded, whether it is a metal foil or a film of
metallized polymer.

[0048] Two plates of acoustic matching material L1 and
L2 are then bonded as shown in FIG. 8. The first plate L1
has high impedance close to that of the material constituting
the transducers, the second plate [.2 has lower impedance
close to that of the medium in which it is sought to use the
acoustic probe. The cutting-out operation must mechanically
separate the matching plates without cutting out the ground
electrode P.

[0049] In this way, an acoustic decoupling of the elemen-
tary transducers Tij is obtained, at the same time as electrical
continuity is kept making it possible to recover the ground
contact at the periphery of the probe.

[0050] In particular, this cutting-out operation can be done
by lasers. The laser used may be for example a CO, type
infrared laser or an excimer type UV laser or a triple or
quadruple YAG type laser.

[0051] By an appropriate choice of the different constitu-
ent elements of the ground electrodes and the acoustic
matching elements, and of the parameters of the laser beam,
namely wavelength and energy density, it becomes possible
to carry out a selective machining of the acoustic matching
plates without affecting the ground electrode. The cutting-
out operation can be done by means of a laser beam focused
and guided so as to describe the cuts required or again by
scanning through a mask aligned on the cutting-out paths.

[0052] According to another variant of the invention, the
acoustic probe has two series of acoustic matching elements
Aij, and Aij, separated by the continuous ground electrode.

[0053] This probe comprises elementary transducers Tij
attached to a matrix of facing interconnection pins forming
part of an interconnection array. FIG. 9 illustrates this
configuration. The first series of high-impedance acoustic
matching elements may be defined at the same time as the
piezoelectric elements through the cutting-out operation, for
example by the sawing of the above-mentioned metalliza-
tion layer Me, the ceramic layer (constituting the elementary
transducers) and a first acoustic matching plate L1 which
must be conductive.

[0054] The unit thus constituted, formed by the electrodes
Me;;, the transducers Tij, the elements Aij,, is covered with

a conductive ground electrode P that is laid on and then
bonded.

[0055] 1t is then possible to bond a second low-impedance
plate L.2 cut out by etching, with an etching barrier, on the
ground electrode so as to define the low-impedance elements
Aij,. One of the useful aspects of this variant of the
invention lies in the fact that the thickness to be cut out by
selective etching is small and, at the same time, a probe is
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available that advantageously has high-impedance elements
and low-impedance elements.

What is claimed is:

1. An acoustic probe comprising acoustic matching ele-
ments (Aij), elementary piezoelectric transducers (Tij) and
an array of interconnections connecting the acoustic trans-
ducers to an electronic signal processing and control device
characterized in that said probe comprises a continuous
ground electrode (P) inserted between the elementary acous-
tic transducers (Tij) and acoustic matching elements (Aij).

2. An acoustic probe according to claim 1, characterized
in that the ground electrode is a copper or silver type of
metal foil.

3. An acoustic probe according to claim 1, characterized
in that the ground electrode is a metallized polymer film of
the copper-coated or gold-coated polyimide or polyester
type.

4. An acoustic probe according to claim 1, characterized
in that the ground electrode is a polymer film charged with
conductive particles.

5. An acoustic probe according to one of the claims 1 to
4, characterized in that the acoustic matching elements are
advantageously made of epoxy resin charged with particles
of tungsten and/or aluminium oxide.

6. An acoustic probe according to one of the claims 1 to
4, characterized in that the elementary piezoelectric trans-
ducers (Tij) are made of PZT type ceramic.

7. An acoustic probe according to one of the claims 1 to
6, characterized in that it comprises acoustic matching
elements (Aij,), having an impedance close to that of the
transducers (Tij) and being located on the surface of the
ground electrode (P) and acoustic matching elements (Aij,),
having an impedance close to that of the propagation
medium of the probe and being located on the surface of the
elements (Aij,).

8. An acoustic probe according to one of the claims 1 to
6, characterized in that it comprises acoustic matching
elements (Aij,) located between the piezoelectric transduc-
ers and the ground electrode (P) and elements (Aij,), having
an impedance close to that of the propagation medium of the
probe and being located on the surface of the ground
electrode (P).

9. A method for the manufacture of the acoustic probe
according to one of the claims 1 to 8, comprising the making
of elementary piezoelectric transducers (Tij) on the surface
of an array of interconnections connecting the acoustic
transducers to an electronic signal processing and control
device characterized in that said method furthermore com-
prises the following steps:

the depositing of a conductive layer that constitutes an
ground electrode (P) on the surface of the elementary
transducers (Tij);

the depositing of at least one layer of acoustic matching
material, on the conductive surface;

the selective etching of the layer or layers of acoustic
matching materials, with a corrosion barrier on the
conductive layer, so as to constitute acoustic matching
elements (Aij, Aij;, Aij,).
10. A method for the manufacture of an acoustic probe
according to claim 9, characterized in that the selective
etching is done by laser.
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11. A method for the manufacture of an acoustic probe
according to claim 10, characterized in that the acoustic
matching material is an epoxy resin charged with particles of
tungsten and/or aluminium oxide, the ground electrode is a
copper-metallized polyimide film, the laser being a CO,
laser emitting in the infrared.

12. A method for the manufacture of an acoustic probe
according to claim 10, characterized in that the energy
density of the laser beam is some Joules per cm?.
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13. A method for the manufacture of an acoustic probe
according to one of the claims 9 to 12, characterized in that
it comprises the depositing of two layers of acoustic match-
ing materials with different values of impedance so as to
define elements (Aij,) with impedance close to that of the
piezoelectric transducers (Tij) and elements (Aij,) with
impedance close to that of the propagation medium of the
probe.



