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Description

[0001] The invention relates to an ultrasound probe
particularly for diagnostic purposes, the ultrasound probe
comprising the features according to the preamble of
claim 1.

[0002] A probe according to the preamble of claim 1
is disclosed in document US 5,724,976. According to this
document an ultrasound probe comprises an array of
transducers capable of generating ultrasound waves
and/or transforming impinging waves in electric signals
and being housed in a probe casing. Each transducer is
provided with at least a signal transmission line being
connected or connectable with a conductor of a multi-
channel cable. Part or all transducers are connected with
a separate preamplifier to the corresponding conductor
of the multi-channel cable and the preamplifiers are
housed inside the probe casing.

[0003] DocumentUS 6,654,145 discloses a printed cir-
cuit board for connecting to a transducer array of an ul-
trasound probe. In this case the circuit is provided with
a disposition of integrated circuits for amplification.
[0004] The above described structures are typical
structures of a so called ultrasound probe, particularly
for the ultrasound probes used for ultrasound diagnostic
imaging. Ultrasound transducers are piezoelectric ele-
ments, typically ceramic elements, which upon excitation
with an electric potential are driven to oscillations of the
crystal lattice which generate mechanical waves in the
frequency range of the ultrasound acoustic waves. The
frequency of the waves and the shape and spectral com-
position of the ultrasound waves generated depends on
the frequency, shape and spectral composition of the
electric excitation pulse.

[0005] On the other hand ultrasound transducers are
capable of generating electric signals upon mechanical
excitation of their crystal lattice by impinging mechanical
waves. Frequency range, shape and spectral composi-
tion of the generated electric signal depends on frequen-
cy range, shape and spectral composition of the imping-
ing acoustic waves.

[0006] The same transducer array may be used alter-
natively as a receiving and as an emitting device for ul-
trasound waves converting electric excitation pulses into
acoustic pulses and acoustic excitation pulses in electric
pulses.

[0007] In a typical ultrasound probe a so called trans-
mission and receipt switch is provided which after each
excitation by electric signals determining the emission of
acoustic waves turns the conductors of the electric sig-
nals associated to the transducers to a receipt section of
an ultrasound system by which the electric signals gen-
erated by the impinging reflected acoustic waves are
elaborated in order to extract information such as for ex-
ample image data. Due to the fact that the probe is con-
nected to the said section by means of a cable having a
certain length having a high capacity with respect to the
power of the electric signals generated by the transduc-
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ers upon acoustic excitation it would be desirable to have
each transducer further connected to a preamplifier, or
just a signal follower, which enhances the signal power
in order to allow its conduction through the cable thus
improving the sensitivity and/or the bandwidth.

[0008] The problem of the power of the electric signal
does not arise for the excitation signals sent to the trans-
ducers, since a dedicated section generates these sig-
nals and the power of the signals can be adjusted easily
at a level ensuring the correct transmission to the trans-
ducers.

[0009] Nevertheless in using the same transducers for
emission of ultrasound waves and for receipt of ultra-
sound waves causes some problems for the preamplifi-
ers that have to be rather complex, since, due to the fact
that the same conductor line is used for transmitting the
excitation signal to the transducers and for collecting the
receipt signal generated by impinging reflected ultra-
sound waves from the transducers, the preamplifiers
need a decoupling section for avoiding shortcuts during
transmission of the excitation signals to the transducers.
[0010] These decoupling circuits need several compo-
nents which increase the physical dimensions of the
preamplifier in a dramatic way. The dimensional part of
the preamplifier due to the decoupling circuits can be
even greater that the one needed for the preamplifier
itself. Furthermore the decoupling circuits give rise to ma-
jor costs due to a more complicated structure of the
preamplifier and to higher costs for miniaturization by
means of the actual techniques of integration.

[0011] On the other hand the use of the same array of
transducer for generating and emitting the ultrasound
transmission waves and for receiving the reflected ultra-
sound waves allows to reduce the dimensions and the
weight of the probe itself which, particularly for diagnostic
applications, is very important due to the fact that the
probe is manipulated mostly by hand.

[0012] Providing two different array of transducers one
of which is only dedicated to generating the ultrasound
transmission waves and the second of which is only ded-
icated to receiving the reflected or impinging ultrasound
waves would overcome the above mentioned problems.
On the other hand considering matching of the acoustic
impedance, acoustic separation and electric separation
of the two transducer arrays this solution would lead to
a considerable increase of the dimensions and of the
weight of the probe.

[0013] Another possible way of solving the above prob-
lem would consist in using only part of the transducer of
the array for generating and transmitting the ultrasound
waves and part of the transducers of the array only for
receiving the impinging or reflected ultrasound waves.
Also this solution solves the above mentioned problems.
No increase in the overall dimensions of the probe would
be caused by this solution but on the other hand using
only part of the transducers for transmitting and for re-
ceiving the ultrasound waves would cause a reduction
of the quality of the data extracted from the reflected ul-
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trasound beams such as power of the reflected ultra-
sound waves and image definition.

[0014] A third aspect has further to be considered
which has a particular relevance in ultrasound diagnostic
imaging and which is related to the matching layers.
These layers must match the acoustic impedance of the
transducers with the one of the body under examination
but the matching must be achieved without reducing the
bandwidth of the probe either for the case of the trans-
mission of the ultrasound waves and in the case of the
receipt of the reflected ultrasound waves. This aspect is
relevant in the case two different arrays of transducers
would be used independently for transmission and for
receipt of the ultrasound waves. Thus using two separate
arrays of transducers laid one over the other would cause
problems for matching the acoustic impedance and fur-
thermore for ensuring at the same time the expected or
needed pass bandwidth.

[0015] The object of the present invention is to provide
an ultrasound waves transmitting and receiving probe
having a simplified and dimensionally limited array of
preamplifiers for the electric receipt signals generated by
the transducer of the array dedicated to the receipt of the
reflected or impinging ultrasound waves.

[0016] At the same time the invention has the aim to
provide an improved ultrasound waves transmitting and
receiving probe which allows to overcome the above
mentioned problems of the known probes by providing
separate ultrasound waves transmission and receipt ar-
ray of transducers without taking into account an exces-
sive dimensional increase of the probe.

[0017] The invention achieves the above mentioned
aims by means of an ultrasound probe of the kind de-
scribed at the beginning according to the preamble of
claim 1 and further comprising the features of the char-
acterising part of claim 1.

[0018] One advantageous embodiment provides for a
probe having a first array of transducers being intended
only forgenerating and transmitting the ultrasound waves
and a second array of transducers being provided laid
over the first transducer array which second array of
transducers is intended only for generating the electric
signals due to acoustic excitation of the transducers of
the said second transducer array by means of the im-
pinging or of the reflected ultrasound waves.

[0019] The said second array of transducers is formed
by a material having piezoelectric behaviour and an
acoustic impedance intermediate to the one of the first
array of transducers and of the body under examination,
forming at the same time one of the matching layers cov-
ering the first array of transducer on the side thereof ori-
ented in the direction of propagation of the ultrasound
waves emitted by the said first array of transducers.
[0020] The second array of transducers comprises
transducers made of Polivinilchloride PVC or polivinilid-
ilenefluoride PVDF.

[0021] Each transducer of the second array is coupled
to two electrodes one for collecting the electric signal
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generated due to acoustic excitation of the transducer
by means of the reflected beams and the other connected
to ground potential.

[0022] Typically, transducers of an array are mechan-
ically integrated in a layered pack which is formed by the
transducers themselves which are spaced one from the
other, the spaces between the transducers being filled
with a filling and bonding material.

[0023] The transducer array in the form of a pack can
comprise also the electrodes which are formed by an
array of electrodes, each electrode of the array coinciding
with a surface of one transducer and the array of elec-
trodes being in the form of a layer.

[0024] Also typically the pack is formed by a first elec-
tric contact layer consisting in a first array of contact elec-
trodes on which a layer of coinciding transducers is pro-
vided, and a second layer of contact electrodes compris-
ing an array of second electrodes which second contact
electrodes are coincident with the transducers and which
second layer is laid on the transducer array, the filling
material being provided for bonding the said array layers
of transducers and contact electrodes in a pack.

[0025] Each contact electrode of each array of contact
electrode is separately connected to a wire for connecting
the electrode to the ground potential or to an electric ex-
citation signal generating unit or to an electric signal re-
ceiving unit.

[0026] This construction is a typical construction of an
array of ultrasound transducers and is identical for the
first and for the second array of transducers respectively
dedicated to emitting the ultrasound waves and to receiv-
ing the reflected or impinging ultrasound waves.

[0027] Different ways of producing the pack of trans-
ducers with the contact electrodes are used and any of
this ways can be used in combination with the present
invention.

[0028] Typically the contact electrodes associated to
the transducers are layered on two opposite sides of the
said transducers for example by vapour deposition or by
plasmadeposition. The conductors connecting the signal
transmitting or receiving lines can be formed by conduc-
ing tracks provided on a substrate in the form of a printed
circuit or the like.

[0029] The conductor for connecting to ground poten-
tial the ground electrodes of the transducers can consist
simply by a continuous layer or thin plate of conductive
material.

[0030] The electrodes can be applied to the transduc-
ers in several ways as for example bonding to two op-
posed surfaces of a transducer having the form of a small
block a conducting sheet, or deposing a conducting layer
on the said surfaces of the transducers by means of va-
porization or by means of plasma deposition or by means
of other known techniques.

[0031] In combination with a probe configuration ac-
cording to the present invention and comprising a first
array of ultrasound wave emitting transducers and a sec-
ond array of ultrasound wave receiving transducers, the
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present invention suggests a receipt signal preamplifier
having a very simple, cheap and small construction.
[0032] The preamplifier comprising only a tension fol-
lower together with the typical resistors for correctly driv-
ing the tension follower and a decoupling circuit compris-
ing two antiparallel diodes.

[0033] Ina preferred embodiment, the tension follower
consist in only a Fet component.

[0034] The tension follower in the form of the Fet and
the typical resistors for correctly driving it and the decou-
pling circuit formed by the two anti-parallel diodes is re-
alized preferably as an integrated circuit.

[0035] Due to the fact that the preamplifier and the as-
sociated decoupling circuit consist in very few electronic
basic components, producing an integrated circuit com-
prising all these components is very cheap and the re-
sulting integrated circuit has very small dimensions. This
allows to generate very large arrays of preamplifiers
which can be housed within the probe casing without
requesting huge dimensions of the probe casing and thus
maintaining the probe casing within dimensional limits
which allows a comfortable handling.

[0036] Also from the point of view of the weight, the
probe according to the present invention can be easily
maintained within acceptable weight limits concerning
the comfort of handling the probe.

[0037] A probe according to the present invention can
be so easily provided with arrays of transducers having
a larger amount of transducers without having to take
into account bigger dimensions and or an increased
weight of the probe casing and thus incurring in uncom-
fortable handling of the probe.

[0038] The preamplifiers of the receipt signals can be
also distributed on two arrays which are mounted each
one on a side of the printed circuit board.

[0039] Furthermore the preamplifiers can be distribut-
ed on two or more arrays each mounted on one circuit
board.

[0040] More than two arrays of preamplifiers can be
mounted on both sides of two or more printed circuit
boards, depending on the total number of the arrays.
[0041] So for example if the preamplifiers are distrib-
uted on four arrays, two circuit boards can be provided
each one carrying two arrays, each one of which two
arrays is mounted on a side of the printed circuit board.
[0042] In a probe of essentially conventional shape
with a casing having an elongated form in a direction
parallel to the direction of propagation of the emitted ul-
trasound waves and which casing forms a handle for
holding the probe having two opposite ends one of which
carries the arrays of transducers and from the other of
which ends a multi-channel cable departs for connecting
the probe to an ultrasound system, the one or more print-
ed circuit boards carrying the array or the arrays of
preamplifiers are positioned in the axial direction of the
probe casing.

[0043] The printed circuit board or boards are prefer-
ably provided parallel to the sides of the probe casing
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which are parallel to the longer sides of the arrays of
transducers and at the end facing the arrays of transduc-
ers the printed circuit board or boards can be provided
with contact termination pins of the conductive tracks pro-
vided on them or with a connector.

[0044] The array or the arrays of contact electrodes of
the array or of the arrays of transducers are provided with
aconnector orwith contact termination pins the said print-
ed circuit board being along one or both of the said longer
sides, which contact termination pins or which connector
is complementary to the one provided on the printed cir-
cuit board in order to generate at least an electric con-
nection by soldering together coinciding contact pins or
to generate a disengageable electric and mechanical
connection by means of the connectors.

[0045] It is also possible to provide a printed circuit
board also along each side of the probe casing parallel,
or tangential to three or to four or to more of the sides of
the array of transducers, the arrays of contact electrodes
being provided with a connector or with a contact termi-
nation pins on each of the said sides.

[0046] As to the way of realizing the connectors or the
contact termination pins of the array of electrodes several
alternatives are known to skilled person from the state
of the art and forms part of the ordinary knowledge or
skill of the skilled person.

[0047] Relating to the construction of a conventional
probe more details are disclosed in the documents US
6,049,159 and US 4,686,409.

[0048] Further improvements of the present ultra-
sound probe according to the invention are subject matter
of the depending claims.

[0049] The features of the present invention and the
advantages deriving therefrom will appear more clearly
from the following description of a preferred embodiment
and whichisillustrated in the annexed drawings, in which:

Figure 1 illustrates a perspective view of the con-
struction of the ultrasound emitting and transmitting
head of a conventional probe according to the state
of the art.

Figure 2 illustrates an enlarged view of the probe
head according to figure 1.

Figure 3 illustrates a schematic view of the principle
according to which the said probe head of figures 1
and 2 is constructed.

Figure 4 illustrates a perspective view of the con-
struction of the ultrasound emitting and receiving
head of an ultrasound probe according to the present
invention.

Fig. 5is an enlarged view of a particular of the probe
head according to figure 4.

Fig. 6 is a schematic view of the principle of the con-
struction of the probe head according to the present
invention and to figures 4 and 5.

Fig. 7 is a simplified block diagram of a particular
preamplifier which can be applied in combination
with the probe according to the present invention.
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[0050] Referring tofigures 1 to 3, a conventional probe
is illustrated therein.

[0051] The conventional probe comprises an ultra-
sound waves emitting and receiving head 1 which has a
front side from which the ultrasound waves are emitted
in the direction against a body under examination or
against another kind of target and on which the reflected
ultrasound waves orincoming ultrasound waves falls and
are sensed. The ultrasound head has a back side which
is opposite to the said front side and which is oriented
towards the inside of a probe casing (not illustrated) and
towards means for supporting the said probe head pro-
vided inside the said probe casing.

[0052] The said probe head comprises, in an order
starting form the back side of the said head towards the
front side of the said head, which order corresponds also
to the direction of propagation of the emitted ultrasound
waves, a first layer 101 formed by an array of contact
electrodes. Each contact electrode of this layer 101 of
contactelectrodes has a separate electric connection line
to a corresponding contact pin on a contact termination
provided along at least one edge of the layer of contact
electrodes and indicated with 201.

[0053] Onthelayerformed by the array of contact elec-
trodes, a layer 301 formed by an array of piezoelectric
elements such as ceramic elements is laid. Each one of
the piezoelectric elements forms an emitting and receiv-
ing transducer. The single transducers are each one co-
incident and in electric contact with one of contact elec-
trodes of the layer 101. A further layer of conductive ma-
terial 401 is laid on the layer 301 formed by the array of
transducers, i.e. of piezoelectric elements the said con-
ductive material of the layer 401 being in electric contact
with each one of the said piezoelectric elements and is
connected to ground potential by means of a contact ter-
mination 501. Since the said layer 401 of conductive ma-
terial forms the ground electrode of the transducers of
the layer 301. The said layer 401 may be in the form of
an array of ground electrodes, but since the ground po-
tential is common to every of the transducers of the layer
301 there is no need to provide separate ground elec-
trodes for each transducer, so that the said layer 401 can
be easily formed by a continuous layer of conductive ma-
terial. On the contrary the layer 101 of contact electrodes
must be in the form of an array of at least electrically
separated contact electrodes since each one of the said
contact electrodes has the function of feeding the electric
excitation signal to the associated transducer and of col-
lecting the electric receipt signal from the associated
transducer when the said transducer is mechanically ex-
cited by an impinging ultrasound wave.

[0054] On the grounded conductive layer 501 two fur-
ther matching layers are provided which are indicated
with numerals 601 and 701. These two layers has the
function of adapting the acousticimpedance of the trans-
ducers to the acoustic impedance of the body under ex-
amination or of the target. Normally two layers are used
in order to provide to a progressive stepwise adaptation

10

15

20

25

30

35

40

45

50

55

which also allows to maintain a sufficiently large band-
width for the passing ultrasound waves.

[0055] Typically the first matching layer 601 is made
of a material having an acoustic impedance of about 3
to 3.6 MRayl and the second matching layer 701 has an
acoustic impedance of about 2 MRayl.

[0056] As alastelement on the second matching layer
701 an acoustic lens 801 is placed which forms the in-
terface between the said head of the probe and the sur-
face of a body under examination or a target body.
[0057] The contact terminations 201 and 501 of the
layer 101 formed by the array of contact electrodes and
of the layer 501 formed by the grounded conductive ma-
terial are electrically and mechanically connected to a
printed circuit board 2 which is provide with the necessary
conductive tracks which are connected to a probe con-
nection cable (non illustrated) and which cable connects
the probe with an ultrasound apparatus as for example
an ultrasound imaging apparatus.

[0058] Typically as indicated in figure 3, the single pi-
ezoelectric elements indicated by 30 which forms the sin-
gle transducers of the array of transducers of the layer
301 are connected by means of the contact electrodes
10 associated to the said piezoelectric elements 30 by
means of a common signal feeding line 31 for the electric
exciting signal STX of the piezoelectric element and for
the electric receipt signal SRX generated by the piezoe-
lectric elements to the corresponding units of the ultra-
sound apparatus, namely respectively an excitation sig-
nals generating unit and a receipt signals evaluating unit
non illustrated in detail.

[0059] Since the probe connection cable, which is typ-
ically a multi-channel cable, has a certain capacitance
and the receipt signals generated by the transducers
have not sufficient power to overcome the capacitance
of the said probe connecting cable, in order to increase
the sensitivity and/or the bandwidth it would be desirable
to connect each sRx line to a corresponding preamplifier.
The preamplifiers should be provided in the path of the
receipt signals before reaching the probe connection ca-
ble and thus inside the probe casing.

[0060] However, due to the fact that a unique and com-
mon signal feeding line is provided for the excitation sig-
nals sTx and for the receipt signals sRx, the preamplifiers
should be provided with complex decoupling circuits
which avoid shortcuts during feeding of the electric exci-
tation signals to the transducers. In fact, without such
complex decoupling circuits, the output of any preampli-
fier would be short-cut with its input as the sRx and sTx
share the common signal feeding line 31 as shown in
figure 3. In order to reduce the dimensions of the single
preamplifiers and of the associated decoupling circuits a
high integration has to be carried out for these devices
in order to reach a sufficiently small dimension that allows
to fit the said devices all inside the probe casing. Thus
costs of the preamplifiers are relatively high also consid-
ering the large number of these preamplifiers.

[0061] Regarding to figure 3, there has to be noted that
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the single piezoelectric elements 30 of the array of trans-
ducers of layer 301 are normally bond together at a dis-
tance by means of bonding material indicated with 32
and which bonding material is normally an acoustic wave
absorber so to suppress the laterally emitted waves by
the transducers. These technique is well known and com-
mon to all the arrays of transducers of ultrasound probes.
[0062] In the conventional probe according to figures
1 to 3, the array of transducers forming layer 301 has at
the same time the function of emitting and of receiving
the ultrasound waves so that the signal feeding lines for
the excitations signals and for the receipt signals are forc-
edly the same one since they are short circuited at least
at the level of the contact electrodes.

[0063] Figures 4, 5 and 6 illustrate a probe according
to an embodiment in which two separated array of trans-
ducers are provided. One solely for emitting the ultra-
sound waves and the other only for receiving ultrasound
waves.

[0064] Inthefigures 4 to 6 the same numerals are used
for indicating similar parts or parts having the same func-
tion as in the figures 1 to 3.

[0065] As it can be appreciated by simply comparing
the structure of the probe head according to figure 4 to
6 with the one according to figure 1 to 3, in the probe
head according to figure 4 to 6, the second matching
layer 701 has been substituted by a layer 70 formed by
an array of piezoelectric elements i.e. of transducers 30'.
To this layer there are associated a dedicated further
layer formed by an array of contact electrodes 101’ and
a dedicated further layer 401’ formed by electric conduc-
tive material and forming the second electrode connected
to ground potential of the second array of transducers of
layer 70. Obviously once the layer 70 formed by the array
of piezoelectric elements is provided the two other layers
formed by the array of contact elements and by the con-
ductive material connected to ground potential become
forcedly necessary if the said array of transducers has
to be used in order to be excited or to generate electric
receipt signals.

[0066] According tothe embodimentthe array of trans-
ducers of the first layer 301 are only used for emitting
ultrasound waves, while the said second array of trans-
ducers of layer 70 which are closer to the object under
examination in the order of the layers are only used for
generating the receipt signals due to the mechanical ex-
citation of the transducers by means of the impinging
reflected ultrasound waves.

[0067] Inordernottocreate a prejudice to the matching
of the acoustic impedance needed for the emitted ultra-
sound waves, this second array of transducers of the
layer 70 is made by a piezoelectric material having an
acoustic impedance which is comparable to the one of
usual second matching layers as disclosed above in re-
lation to the known probes.

[0068] A material showing the said values of acoustic
resonance and a suitable piezoelectric behaviour is pol-
yvinylchloride PVC or Polyvinyldilene fluoride PVDF.
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[0069] Thus the probe according to the embodiment
provides a second layer 70 formed by an array of piezo-
electric elements, i.e. transducers which are made of one
of the said materials, thus ensuring both the necessary
matching for the ultrasound waves emitted by the first
array of emitting transducers which is provided back-
wards of the said layer 70 formed by the second array of
receiving transducers and the necessary piezoelectric
behaviour so that the mechanical excitation exercised by
the impinging ultrasound waves is transformed in a cor-
responding electric signal.

[0070] Forthe arrayofreceiving transducers no match-
ing layer is necessary so that no further matching layer
is needed between the said array of transducers and the
body under examination. Furthermore, due to the fact
that the said second array of receiving transducers is not
covered by the matching layers as in the conventional
probe heads and that it is closer to the body under ex-
amination from which the impinging or reflected ultra-
sound waves arrives provides for higher intensity of the
impinging waves.

[0071] By separating the transducers for emitting the
ultrasound waves and for receiving the said ultrasound
waves has the advantage that separated feeding lines
respectively for the excitation signals sTx and for the re-
ceipt signals sRx are possible. This is highlighted sche-
matically in figure 6 where the feeding lines for the exci-
tation signals sTx are indicated with numeral 31 and the
feeding lines for the receipt signals sRx are indicated with
31

[0072] Normally however for avoiding an increase of
the separate conductors in the probe connection cable
the said separated signal feeding lines 31, 31’ relative to
the same or to corresponding transducers of the two ar-
rays of transducers are connected together to a common
conductor of the multi-channel cable for connecting the
probe to the ultrasound apparatus and respectively to
the unit generating the electric excitation signals and to
the unit evaluating the electric receipt signals. This con-
nection takes place however at the level of the output
line 31" of the preamplifier 3 of the same or correspond-
ing transducer of the second array of transducers so that
if at all decoupling is necessary this can be carried out
with a very simple decoupling unit which does not lead
to a considerable increase in circuital complexity.
[0073] Thus in order to reduce the dimensions of the
single preamplifiers and eventually of the simple decou-
pling unit there is no need to carry out an extreme inte-
gration and miniaturization process reducing the costs
of each preamplifier.

[0074] An example of a simple preamplifier and of the
simple decoupling circuit associated to it is illustrated in
figure 7. The preamplifier is formed by a Fet 40 which is
associated to typical elements for correctly driving such
a component as an inductance | and resistance R1, re-
sistance R2 and resistance R3. The receipt signal sRx
generated by a transducer 30’ and collected by its elec-
trode 10’ is fed to the Fet 40 by means of the signal feed-
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ing line 31°. The Fet 40 output is connected by means of
an outputline 31" to a conductor of a multi-channel probe
connection cable. The same conductor is used for trans-
mitting the excitation signal sTx to the transducer 30 of
the first array of emitting transducers by means of the
separated feeding line 31 which connects the said con-
ductor to the contact electrode 10 of the said emitting
transducer 30. A decoupling circuit basically formed by
two diodes D1, D2 connected in an anti-parallel way is
provided for avoiding that the excitation signal sTx is fed
also to the Fet via its output line 31".

[0075] As it appears clearly from the above both the
preamplifier and the decoupling circuit are very simple
and the number of components is very low so that no
high integration has to be carried out in order to reduce
the said circuits to dimensions allowing the said pream-
plifiers to be housed within the probe casing.

[0076] As it appears clearly form figure 4 the pream-
plifiers 3 can be mounted in form of an array of pream-
plifiers on a printed circuit board 4.

[0077] The printed circuit board 4 is provided with con-
ductive tracks forming each one a separate input channel
to a preamplifier 3 which input channel is connectable or
connected to the signal feeding line of a contact electrode
of one selected transducer of the second array of receiv-
ing transducers which forms the layer 70 of the probe
head. A separate output line departs from each pream-
plifier 3 which ends at a corresponding pin of a
connector . The connectoris made of two parts one stably
connected to the said output lines and the other comple-
mentary part stably connected to the multi-channel cable
for connecting the probe to a ultrasound system.
[0078] The printed circuit board 4 is provided also with
conductive tracks forming the channels for the excitation
signals which conductive tracks are connected on one
side to the feeding lines of the said excitation signals
leading each one to a contact electrode 10 of the array
of contact electrodes associated to the first array of emit-
ting transducers forming the layer 301 of the probe. The
said conductive tracks are connected at the opposite
ends to the connector pins to which the output lines of
the preamplifiers 3 are connected, which preamplifiers 3
are associated to the same or corresponding transducer
of the second array of receiving transducers forming the
layer 70 of the probe head.

[0079] Thusthe multi-channel cable for connecting the
probe to the apparatus has a common channel in form
of acommon conductor for each couple of corresponding
transducers of the first and of the second array of trans-
ducers provided in the probe head.

[0080] As it appears from figure 4, the probe may be
provided with two printed circuit boards each one carrying
a partial array of preamplifiers 4. Furthermore the printed
circuitboards may be of the kind having conductive tracks
on both sides (double sided printed boards) so that a part
of the total number of preamplifiers is arranged on each
side of each of the printed circuit boards.

[0081] As it appears also from figure 4, the printed cir-
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cuit boards 4 carrying the preamplifiers 3 are positioned
in the probe casing along the longitudinal sides of the
probe casing having the major width, since normally the
probe head has a essentially rectangular symmetry. Ac-
cording to a variant, the printed circuit boards could be
positioned along three or four sides of the probe casing
and extend in the direction of the longitudinal axis of the
probe which normally is essentially perpendicular to the
probe head. Normally the probe casing has an elongated
shape in a direction perpendicular to the probe head and
the part extending backwards away from the probe head
forms the probe handle. The part of the casing forming
the handle has normally a rounded cross section so that
the printed circuit board are placed along the sides of a
parallelepipedon having a polygonal cross section which
is inscribed in the rounded cross section of the part of
the casing forming the handle.

[0082] Many variants of the disposition of the printed
circuit boards can be chosen depending on the final
shape of the probe casing and the above cited are only
non limiting examples of preferred embodiments of ar-
ranging the printed circuit boards carrying the arrays of
preamplifiers 3.

Claims

1. An ultrasound probe particularly for diagnostic pur-
poses, the ultrasound probe comprising:

an array of ultrasound transducers (30’) capable
of transforming ultrasound waves impinging on
them in electric receipt signals;

the array of ultrasound transducers (30’) being
housed in a probe casing and forming a layer
(70);

each ultrasound transducer (30’) of the array be-
ing provided with at least a signal transmission
line;

each signal transmission line being connected
or connectable with a conductor of a multi-chan-
nel cable;

at least part of the ultrasound transducers (30’°)
or all of the ultrasound transducers (30’) being
connected with a separated preamplifier (3) for
the electric receipt signals to the corresponding
conductor of the multi-channel cable;

the said preamplifiers (3) being housed inside
the probe casing; characterised in that

the preamplifiers (3) are in the form of integrated
circuits mounted in an array disposition on a
printed circuit board (4) comprising conductive
tracks, wherein at least part of each one of said
conductive tracks is a separated receipt signal
feeding channel or line (31°) connecting one of
the preamplifiers (3) with one of the ultrasound
transducers (30’) of the array,

characterised in that said printed circuit board
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(4) being housed in the probe casingin a position
such that the printed circuit board (4) is trans-
versal or perpendicular to the layer (70) formed
by the array of ultrasound transducers (30’).

An ultrasound probe according to claim 1 , charac-
terised in that each preamplifier (3) comprises only
a tension follower together with typical passive com-
ponents for correctly driving the tension follower

An ultrasound probe according to claim 2, charac-
terised in that a decoupling circuit comprising two
antiparallel diodes is associated to each tension fol-
lower.

An ultrasound probe according to claim 2, charac-
terised in that each tension follower consists in only
a Fet component.

An ultrasound probe according to one or more of the
preceding claims, characterised in that the pream-
plifiers (3) are distributed on two arrays which are
mounted each one on a side of the printed circuit
board (4), which is double sided.

An ultrasound probe according to one or more of the
preceding claims 1 to 4, characterised in that the
preamplifiers (3) are distributed on two or more ar-
rays each mounted on one said printed circuit board

(4).

An ultrasound probe according to one or more of the
preceding claims 1 to 4, characterised in that more
than two arrays of preamplifiers (3) are mounted on
both sides of two or more double sided printed circuit
boards (4) each being the said printed circuit board
(4), depending on the total number of the arrays of
preamplifiers.

An ultrasound probe according to one or more of the
preceding claims 1 to 4, characterised in that the
probe casing has a shape with an elongated form in
an axial direction parallel to the direction of propa-
gation of emitted ultrasound waves and which casing
forms a handle for holding the probe having two op-
posite ends, one of which carries the array, of ultra-
sound transducers (30’) and from the other of which
ends a multi-channel cable departs for connecting
the probe to an ultrasound system, wherein the print-
ed circuit board (4) carrying the preamplifiers (3) is
positioned in the axial direction of the probe casing.

An ultrasound probe according to claim 8, charac-
terised in that the printed circuit board (4) is pro-
vided parallel to axial sides of the probe casing which
are parallel to longer sides of the array of ultrasound
transducers (30’), wherein at an end facing the array
of ultrasound transducers (30’) the printed circuit
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board (4) is provided with contact termination pins
of the conductive tracks provided on it or with an
engageable and disengageable connector, wherein
the array of ultrasound transducers (30’) comprises
an array of contact electrodes provided with a con-
nector or with contact termination pins along one of
said longer sides, said contact termination pins or
said connector of the array of contact electrodes be-
ing complementary to the one provided on the print-
ed circuit board (4) in order to generate at least an
electric connection by soldering together coinciding
contact termination pins or to generate a disengage-
able electric and mechanical connection by means
of the connectors.

10. An ultrasound probe according to claim 9, charac-

terised in that one said printed circuit board (4) is
provided along each said axial side of the probe cas-
ing, one said array of contact electrodes with said
connector or with said contact termination pins being
provided along each of said longer sides.

Patentanspriiche

Ultraschallsonde insbesondere fiir Diagnosezwek-
ke, wobei die Ultraschallsonde umfasst:

eine Anordnung von Ultraschallképfen (30°), die
in der Lage sind, auf sie auftreffende Ultraschall-
wellen in elektrische Empfangssignale umzu-
wandeln;

wobei die Anordnung von Ultraschallkdpfen
(30’)ineinem Sondengehause untergebrachtist
und eine Schicht (70) bildet;

wobei jeder Ultraschallkopf (30’) der Anordnung
mit zumindest einer Signallibertragungsleitung
ausgestattet ist;

wobei jede Signallbertragungsleitung mit ei-
nem Leiter eines Mehrkanalkabels verbunden
oder verbindbar ist;

wobei zumindest ein Teil der Ultraschallkopfe
(30’) oder alle Ultraschallkdpfe (30°) mit einem
separaten Vorverstarker (3) fur die elektrischen
Empfangssignale zu dem entsprechenden Lei-
ter des Mehrkanalkabels verbunden ist;

wobei die Vorverstarker (3) innerhalb des Son-
dengehauses untergebracht sind; dadurch ge-
kennzeichnet, dass

die Vorverstarker (3) in Form von integrierten
Schaltungen ausgebildet sind, die in einer Grup-
pierungsanordnung auf einer Leiterplatte (4) an-
gebracht sind, welche Leiterbahnen umfasst,
wobei zumindest ein Teil einer jeden der Leiter-
bahnen einen separaten Empfangssignal-Zu-
fuhrkanal oder eine separate Empfangssignal-
Zufuhrleitung (31°) darstellt, welche(r) einen der
Vorverstarker (3) mit einem der Ultraschallkopfe
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(30") der Gruppierung verbindet,

wobei die Leiterplatte (4) in einer solchen Posi-
tion innerhalb des Sondengehduses unterge-
bracht ist, dass die Leiterplatte (4) quer oder
senkrecht zu der Schicht (70) verlauft, die durch
die Gruppierung von Ultraschallképfen (30°) ge-
bildet ist.

Ultraschallsonde nach Anspruch 1, dadurch ge-
kennzeichnet, dass jeder Vorverstarker (3) nur ei-
nen Spannungsfolger zusammen mit typischen pas-
siven Komponenten zum korrekten Ansteuern des
Spannungsfolgers umfasst.

Ultraschallsonde nach Anspruch 2, dadurch ge-
kennzeichnet, dass jedem Spannungsfolger eine
Entkopplungsschaltung zugeordnet ist, die zwei an-
tiparallele Dioden umfasst.

Ultraschallsonde nach Anspruch 2, dadurch ge-
kennzeichnet, dass jeder Spannungsfolger aus nur
einer FET-Komponente besteht.

Ultraschallsonde nach einem oder mehreren der
vorangehenden Anspriiche, dadurch gekenn-
zeichnet, dass die Vorverstarker (3) auf zwei An-
ordnungen verteilt sind, von denen eine jede an einer
Seite der Leiterplatte (4), welche doppelseitig aus-
gebildet ist, angebracht ist.

Ultraschallsonde nach einem oder mehreren der
vorangehenden Anspriiche 1 bis 4, dadurch ge-
kennzeichnet, dass die Vorverstarker (3) auf zwei
oder mehrere Anordnungen verteilt sind, wobei eine
jede auf einer solchen Leiterplatte (4) angebracht ist.

Ultraschallsonde nach einem oder mehreren der
vorangehenden Anspriiche 1 bis 4, dadurch ge-
kennzeichnet, dass mehr als zwei Anordnungen
von Vorverstarkern (3) jeweils an beiden Seiten von
zwei oder mehreren, doppelseitig bestiickten Leiter-
platten (4) angebracht sind, wobei eine jede jeweils
die Leiterplatte (4) darstellt, und zwar in Abhangig-
keit von der Gesamtanzahl der Anordnungen von
Vorverstarkern.

Ultraschallsonde nach einem oder mehreren der
vorangehenden Anspriiche 1 bis 4, dadurch ge-
kennzeichnet, dass das Sondengehause eine Ge-
stalt mit einer langlichen Form in einer axialen Rich-
tung parallel zu der Ausbreitungsrichtung von emit-
tierten Ultraschallwellen aufweist, und wobei das
Gehause einen Griff zum Halten der Sonde mit zwei
entgegengesetzten Enden aufweist, von denen ei-
nes die Anordnung von Ultraschallkdpfen (30’) tragt
und sich von dem anderen der Enden weg ein Mehr-
kanalkabel zum Verbinden der Sonde mit einem Ul-
traschallsystem erstreckt, wobei die Leiterplatte (4),
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10.

welche die Vorverstarker (3) tragt, in der axialen
Richtung des Sondengehduses positioniert ist.

Ultraschallsonde nach Anspruch 8, dadurch ge-
kennzeichnet, dass die Leiterplatte (4) parallel zu
axialen Seiten des Sondengehduses vorgesehen
ist, welche parallel zu Langsseiten der Anordnun von
Ultraschallképfen (30’) verlaufen, wobei die Leiter-
platte (4) an einem der Anordnung von Ultraschall-
koépfen (30’) gegentiberliegenden Ende mit Kontakt-
anschlussstiften der auf ihr vorgesehenen Leiter-
bahnen oder mit einem aufsteckbaren und abzieh-
baren Stecker versehen ist, wobei die Anordnung
von Ultraschallképfen (30°) eine Anordnung von
Kontaktelektroden umfasst, die entlang einer der
Langsseiten mit einem Stecker oder mit Kontaktan-
schlussstiften versehen sind, wobei die Kontaktan-
schlussstifte oder die Stecker der Anordnung von
Kontaktelektroden zu jenen/jener komplementar
sind, die auf der Leiterplatte (4) vorgesehen sind/ist,
um zumindest eine elektrische Verbindung durch
Zusammenléten entsprechender  Kontaktan-
schlussstifte zu erzeugen oder um eine abziehbare
elektrische und mechanische Verbindung mittels der
Stecker zu erzeugen.

Ultraschallsonde nach Anspruch 9, dadurch ge-
kennzeichnet, dass eine solche Leiterplatte (4) ent-
lang jeder axialen Seite des Sondengehauses vor-
gesehen ist, wobei eine solche Anordnung von Kon-
taktelektroden mit dem Stecker oder mit den Kon-
taktanschlussstiften entlang einer jeden der Langs-
seiten vorgesehen ist.

Revendications

1.

Sonde a ultrasons, particulierement a des fins dia-
gnostiques, la sonde a ultrasons comprenant:

un groupement de transducteurs a ultrasons
(30’) apte a transformer des ultrasons incident
sur ceux-ci en signaux de réception électriques;
le groupement de transducteurs a ultrasons
(30’) étant logé dans un boitier de sonde et for-
mant une couche (70);

chaque transducteur a ultrasons (30’) du grou-
pement étant muni d’au moins une ligne de
transmission de signaux;

chaque ligne de transmission de signaux étant
connectée ou peut étre connectée a un conduc-
teur d’'un cable a canaux multiples;

au moins une partie des transducteurs a ultra-
sons (30’) ou I'ensemble des transducteurs a
ultrasons (30’) étant connectée a un préamplifi-
cateur séparé (3) pour les signaux de réception
électriques au conducteur correspondant du ca-
ble a canaux multiples;
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lesdits préamplificateurs (3) étant logés a l'inté-
rieur du boitier de sonde; caractérisée en ce
que les préamplificateurs (3) se présentent sous
la forme de circuits intégrés montés selon une
disposition de groupement sur une carte de cir-
cuit imprimé (4) comprenant des chemins con-
ducteurs, ou au moins une partie de chacun des-
dits chemins conducteurs est un canal ou ligne
d’amenée de signaux de réception séparés (31’)
connectant un des préamplificateurs (3) a un
des transducteurs a ultrasons (30’) du groupe-
ment, ladite carte de circuit imprimé (4) étant
logée dans le boitier de sonde dans une position
qui est telle que la carte de circuit imprimé (4)
soit transversale ou perpendiculaire a la couche
(70) formée par le groupement de transducteurs
a ultrasons (30’).

Sonde a ultrasons selon la revendication 1, carac-
térisée en ce que chaque préamplificateur (3) com-
prend seulement un suiveur de tension ensemble
avec des composants passifs typiques pour entrai-
ner correctement le suiveur de tension.

Sonde a ultrasons selon la revendication 2, carac-
térisée en ce qu’un circuit de découplage compre-
nantdeuxdiodes antiparalléles est associé achaque
suiveur de tension.

Sonde a ultrasons selon la revendication 2, carac-
térisée en ce que chaque suiveur de tension est
constitué par seulement un composant Fet.

Sonde a ultrasons selon I'une ou plusieurs des re-
vendications précédentes, caractérisée en ce que
les préamplificateurs (3) sont distribués sur deux
groupements qui sont montés chacun sur un coté
de la carte de circuit imprimé (4), qui est a double
face.

Sonde a ultrasons selon I'une ou plusieurs des re-
vendications précédentes 1 a4, caractérisée en ce
que les préamplificateurs (3) sont distribués sur
deux ou plusieurs groupements, chacun monté sur
une carte de circuit imprimé précitée (4).

Sonde a ultrasons selon I'une ou plusieurs des re-
vendications précédentes 1 a 4, caractérisée en ce
que plus que deux groupements de préamplifica-
teurs (3) sont montés sur les deux cotés de deux ou
plusieurs cartes de circuit imprimé double face (4),
chacune étant ladite carte de circuit imprimé (4), en
fonction du nombre total des groupements de
préamplificateurs.

Sonde a ultrasons selon I'une ou plusieurs des re-
vendications précédentes 1 a4, caractérisée en ce
que le boitier de sonde a une configuration avec une
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10

10.

forme allongée dans une direction axiale paralléle a
la direction de propagation des ultrasons émis, et
ledit boitier forme une poignée pour tenir la sonde
ayant deux extrémités opposées dont une supporte
le groupement de transducteurs a ultrasons (30’), et
de 'autre extrémité part un cable a canaux multiples
pour connecter la sonde a un systéme a ultrasons,
ou la carte de circuit imprimé (4) supportant les
préamplificateurs (3) est positionnée dans la direc-
tion axiale du boitier de sonde.

Sonde a ultrasons selon la revendication 8, carac-
térisée en ce que la carte de circuit imprimé (4) est
réalisée parallélement a des cotés axiaux du boitier
de sonde qui sont paralléles aux cétés plus long du
groupement de transducteurs a ultrasons (30’), ou
a une extrémité orientée vers le groupement de
transducteurs a ultrasons (30°), la carte de circuit
imprimé (4) est munie de broches de terminaison de
contact des chemins conducteurs réalisés sur celle-
ci ou d’'un connecteur pouvant étre mis en et hors
prise, ou le groupement de transducteurs a ultrasons
(30’) comprend un groupement d’électrodes de con-
tact munies d’un connecteur ou de broches de ter-
minaison de contact le long d’'un desdits cotés plus
longs, lesdites broches de terminaison de contact
ou ledit connecteur du groupement d’électrodes de
contact étant complémentaires a celle réalisée sur
la carte de circuitimprimé (4) pour produire au moins
une connection électrique par brasage de broches
de terminaison de contact coincidentes ou pour pro-
duire une connection électrique et mécanique pou-
vant étre mise hors prise au moyen des connecteurs.

Sonde a ultrasons selon la revendication 9, carac-
térisée en ce qu’une carte de circuit imprimé pré-
citée (4) est réalisée le long de chaque cété axial
précité du boitier de sonde, un groupement précité
d’électrodes de contact avec ledit connecteur ou
avec lesdites broches de terminaison de contact
étant réalisé le long de chacun desdits cotés plus
longs.
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