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Description
FIELD OF THE INVENTION

[0001] The present invention relates to an ultrasound
device comprising a transducer arrangement.

[0002] The present invention further relates to an ul-
trasound system comprising such an ultrasound device.
[0003] The present invention yet further relates to an
ultrasound arrangement comprising such an ultrasound
device.

BACKGROUND OF THE INVENTION

[0004] Ultrasound waves find several applications in
medicine. One such application is ultrasound imaging,
wherein ultrasound waves are emitted by an ultrasound
device comprising an array of ultrasound transducers into
the body of a patient and echoes of the ultrasound waves
are collected by the ultrasound transducers or by dedi-
cated ultrasound receivers and processed to generate
an ultrasound image, e.g. a ID, 2D or 3D ultrasound im-
age. Another application is ultrasound therapy such as
highintensity focused ultrasound (HIFU) therapy in which
ultrasound beams are generated by an ultrasound device
comprising ultrasound transducer element tiles and are
focused on diseased tissue. The significant energy dep-
osition at the focus creates local temperatures in the
range of about 65°C to 85°C, which destroys the de-
ceased tissue by coagulative necrosis.

[0005] Such applications face several challenges. For
instance, in imaging applications it is far from trivial to
achieve a good contact between the ultrasound trans-
ducer array and the part of the body to be imaged. This
is typically achieved by using special gels that improve
the contact between the ultrasound transducer array and
the body part. However, a drawback of this approach is
that usually large amounts of gel have to be used, which
may contain air bubbles that interfere with the transmis-
sion or reception of the ultrasound signals. Moreover, the
ultrasound transducer array, e.g. in the form of the probe,
is typically hand-held during animaging procedure, which
makes the procedure prone to errors.

[0006] Similar challenges exist in therapeutic applica-
tions, where the focused beam requires periodic read-
justment to treat multiple regions of the diseased tissue.
This may be done manually by adjusting a focusing ele-
menttile or by beam steering by adjustment of the relative
phases of the signals generated by the respective ultra-
sound transducer elements. The manual adjustment is
prone to inaccuracies and the range of phase controlled
beam steering may not be sufficient to reach all diseased
tissue without array displacement.

[0007] There exists a need to assess the quality of the
contact between the ultrasound transducer array and a
body to be subjected to the ultrasound waves produced
with the ultrasound transducer array, such that subopti-
mal operation of the ultrasound device due to a poor qual-
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ity conformal contact between the ultrasound transducer
array and the body can be avoided or rectified. This for
example applies to large area ultrasound transducers
and transesophageal echocardiogram (TEE) probes,
where it is notoriously difficult to establish a good contact
between the ultrasound transducers and the body region
to be imaged or treated.

US-B1-6511427 represents the closest prior art.

SUMMARY OF THE INVENTION

[0008] The present invention seeks to provide an ul-
trasound device comprising a transducer arrangement
capable of assessing the quality of the contact between
the transducer arrangement and a body to be subjected
to the ultrasound waves produced with the transducer
arrangement.

[0009] The present invention further seeks to provide
an ultrasound system including such an ultrasound de-
vice, in which the ultrasound system is adapted to adjust
its mode of operation in response to a quality assessment
of the contact between the transducer arrangement and
a body to be subjected to the ultrasound waves produced
with the transducer arrangement as provided by the ul-
trasound device.

[0010] The present invention further seeks to provide
an ultrasound arrangement including such an ultrasound
device, in which the ultrasound arrangement is adapted
to alter the contact between the transducer arrangement
and a body to be subjected to the ultrasound waves pro-
duced with the transducer arrangement in response to a
quality assessment of the contact between the transduc-
er arrangement and the body as provided by the ultra-
sound device.

[0011] According to an aspect, there is provided an
ultrasound device comprising a transducer arrangement
and an acoustically transmissive window over said ar-
rangement, said window comprising an elastomer layer
having conductive particles dispersed in the elastomer,
the elastomer layer having a pressure-sensitive conduc-
tivity, the ultrasound device further comprising an elec-
trode arrangement coupled to said elastomer layer
adapted to measure said pressure-sensitive conductivi-
ty, wherein the transducer arrangement is adapted to
generate ultrasound waves having a minimum wave-
length in a body of a patient to be exposed to the ultra-
sound waves produced and the conductive particles hav-
ing a maximum diameter of less than 10% of said mini-
mum wavelength.

[0012] The inclusion of a pressure-sensitive elastomer
layer in the acoustically transmissive window over the
transducer arrangement makes it possible to determine
the quality of the contact between the ultrasound device
and a body to be subjected to the ultrasound waves pro-
duced by the ultrasound device, as the conductivity of
the elastomer layer as formed by conductive particles in
contact with each other is a function of the applied pres-
sure to the layer. Consequently, this conductivity can be
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measured with the electrode arrangement and can be
used as an indicator of the quality of the contact between
the ultrasound device and the body.

[0013] Itis noted that pressure sensitive elastomer lay-
ers are known per se, such as from US 5,175, 214. How-
ever, the present invention is at least in part based on
the insight that such pressure sensitive elastomer layers
need to be specifically tuned in order for them to be suit-
able for use as an acoustically transmissive window. Par-
ticularly, the conductive particles in the elastomer layer
must be sized relative to the minimum wavelength of the
ultrasound waves produced by the ultrasound device in
order to minimize reflections or scattering of the ultra-
sound waves by the conductive particles.

[0014] For the same reason, the elastomer layer pref-
erably has an acoustic impedance that is matched to the
acoustic impedance of a body to be exposed to the ul-
trasound waves produced by the ultrasound device
and/or to the acoustic impedance of the transducer ar-
rangement. This ensures an efficient acoustic coupling
between the elastomer layer and the body and/or trans-
ducer arrangement, thereby minimizing losses of ultra-
sound waves, e.g. through reflection.

[0015] In an embodiment, the acoustic impedance of
the elastomer layer is in the range of 1.3-3.0 MRayls,
preferably wherein the acoustic impedance is in the
range of 1.3-1.9 MRayls. This for example makes the
elastomer layer particularly suited for use with e.g. pie-
zoelectric transducer elements and capacitive micro-ma-
chined ultrasonic transducer CMUT) elements, with the
latter transducer elements being particularly well-
matched to a elastomer layer having an acoustic imped-
ance in the range of 1.3-1.9 MRayls.

[0016] The elastomer may be a polyolefin, a diene pol-
ymer or a polysiloxane, a co-polymer or block-copolymer
comprising a polyolefin, a diene polymer or a polysi-
loxane or a blend thereof, preferably wherein the elas-
tomer is polybutadiene or polydimethylsiloxane. Such
elastomers exhibit the desired elastomer properties at
the typical temperatures at which the body is exposed to
the ultrasound waves, e.g. at room temperature or body
temperature of the patient’'s body, as well as exhibit
acoustic impedances that can be tuned by the inclusion
of conductive particles to achieve a desirable acoustic
impedance below the percolation threshold of the elas-
tomer.

[0017] The conductive particles may be any suitable
type of conductive particles such as carbon particles, car-
bon composite particles, ceramic particles, metal parti-
cles, metal alloy particles, composite metal particles and
conductive metal oxide particles or combinations thereof.
The conductive particles or a combination of conductive
particles may be selected on the basis of the desired
acousticfunctionality of the pressure-sensitive elastomer
layer, e.g. to tune the acoustic impedance of the pres-
sure-sensitive elastomer layer.

[0018] Inanembodiment, the elastomerlayer compris-
es a mixture of electrically conductive particles and non-
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conductive particles. The inclusion of non-conductive
(electrically insulating) particles may facilitate an in-
crease in the acoustic impedance of the elastomer layer.
[0019] Inanembodiment, the volume ofthe conductive
particles in the elastomer layer is at least 15% by volume
based on the total volume of the elastomer layer. It has
been foundthatregardless ofthe nature of the conductive
particles, the elastomer layers according to embodi-
ments of the present invention have good pressure sen-
sitivity if the amount of conductive particles in the elas-
tomer layer is at least 15% by volume but below the per-
colation threshold of the elastomer layer for an elastomer
layer in which conductive paths are formed by applying
pressure to the elastomer layer or above the percolation
threshold of the elastomer layer for an elastomer layer
in which conductive paths are broken by applying pres-
sure to the elastomer layer.

[0020] The elastomer layer may have a thickness in
the range of 10-200 pwm in at least some of the embodi-
ments. It has been found that an elastomer layer having
a thickness in this range exhibits a strong conductive
response to applied pressure whilst at the same time
causing minimal losses of ultrasound waves transmitted
by the transducer arrangement through the acoustically
transmissive window. In an embodiment, the elastomer
layer may form part of an impedance matching layer and
may be implemented as a A/4 layer in which A is the
wavelength of the ultrasound waves travelling through
the elastomer layer. Depending of the typical wave-
lengths of the applied ultrasound waves, such an elas-
tomer layer may have a thickness in the range of 10-100
pm.

[0021] In some embodiments, the elastomer layer is
sandwiched in between the electrode arrangement. In a
particularly advantageous embodiment, the electrode ar-
rangement comprises an electrode matrix arranged to
measure the pressure-sensitive conductivity of individual
portions of the elastomer layer. In this embodiment, par-
ticularly fine-grained information regarding the quality of
the contact between the ultrasound device and the body
to be exposed to the ultrasound waves can be obtained,
due to the fact that for each electrode cell of the electrode
matrix such contact information may be independently
obtained. The elastomer layer may be a continuous layer
or may be a patterned layer in this embodiment, with the
patterned layer comprising a plurality of elastomer layer
portions, each of said portions being arranged within one
of the cells of the electrode matrix.

[0022] The acoustically transmissive window may fur-
ther comprise a further elastomer layer having electrically
conductive particles and optionally electrically insulating
particles dispersed therein, the elastomer layer having a
temperature-sensitive electrical conductivity, the ultra-
sound device further comprising a further electrode ar-
rangement coupled to said further elastomer layer adapt-
ed to measure said temperature-sensitive conductivity.
Such a further elastomer layer may be independently op-
timized to provide temperature information in addition to
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the pressure information provided by the elastomer layer.
Such temperature information for example may be used
to measure the quality of the contact between the ultra-
sound device and the patient’'s body and/or to prevent
overheating of the ultrasound device.

[0023] According to another aspect, there is provided
an ultrasound system comprising the ultrasound device
according to any of the described embodiments, the ul-
trasound system further comprising a power supply
adapted to drive the transducer arrangement of the ul-
trasound device, wherein the power supply is responsive
to the electrode arrangement and adapted to disable the
transducer arrangement upon a signal from the electrode
arrangement indicative of a change in resistivity of the
elastomer layer. Such an ultrasound system may disable
the power supply to the transducer arrangement upon
an indication derived from the change in resistivity of the
elastomer layer that the quality of the contact between
the transducer arrangement and the body to be subjected
to the ultrasound waves produced by the transducer ar-
rangement has deteriorated, e.g. fallen below a defined
quality threshold. By disabling the power to the transduc-
er arrangement, the generation of ultrasound waves by
the transducer arrangement under such poor contact
conditions is avoided, which is beneficial in terms of ex-
tending the lifetime of the ultrasound device as well as
in terms of avoiding exposure of unintended areas of the
body to such ultrasound waves.

[0024] In case the ultrasound device further comprises
the aforementioned temperature sensitive further elas-
tomer layer, the power supply may be further responsive
to the further electrode arrangement and adapted to re-
duce the power supplied to or disable the transducer ar-
rangement upon a further signal from the further elec-
trode arrangement indicative of a change in resistivity of
the further elastomer layer, e.g. a further signal indicative
of the temperature in the further elastomer layer exceed-
ing a critical threshold.

[0025] Ina particularly relevantembodiment, the trans-
ducer arrangement comprises a plurality of capacitive
micromachined ultrasonic transducers, each transducer
comprising a membrane over a substrate, the membrane
and the substrate delimiting a cavity; a first electrode on
the substrate separated from the cavity by a first electri-
cally insulating layer; and a second electrode supported
by the membrane opposite the first electrode; wherein
the power supply is adapted to provide the first electrodes
and the second electrodes of the respective capacitive
micromachined ultrasound transducers with a bias volt-
age that forces the membranes of selected capacitive
micromachined ultrasound transducers into a collapsed
mode; and an alternating voltage on top of the bias volt-
age that forces the membranes in the collapsed mode to
resonate. In this embodiment, operation of the CMUT
elements in the so-called collapse mode is avoided when
the quality of the contact between the transducer ar-
rangement and the body to be exposed to the ultrasound
waves generated by the transducer arrangement is in-
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sufficient or when the ultrasound device is at risk of over-
heating. As itis well-known per se that operation of CMUT
elements in the so-called collapse mode enhances the
acoustic capabilities of the transducer array at the cost
of reduced lifetime of the CMUT elements, the ability to
(temporarily) disable the power supply to such CMUT
elements where the generation of ultrasound waves with
such CMUT elements would not yield the desired result
due to the poor quality contact between the transducer
array and the body (or where the transducer elements
risk being damaged by overheating) is particularly ad-
vantageous in this embodiment as it results in an elon-
gated lifetime of the CMUT elements.

[0026] According to yet another aspect, there is pro-
vided an ultrasound arrangement comprising the ultra-
sound device of any of the described embodiments and
a holder adapted to hold the ultrasound device in an ori-
entation against a body surface to be exposed to ultra-
sound waves generated with the ultrasound device, the
holder comprising an actuator arrangement for adjusting
the orientation of the ultrasound device and a controller
adapted to control the actuator arrangement, the control-
ler being responsive to a signal provided by the electrode
arrangement indicative of a change in resistivity of the
elastomer layer. Such an ultrasound arrangement ben-
efits from the fact that the measured resistivity of the elas-
tomer layer can be translated into a quality of contact
between the transducer arrangement and the body to be
exposed to the ultrasound waves generated by the trans-
ducer arrangement, such that the measured resistivity
can be used as a feedback signal to control the actuator
arrangement such that the ultrasound device is autono-
mously positioned by the actuator arrangement in an ori-
entation in which the transducer arrangement achieves
a good-quality contact with the body to be exposed to
the ultrasound waves.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] Embodiments of the invention are described in
more detail and by way of non-limiting examples with
reference to the accompanying drawings, wherein

FIG. 1 schematically depicts an ultrasound device
according to an embodiment;

FIG. 2 schematically depicts an ultrasound device
according to another embodiment;

FIG. 3 schematically depicts an ultrasound device
according to yet another embodiment;

FIG. 4 schematically depicts an example embodi-
mentof atransducer element ofan ultrasound device
according to embodiments of the present invention;
FIG. 5 schematically depicts an aspect of an ultra-
sound system according to an embodiment;
FIG.6a, 6b, 7a and 7b schematically depict example
modes of operation of the ultrasound system of FIG.
5;

FIG. 8 schematically depicts a circuit diagram of an



7 EP 3 448 261 B1 8

ultrasound system according to an embodiment; and
FIG. 9 schematically depicts an ultrasound arrange-
ment according to an embodiment.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0028] It should be understood that the Figures are
merely schematic and are not drawn to scale. It should
also be understood that the same reference numerals
are used throughout the Figures to indicate the same or
similar parts.

[0029] In the context of the present application, the
term ’conductive’ means ’electrically conductive’ unless
explicitly stated otherwise. Similarly, the term 'non-con-
ductive’ means ’electrically insulating’ unless explicitly
stated otherwise. Where reference is made to an elas-
tomer layer, this is intended to mean a layer of a material
or material blend having elastomeric properties and in-
cluding conductive particles, and optionally further in-
cluding non-conductive particles. Such particles are typ-
ically dispersed in the elastomer layer.FIG. 1 schemati-
cally depicts an ultrasound device 10 according to an
embodiment. The ultrasound device 10 comprises a plu-
rality of ultrasound transducer tiles 100 on a carrier 11.
The plurality of ultrasound transducer tiles 100 will also
be referred to as a transducer array. Each tile 100 may
comprise one or more ultrasound transducer elements,
such as piezoelectric transducer elements or CMUT el-
ements. Alternatively, the ultrasound device 10 may com-
prise a single crystal transducer element instead of the
ultrasound transducer tiles 100. In a particularly preferred
embodiment, the ultrasound device 10 comprises a plu-
rality of CMUT tiles 100, wherein the individual CMUT
elements on each tile 100 are arranged to be operated
in a so-called collapse mode as will be explained in further
detail below.

[0030] An acoustic window 150 is arranged over the
ultrasound transducer tiles 100, i.e. directly or indirectly
on the ultrasound transducer tiles 100, such that the ul-
trasound transducer elements of the transducer array are
arranged to transmit ultrasound waves through the
acoustic window 150. lin other words, the acoustic win-
dow 150 is acoustically coupled to the transducer ar-
rangement 110, namely to the transmitting surfaces of
the ultrasound transducer elements of the transducer ar-
rangement 110. Such an acoustic window 150 protects
the transducer array from being directly contactable,
thereby protecting the transducer array from damage, as
well as protects the body to be exposed to the ultrasound
waves to be generated by the transducer array from being
directly contacted by the transducer array, e.g. to protect
the body from accidental electrical shock. As is well-
known per se, such an acoustic window 150 may further
provide impedance matching between the transducer ar-
ray and the body.

[0031] In an embodiment, the acoustic window 150
comprises an elastomer layer 153 having conductive par-
ticles dispersed in the elastomer layer toimpart pressure-
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sensitive conductivity onto the elastomer layer 153. The
elastomer provides an electrically insulating matrix for
the conductive particles. The conductive particles are
present in a concentration in the elastomer below the
percolation threshold of the elastomer, i.e. below the limit
at which the conductive particles form permanent con-
ductive pathways through the elastomer layer 153, i.e.
are in permanent contact with each other. Instead, such
conductive pathways are temporarily formed by the ap-
plication of a pressure on the elastomer layer 153, thus
causing a change, e.g. a decrease, in the electrical re-
sistance of the elastomer layer 153. A change in the ap-
plied pressure to the elastomer layer 153 typically causes
a change in the number and/or length of the conductive
pathways formed by the conductive particles through the
elastomer layer 153, such that a change in pressure ap-
plied tothe elastomer layer 153 typically causes achange
in the electrical resistance of this layer. Therefore, the
electrical resistance of the elastomer layer 153 provides
an indication of the contact between the transducer array
of the ultrasound device 10 and a surface brought into
contact with the acoustic window 150, e.g. part of a body
of a patient to be exposed to the ultrasound waves gen-
erated by the transducer array including the ultrasound
transducer tiles 100.

[0032] Alternatively, the conductive particles may be
present in a concentration in the elastomer above the
percolation threshold of the elastomer, i.e. above the limit
at which the conductive particles form permanent con-
ductive pathways through the elastomer layer 153, i.e.
are in permanent contact with each other. In this embod-
iment, such conductive pathways are temporarily disrupt-
ed by the application of a pressure on the elastomer layer
153, thus causing a change, e.g. anincrease, in the elec-
trical resistance of the elastomer layer 153. In order to
achieve good pressure sensitivity in the elastomer layer
153, the concentration of the conductive particles in the
elastomer layer 153 preferably is at least15% by volume
based on the total volume of the elastomer layer and
more preferably is close to the percolation threshold of
the elastomer, e.g. below or above the percolation
threshold, to maximize piezoelectric sensitivity of the
elastomer, e.g. the concentration of the conductive par-
ticles in the elastomer layer 153 may be 15-25% by vol-
ume based on the total volume of the elastomer layer.
[0033] The elastomer layer 153 preferably is acousti-
cally matched to the acoustic impedance of the transduc-
er array, i.e. has an acoustic impedance that approxi-
mately matches the acoustic impedance of the transduc-
er array. For example, in case of the transducer array
comprising piezoelectric transducers, the elastomer lay-
er 153 may have an acoustic impedance ranging from
1.3- 3.0 MRayls, whereas in case of the transducer array
comprising CMUT elements, the elastomer layer 153
may have an acoustic impedance ranging from 1.3 - 1.9
MRayls, which has the further advantage thathe acoustic
impedance is closely matched to that of body tissue,
which typically has acoustic impedance of about 1.6
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MRayls. In an example embodiment, the elastomer layer
153 has an acoustic impedance ranging from 1.4 - 1.7
MRayls.

[0034] The acousticimpedance of the elastomer layer
153 may be tuned by selection of the elastomer, i.e. by
choosing an elastomer having a suitable intrinsic acous-
tic impedance, which intrinsic acoustic impedance may
be adjusted by the inclusion of conductive particles hav-
ing a further intrinsic acoustic impedance, such that the
overall acoustic impedance of the elastomer layer 153 is
defined by the combination of the intrinsic acoustic im-
pedance of the elastomer and the further intrinsic acous-
tic impedance of the conductive particles. A mixture of
conductive particles having differentintrinsicacousticim-
pedances may be used for this purpose.

[0035] For example, the acoustic impedance of the
elastomer layer 153 may be tuned by selecting conduc-
tive particles having a particular density and/or size, as
the acoustic impedance Z of the particle may be ex-
pressed as Z = v * d, in which v is the speed of sound
and d is the particle density. Hence, relatively heavy
(dense) particles may be used to increase the intrinsic
acoustic impedance of the elastomer of the elastomer
layer 153.

[0036] Any suitable elastomer may be used as the
elastomer for the elastomer layer 153. For example, the
elastomer may be a polyolefin, a diene polymer or a
polysiloxane, a co-polymer or block-copolymer compris-
ing a polyolefin, a diene polymer or a polysiloxane or a
blend thereof although embodiments are not limited
thereto. Polybutadiene, polydimethylsiloxane and rela-
tively soft polyether block amides (PEBA) commonly
used in catheters, are specifically mentioned as suitable
elastomers.

[0037] Any suitable conductive particle may be used
in the elastomer layer 153. For example, the conductive
particles may comprise at least one of carbon particles,
e.g. graphite or graphene particles, carbon composite
particles, ceramic particles, metal particles, metal alloy
particles, composite metal particles and conductive met-
al oxide particles although embodiments are not limited
thereto.

[0038] In at least some embodiments, the elastomer
layer 153 comprises a mixture of conductive particles
and non-conductive particles. The inclusion of non-con-
ductive particles may be useful to tune the acoustic im-
pedance of the elastomer layer 153. For example, the
non-conductive particles may be particles having a rela-
tively high density such that a small fraction of non-con-
ductive particles relative to the total fraction of particles
(i.e. non-conductive particles + conductive particles) in
the elastomer layer 153 can significantly increase the
acoustic impedance of the elastomer layer 153 without
significantly reducing its piezoelectric sensitivity. Any
suitable non-conductive particles or mixture of non-con-
ductive particles may be used for this purpose. By way
of non-limiting example, the non-conductive particles
may be ceramic particles, e.g. transition metal oxide, ni-
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tride, carbide particles, high-density metal oxide, nitride,
carbide particles and so on.

[0039] Inan embodiment, the elastomer layer 153 has
a thickness in the range of 10-200 pm, e.g. 150 pm. If
the thickness of the elastomer layer 153 exceeds 200
pwm, the flexibility of the elastomer layer 153 may deteri-
orate. If the thickness of the elastomer layer 153 is less
than 10 wm, it may be difficult to achieve the desired
pressure sensitivity in the elastomer layer 153.

[0040] In a particular embodiment, the the pressure
sensitive elastomer layer 153 may be a matching layer
having a thickness of A/4 to prevent reflections of ultra-
sound waves having a wavelength A passing through the
elastomerlayer 153. Forexample, the propagation speed
v of ultrasound waves through PDMS is 1000 m/sec. For
ultrasound waves having a frequency f of 10 MHz, A =
v/f =100 micron. By choosing the PDMS layer to have a
thickness d = 25 micron, large scale reflections of the 10
MHz ultrasound waves by the elastomer layer 153 are
effectively avoided. From the foregoing, it will be imme-
diately apparent to the skilled person that the thickness
d of the elastomer layer 153 may be tuned based on the
propagation speed v of ultrasound waves through the
elastomer layer 153 as well as based on the major or
center frequency f of the ultrasound waves generated by
the ultrasound device 10.The ultrasound device 10 may
be adapted to generate ultrasound waves in a particular
wavelength range in the body of the patient. Forexample,
ultrasound waves in the 7-12 MHz range correspond to
a wavelength in the body of about 0.1-0.2 mm. The max-
imum particle size of the conductive particles in the elas-
tomer layer 153 preferably are chosenin accordance with
the wavelength range of the ultrasound waves that the
ultrasound device 10 can produce in order to minimize
reflection of the ultrasound waves emanating from the
transducer array (or of ultrasound echoes returning to
the ultrasound device 10). For this reason, the conductive
particles and non-conductive particles if present prefer-
ably have a maximum diameter of less than 10% of the
minimum ultrasound wavelength that can be produced
by the ultrasound device 10.

[0041] In the context of the present application, the
term ‘'maximum diameter’ refers to the maximum cross-
sectional dimension of the (non-)conductive particle, and
is not intended to limit the shape of the (non-)conductive
particles to spherical particles. The (non-)conductive par-
ticles may have any suitable shape, e.g. may be spher-
ical, platelets, flakes, nanoparticles including core-shell
nanoparticles, nanowires, nanorods, nanotubes and so
on.

[0042] The ultrasound device 10 further comprises an
electrode arrangement 160 conductively coupled to the
elastomerlayer 153. InFIG. 1, the electrode arrangement
160is arranged along the periphery of the elastomer layer
153, i.e. is arranged along at least one edge of the elas-
tomer layer 153. The electrode arrangement 160 is con-
ductively coupled to a sensing circuit 170 arranged to
sense the piezoelectric resistivity of the elastomer layer
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153. For example, the sensing circuit 170 may be ar-
ranged to apply a voltage potential across the elastomer
layer 153 with the electrode arrangement 160 and meas-
ure the resulting current running through the elastomer
layer 153. Alternatively, the sensing circuit 170 may be
arranged to apply a current across the elastomer layer
153 with the electrode arrangement 160 and measure
the resulting voltage drop across the elastomer layer 153
to determine its resistivity. Other suitable ways of meas-
uring the piezoelectric resistivity of the elastomer layer
153 will be immediately apparent to the skilled person.
[0043] The acoustic window 150 may comprise addi-
tional acoustically transparent layers. In an embodiment,
the acoustic window 150 further comprises an outer layer
155 arranged such that the elastomer layer 153 is ar-
ranged between the outer layer 155 and the ultrasound
transducer tiles 100. In another embodiment, the acous-
tic window 150 further comprises an inner layer 151 ar-
ranged such that the inner layer 151 is arranged between
the elastomer layer 153 and the ultrasound transducer
tiles 100. In yet another embodiment, the acoustic win-
dow 150 further comprises the inner layer 151 and the
outer layer 155 arranged such that the elastomer layer
153 is arranged in between the inner layer 151 and the
outer layer 155, as shown in FIG. 1.

[0044] The outerlayer 155 s intended to face a patient
or a body to be examined or treated with the ultrasound
device 10. For example, the outer layer 155 may com-
prise any suitable electrically insulating material such as
an electrically insulating polymer, e.g. elastomer, to pro-
tect the elastomer layer 153 from damage and to protect
the patient from accidental electrical shock during elec-
trical conductivity of the elastomer layer 153. The outer
layer 155 for example may comprise a blend of a ther-
moplastic polymer selected from a polyolefin family (ther-
moplastic polyolefin or TPO) and an elastomer selected
from a polyolefin family (polyolefin elastomer or POE).
Elastomers are generally characterized by wide-meshed
crosslinking of the "knotted" molecular chains. This type
of crosslinking means that the materials have a high level
of dimensional stability but are still elastically malleable.
By applying load (for instance tensile load) the chains
become stretched, but after removal of the load they relax
again. A typical hardness of the uncured elastomers is
below 50 ShoreA, measured by a durometer (A scale).
An olefin family (also alkenes) is a family of the unsatu-
rated hydrocarbons comprising at least one carbon-car-
bon double bond. A polyolefin is a polymer comprising
monomers selected from the olefin family. Most commer-
cially available POEs are copolymers of either ethylene-
butene or ethylene-octene.

[0045] Thermoplastic polymers are polymers in which,
unlike elastomers, the molecular chains are not
crosslinked. They consequently demonstrate plastic
elastic behavior and are thermoformable (having the
property of softening or fusing when heated and of hard-
ening again when cooled). This formability is reversible,
in other words can be repeated as often as required as
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long as the material is not thermally damaged by over-
heating. Since thermoplastics have little or no cross-link-
ing their individual polymer chains can slip past one an-
other on heating. In thermoplastic polyolefin, compared
to the saturated hydrocarbons, the polyolefin family pro-
vides the thermoplastic polymer with a relatively light mo-
lecular weight, here it is assumed that the thermoplastic
polymer does not further contain oxygen comprising
functional groups. The thermoplastic polyolefin may
comprise linear isotactic polymers. In general thermo-
plastic polymers have a hardness of above 60 ShoreA.
[0046] The introduction of the polyolefin elastomer into
the blend of the polyolefin thermoplastic polymer used
for the outer layer 155 may provide an increased shear
wave attenuation that beneficially reduces crosstalk be-
tween the ultrasound transducer elements of the ultra-
sound transducer tiles 100. Therefore, the acoustic win-
dow 150 of the ultrasound device 10 may include an outer
layer 155 formed from a blend of the thermoplastic poly-
olefin and polyolefin elastomer to achieve a reduction of
image artifacts during ultrasound imaging.

[0047] Blending (compounding) of these polymer ma-
terials can, for instance, be performed with a twin screw
extruder. The blend of the thermoplastic polymer and the
elastomer represents a so called immiscible polymer
blends (heterogeneous polymer blends), wherein the
blend made of these two polymers exhibits two sets of
distinct physical properties, such as glass transition tem-
peratures and melting point, corresponding to the mate-
rials forming the blend. An additional advantage of the
polyolefin elastomer that it is compatible with most olefin-
ic materials, where in olefinic is any of a class of unsatu-
rated open-chain hydrocarbons having at least one dou-
ble bond.

[0048] An introduction of the polyolefin elastomer into
the blend with thermoplastic polyolefin may change the
density of the blend compared to the pure thermoplastic,
such that the acoustic impedance of the outer layer 155
may be beneficially adjusted to match the acoustic im-
pedance of the elastomer layer 153 and/or the acoustic
impedance of soft tissue (which is about 1.6 MRayls).
Other acoustic properties of the outer layer, such as
acoustic wave velocity, acoustic energy attenuation and
shear wave attenuation, may be also tuned by selecting
a different ratio of the elastomer content blended in the
thermoplastic polymer. It is desirable to use thermoplas-
tic polyolefin at the outer layer 155, which may provide
mechanical robustness without compromising ultra-
sound image quality.

[0049] An example material for the thermoplastic pol-
ymers used in the outer layer 155 is polymethylpentene
(poly 4-methyl pentene-1). Polymethylpentene (availa-
ble from Mitsui under trade name is TPX) material shows
a low longitudinal acoustic attenuation. In this context,
the longitudinal attenuation corresponds to the wave’s
amplitude reduction while propagating from the inner sur-
face of the acoustic window 150 arranged to face the
transducer array to the outer surface of the acoustic win-
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dow 150. In a frequency range from 0 up to 10 MHz,
polymethylpentene shows an attenuation value below
3dB/mm for ultrasound frequencies up to 10 MHz.
[0050] In a further example, polymethylpentene may
be blended with a copolymer forming the polyolefin elas-
tomer. Copolymers are a physical mix of polymers (two
different monomers) which consist of materials with dif-
ferent elastic properties. The copolymer of the polyolefin
elastomer is a copolymer of ethylene and alpha olefin
such as octane or butane. Alpha-olefins (or a-olefins) are
a family of organic compounds which are alkenes with a
chemical formula CH,,,, distinguished by having a dou-
ble bond at the primary or alpha (o) position. In another
embodiment, the outer layer comprises a blend of
polymethylpentene and ethylene-octene copolymer.
This copolymer is available from Dow Chemical under
trade name Engage.

[0051] Ethylene-octene copolymer is suitable for
blending with polymethylpentene due to its olefin nature.
This copolymer exhibits on average lower, than the TPX,
acoustic impedance and almost an order of magnitude
higher shear wave attenuation. The resulting blend of the
TPX and ethylene-octene copolymer inherits from the
TPX the reduced density with relatively high acoustic
wave velocity; and from the copolymer reduced acoustic
impedance and increased shear wave attenuation.
Therefore, a particularly suitable outer layer 155 com-
prises a blend of TPX and ethylene-octene copolymer.
This blend provides the acoustic window 150 of the ul-
trasound device 10 with durability and low acoustic at-
tenuation properties next to the improved imaging quality
due to the reduced image artifacts originating from the
acoustic window 150.

[0052] The innerlayer 151 may comprise any suitable
electrically insulating material such as an electrically in-
sulating polymer, e.g. elastomer, to electrically insulate
the transducer array from the elastomer layer 153. The
material(s) forming the inner layer 151 may be selected
based on the acoustic requirement of the ultrasound
transducers, such as their acoustic impedance and
mechanism of the electro-acoustical transformation. The
inner layer 151 may provide an acoustic coupling of the
emitting surface of the ultrasound transducer array to the
acoustic window 150.

[0053] Inorderto provide a particularly effective acous-
tic coupling of the inner layer 151 to the ultrasound trans-
ducer tiles 100, in particular to CMUT tiles 100, the inner
layer 47 may comprises one or more materials selected
from thermoset rubbers. The thermoset rubbers are pol-
ymeric materials which may contain only hydrogen and
carbon atoms and have a relatively low density (below 1
g/cm3).

[0054] Forexample, the innerlayer 151 may comprise
polybutadiene or butyl rubber. Butyl rubber is an isobuty-
lene-isoprene copolymer and shows hardness as low as
40 ShoreA. Polybutadiene belongs to the thermoset rub-
bers containing no other atom types than hydrogen and
carbon. This material shows one of the lowest attenuation
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effects on the propagating acoustic energy. The polyb-
utadiene layer used as materials for the inner layer 47
show an improved acoustic wave transmission (lower at-
tenuation) for the entire acoustic window 150, in partic-
ular when the transducer elements are CMUT elements.
This may be attributed to the different mechanism of the
electro-acoustical transformation in the CMUT compared
to the PZT. The PZT-based transducer typically has a
parallelepiped shape, wherein at least one of its faces is
adapted to vibrate in a piston-like motion during the trans-
mission of the acoustic wave. The displacement of the
vibrating (active) face is homogeneous throughout the
face surface.

[0055] In contrast, the CMUT’s vibrating membrane
has a different displacement throughout the membrane’s
area (surface). In a conventional operation mode the
membrane’s displacement is highest in the central part
of the CMUT cell and lowest at the periphery of the mem-
brane. In a collapsed mode of operation, as will be ex-
plained in more detail below, the membrane of the CMUT
is partially contacting the cell floor, which results in the
biggest membrane displacement (D) compared to the
conventional operation mode.

[0056] The variation in the displacement of the mem-
brane’s vibrating portions imposes different require-
ments on the properties of the inner layer 151 of the
acoustic window layer 150 in order to provide an im-
proved acoustic coupling of the operating CMUT ele-
ments. The acoustic window 150, in particular the inner
layer 151, may need to adopt its inner surface to the
membrane’s displacement. The relatively light molecular
weight of the polybutadiene combined with its relatively
low hardness (below 60 ShoreA, preferably below 50
ShoreA) may provide an improved acoustic contact be-
tween the acoustic window 150 and the CMUT’s mem-
brane adapted to vibrate. In addition the low acoustic
wave attenuation of the material forming the inner layer
may provide an improved transition of the wave through-
out the acoustic window 150.

[0057] Polybutadiene has an acoustic impedance of
about 1.45 MRayl. In order to minimize an impedance
mismatch between the transducer array and the body
tissue to be exposed to the ultrasound waves are gen-
erated with the transducer array, it may be desirable to
increase the acoustic impedance value of the acoustic
window material, e.g. the inner layer 151, comprising the
polybutadiene, e.g. to about 1.6 MRayl to match the
acoustic impedance of soft body tissue. This can be
achieved by adding afiller, such as electrically insulating
particles, into the inner layer 151. The introduction of the
electrically insulating particles into the inner layer 151
increases a total density of this layer. The additional
acoustic losses caused by the embedded insulating par-
ticles have been found to be sufficiently low and do not
considerably influence the quality of the acoustic wave
propagation through the acoustic window 150. The
acoustic impedance of the layer can be tuned towards
higher values, e.g. closer to the tissue’s acoustic imped-
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ance, while the attenuation of the layer still remains below
1.5 dB/mm for ultrasound frequencies upto 10 MHz, even
for inner layers 151 comprising 25% of its weight in the
formofthe insulating particles (e.g. ZrO, particles). When
the innerlayer 151 comprising the polymeric material with
embedded insulating particles has a density equal or
above 0.94g/cm3 and an acoustic impedance equal or
above 1.5 MRayl, a direct acoustical coupling of the
acoustic window 150 to the membrane of the CMUT el-
ement is provided. Thus, no additional coupling medium
between the acoustic window 150 and the CMUT array
is required.

[0058] The advantage of the light molecular weight
thermoset rubbers is that compared to commonly used
in ultrasound silicon based rubbers (filled silicone), these
thermoset rubbers, in particular polybutadiene, possess
higher acoustic impedance. Therefore, in order to tune
the acousticimpedance of the polyolefin based polymeric
layer to the body tissue impedance, a relatively small
amount of the filler may be needed in this polymeric ma-
terial, compared to e.qg. filled silicones.

[0059] In an embodiment, ceramic particles may be
used as the electrically insulating particles in the inner
layer 151. Ceramic particles, such as metal oxides (ZrO,,
Al,O3, TiO,, Bi,O3, BaSO,, etc.) show high insulating
properties, which may be advantageous in providing ad-
ditional insulation to the electronics of the ultrasound de-
vice 10, e.g. electronics embedded in the carrier 11. The
acoustic properties of the inner layer 151 as well as the
outer layer 155 may be tuned by varying the weight ratios
of the insulating particles embedded in these layers.
[0060] However, although the above gives particularly
suitable materials for the inner layer 151 and the outer
layer 155, it should be understood that embodiments of
the present invention are not limited to these particulars
suitable materials and that any suitable material may be
used for the inner layer 151 and the outer layer 155 re-
spectively. Moreover, the various elastomer materials
and material blends described as embodiments of the
inner layer 151 and the outer layer 155 equally may be
used as the elastomer of the elastomer layer 153.
[0061] FIG. 2 schematically depicts another embodi-
ment of an ultrasound device 10. In this embodiment, the
elastomer layer 153 is sandwiched between the elec-
trode arrangement 160. Such a sandwiched configura-
tion may increase the sensitivity of the sensing circuit
170 due to a larger contact area between the respective
electrodes of the electrode arrangement 160 and the
elastomer layer 153. The electrode arrangement 160
may comprise an upper electrode on the elastomer layer
153, e.g. arranged between the elastomer layer 153 and
the upper layer 155 and a lower electrode on the elas-
tomer layer 153 opposite the upper electrode, e.g. ar-
ranged between the elastomer layer 153 and the lower
layer 151 of the acoustic window 150. The electrodes of
the electrode arrangement 160 may be kept as thin as
possible, e.g. less than 1 micron, to minimize interference
with the ultrasound waves passing through the elec-
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trodes. At such thicknesses, any suitable conductive ma-
terial may be used for the electrodes, e.g. metal or metal
alloy electrodes such as Au, Ni, Ni/Cr, Cu or Cu/Ti elec-
trodes, conductive metal xide electrodes, e.g. ITO elec-
trodes, conductive polymer or conductive polymer com-
posite electrodes, and so on. Many other electrode ma-
terials will be immediately apparent to the skilled person.
FIG. 3 schematically depicts yet another embodiment of
an ultrasound device 10. Compared to the embodiments
schematically depicted in FIG. 2, the electrode arrange-
ment 160 is patterned to form an electrode matrix of in-
dividually addressable electrode cells, such that each
electrode cell may determine the piezoelectric resistivity
of a portion of the elastomer layer 153 between the elec-
trode portions of the cell, i.e. each elastomer layer portion
may be individually addressed by the electrode arrange-
ment 160. For example, the electrode arrangement 160
may be implemented as a passive matrix arrangement
to facilitate the individual addressing of the respective
portions of the elastomer layer 153. In this embodiment,
a particularly fine-grained contact pressure map may be
created for the transducer array, as the contact quality
of each elastomer layer portion with the patient’s body
may be obtained from interrogation of that particular elas-
tomer layer portion with the electrode arrangement 160.
[0062] The electrode matrix may comprise opposing
patterned electrodes as well as a patterned electrode
opposite a common electrode, e.g. a patterned electrode
in between the elastomer layer 153 and the ultrasound
transducer tiles 100 and an opposing common electrode
or a common electrode in between the elastomer layer
153 and the ultrasound transducer tiles 100 and an op-
posing patterned electrode. The elastomerlayer 153 may
be provided as a continuous layer or alternatively may
be patterned into a plurality of portions, with each portion
being arranged between opposing electrode portions of
an electrode cell of the electrode matrix.

In at least some embodiments, the electrode of the elec-
trode arrangement facing the patient's body may be
grounded to reduce the risk of electrical shock.

[0063] Although not specifically shown in FIG. 1-3, the
acoustic window 150 may comprise additional layers,
which may be tuned to fulfill a particular function. For
example, the acoustic window may further comprise a
further elastomer layer comprising further electrically
conductive particles and optionally further comprising
further non-conductive particles, in which the properties
of the further elastomer layer, e.g. the size, shape and/or
density of the further electrically conductive particles and
optional further non-conductive particles, are tuned to
optimize the temperature sensitivity of the further elas-
tomer layer, e.g. by imparting a temperature-dependent
resistivity on the further elastomer layer. A further elec-
trode arrangement may be provided in conductive con-
tact with the further elastomer layer, e.g. the further elas-
tomer layer may be sandwiched in between the further
electrode arrangement such as a continuous further elec-
trode arrangement or a further electrode matrix arrange-
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ment as explained above, which further electrode ar-
rangement may be conductively coupled to a further
sensing circuit for determining the temperature of the fur-
ther elastomer layer as a function of the measured resis-
tivity with the further electrode arrangement. Such tem-
perature information for instance may be used to prevent
the ultrasound transducer tiles 100 from overheating, e.g.
by disabling or by reducing the power supplied to the
transducer array upon the determined temperature ex-
ceeding a critical threshold. Alternatively or additionally,
such temperature information may be used to extract
quality of contact information for the contact between the
ultrasound device 10 and the body of the patient, as the
temperature of the further elastomer layer typically in-
creases with increasing quality of this contact.

[0064] In embodiments of the present invention, the
ultrasound device 10 may be an ultrasound probe or the
like for use in an ultrasound imaging system or an ultra-
sound therapy system. For example, such an ultrasound
probe may form part of a catheter for invasive imaging
or treatment, may form part of a hand-held device for
non-invasive imaging or treatment or may form part of a
wearable device, e.g. for prolonged treatment of partic-
ular area of the body of a patient. Non-limiting examples
of such probesinclude transesophageal echocardiogram
(TEE) probes, intravascular probes such as intracardiac
echo catheters, and so on.

[0065] In preferred embodiments of the present inven-
tion, each ultrasound transducer tile 100 comprises one
or more CMUT elements. FIG. 4 schematically depicts
an example embodiment of a CMUT element. Such a
CMUT element typically comprises a membrane or dia-
phragm 114 suspended above a silicon substrate 112
with a gap or cavity 118 there between. A top electrode
120 is located on the diaphragm 114 and moves with the
diaphragm. A bottom electrode is located on the floor of
the cell on the upper surface of the substrate 112 in this
example. Other realizations of the electrode 120 design
can be considered, such as electrode 120 may be em-
bedded in the membrane 114 or it may be deposited on
the membrane 114 as an additional layer. In thisexample,
the bottom electrode 122 is circularly configured and em-
bedded in the substrate 112 by way of non-limiting ex-
ample. Other suitable arrangements, e.g. other electrode
shapes and other locations of the bottom electrode 122,
e.g. on the substrate layer 112 such that the bottom elec-
trode 122 is directly exposed to the gap 118 or separated
from the gap 118 by an electrically insulating layer or film
to prevent a short-circuit between the top electrode 120
and the bottom electrode 122, may be contemplated.
[0066] In addition, the membrane layer 114 is fixed rel-
ative to the top face of the substrate layer 112 and con-
figured and dimensioned so as to define a spherical or
cylindrical cavity 118 between the membrane layer 114
and the substrate layer 112. The bottom electrode 122
may be grounded by way of non-limiting example. Other
arrangements, e.g. a grounded top electrode 120 or both
top electrode 120 and bottom electrode 122 floating are
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of course equally feasible.

[0067] The cell 100 and its cavity 118 may exhibit al-
ternative geometries. For example, cavity 118 could ex-
hibit a rectangular or square cross-section, a hexagonal
cross-section, an elliptical cross-section, or an irregular
cross-section. Herein, reference to the diameter of the
CMUT cell 100 shall be understood as the biggest lateral
dimension of the cell.

[0068] In an embodiment, the bottom electrode 122 is
insulated on its cavity-facing surface with an additional
layer (not pictured). A preferred electrically insulating lay-
er is an oxide-nitride-oxide (ONO) dielectric layer formed
above the substrate electrode 122 and below the mem-
brane electrode 120 although it should be understood
any electrically insulating material may be contemplated
for this layer. The ONO-dielectric layer advantageously
reduces charge accumulation on the electrodes which
leads to device instability and drift and reduction in acous-
tic output pressure.

[0069] Anexamplefabrication of ONO-dielectriclayers
on a CMUT element is discussed in detail in European
patent application EP 2,326,432 A2 by Klootwijk et al.,
filed September 16, 2008 and entitled "Capacitive mi-
cromachined ultrasound transducer." Use of the ONO-
dielectric layer is desirable with pre-collapsed CMUTs,
which are more susceptible to charge retention than
CMUTs operated with suspended membranes. The dis-
closed components may be fabricated from CMOS com-
patible materials, e.g., Al, Ti, nitrides (e.g., silicon nitride),
oxides (various grades), tetra ethyl oxysilane (TEOS),
poly-silicon and the like. In a CMOS fabrication, for ex-
ample, the oxide and nitride layers may be formed by
chemical vapor deposition and the metallization (elec-
trode) layer put down by a sputtering process.

[0070] Suitable CMOS processes are LPCVD and
PECVD, the latter having a relatively low operating tem-
perature of less than 400°C. Exemplary techniques for
producing the disclosed cavity 118 involve defining the
cavity in an initial portion of the membrane layer 114 be-
fore adding a top face of the membrane layer 114. Other
fabrication details may be found in US Pat. 6,328,697
(Fraser). In the exemplary embodiment depicted in FIG.
4, the diameter of the cylindrical cavity 118 is larger than
the diameter of the circularly configured electrode plate
122. Electrode 120 may have the same outer diameter
as the circularly configured electrode plate 122, although
such conformance is not required. Thus, in an exemplary
implementation of the present invention, the membrane
electrode 120 is fixed relative to the top face of the mem-
brane layer 114 so as to align with the electrode plate
122 below.

[0071] The electrodes of the CMUT provide the capac-
itive plates of the device and the gap 118 is the dielectric
between the plates of the capacitor. When the diaphragm
vibrates, the changing dimension of the dielectric gap
between the plates provides a changing capacitance
which is sensed as the response of the CMUT to a re-
ceived acoustic echo. The spacing between the elec-
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trodes is controlled by applying a static voltage, e.g. a
DC bias voltage, to the electrodes with a power supply
45, as schematically depictedin FIG. 5. The power supply
45 is typically adapted to provide a stimulus to the re-
spective ultrasound transducer tiles 100, e.g. toindividual
transducer elements of these tiles or by simultaneously
addressing the transducer elements of these tiles such
thateachtile 100 operates as a single transducer element
(composed of synchronized CMUT elements).

[0072] Thepowersupply45maybe adaptedtooperate
the transducer elements of the ultrasound device 10 such
that the membranes of the transducer elements in case
of CMUT elements are to resonate freely. In an alterna-
tive embodiment, the power supply 45 may be adapted
to operate such CMUT elements such that the respective
membranes of the addressed CMUT elements are col-
lapsed onto the substrate 112, i.e. are in collapse mode.
To this end, the power supply 45 may comprise a first
stage 102 adapted to produce a bias voltage that forces
the membranes of selected capacitive micromachined
ultrasound transducers into the collapsed mode and a
second stage 104 adapted to produce an alternating volt-
age on top of the bias voltage that forces the membranes
in the collapsed mode to resonate. Alternatively, this bias
voltage and alternating voltage on top of the bias voltage
may be produced by a single stage of the power supply
45.

[0073] Asis known per se, by applying a static voltage
above a certain threshold, the CMUT is forced into a col-
lapsed state in which the membrane 114 collapses onto
the substrate 112. This threshold value may depend on
the exact design of the CMUT and is defined as the DC
bias voltage at which the membrane 114 sticks to (con-
tacts) the cell floor by VanderWaals force during the ap-
plication of the bias voltage. The amount (area) of contact
between the membrane 114 and the substrate 112 is
dependent on the applied bias voltage. Increasing the
contact area between the membrane 114 and the sub-
strate 112 causes an increase of the resonance frequen-
cy of the membrane 114. This will be explained in more
detail with the aid of FIG. 6a, 6b and FIG. 7a, 7b.
[0074] The frequency response of a collapsed mode
CMUT may be varied by adjusting the DC bias voltage
applied to the CMUT electrodes after collapse with the
power supply 45. As a result, the resonant frequency of
the CMUT cell increases as a higher DC bias voltage is
applied to the electrodes. The cross-sectional views of
FIG. 6a and 7a illustrate this one-dimensionally by the
distances D1 and D2 between the outer support of the
membrane 114 and the point where the membrane be-
gins to touch the floor of the cavity 118 (i.e. the substrate
112) in each illustration. It can be seen that the distance
D1isarelatively long distance in FIG. 6awhen a relatively
low bias voltage is applied, whereas the distance D2 in
FIG. 7a is a much shorter distance due to a higher bias
voltage being applied. These distances can be compared
to long and short strings which are held by the ends and
then plucked. The long, relaxed string will vibrate at a
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much lower frequency when plucked than will the shorter,
tighter string. Analogously, the resonant frequency of the
CMUT cell in FIG. 6a will be lower than the resonant
frequency of the CMUT cell in FIG. 7a which is subject
to the higher pulldown bias voltage.

[0075] The phenomenon can also be appreciated from
the two dimensional illustrations of FIG. 6b and 7b, as it
is in actuality a function of the effective operating area of
the CMUT membrane 114. When the membrane 114 just
touches the floor of the CMUT as shown in FIG. 6a, the
effective vibrating area A1 of the non-contacting (free
vibrating) portion of the cell membrane 114 is large as
shown in FIG. 6b. The small hole in the center 17 repre-
sents the center contact region of the membrane 114.
The large area membrane will vibrate at a relatively low
frequency. This area 17 is an area of the membrane 114,
which is collapsed to the floor of the CMUT. But when
the membrane is pulled into deeper collapse by a higher
bias voltage as in FIG. 7a, the greater central contact
area 17’ results in a lesser free vibrating area A2 as
shown in FIG. 3b. This lesser area A2 will vibrate at a
higher frequency than the larger A1 area. Thus, as the
DC bias voltage is decreased the frequency response of
the collapsed CMUT decreases, and when the DC bias
voltage increases the frequency response of the col-
lapsed CMUT increases.

[0076] As shown in FIG. 5, the power supply 45 may
be responsive to the sensing circuit 170 (and to the further
sensing circuit conductively coupled to a temperature-
sensitive further elastomer layer if presentin the acoustic
window 150). In this embodiment, the sensing circuit 170
may be adapted to generate a warning signal for the pow-
er supply 45 in case of a measured piezoelectric resist-
ance of the elastomer layer 153 (and/or measured ther-
moelectric resistance of the further elastomer layer) be-
ing indicative of a substandard contact between the ul-
trasound device and the patient’s body.

[0077] The power supply 45 may be adapted to tem-
porarily halt the provision of the respective control signals
to the ultrasound transducer tiles 100, e.g. a bias voltage
forcing the respective CMUT elements into collapse
mode, in response to such a warning signal such that the
respective CMUT elements of the transducer array are
only forced into collapse mode when a conformal contact
of sufficient quality between the ultrasound device 10 and
the patient’s body is established. In this manner, the life-
time of the CMUT elements may be extended by only
operating the CMUT elements when the quality of the
contact between the ultrasound device 10 and the pa-
tient’s body facilitates effective treatment or imaging. Al-
ternatively, the sensing circuit 170 may provide raw sen-
sor data to the power supply 45, with the power supply
45 comprising a processor or the like adapted to process
the raw sensor data and to derive an indication of the
quality of contact between the ultrasound device 10 and
the patient’s body from the processed raw sensor data.
The power supply 45 may restore the provision of the
respective control signals to the ultrasound transducer
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tiles 100 upon receiving an indication that the contact
between the ultrasound device 10 and the patient’s body
is of sufficient quality to restore operation of the ultra-
sound device 10. Similarly, the power supply 45 may be
adapted to temporarily halt the provision of the respective
control signals to the ultrasound transducer tiles 100, e.g.
a bias voltage forcing the respective CMUT elements into
collapse mode, in response to the further electrode ar-
rangement associated with the temperature-sensitive
further elastomer layer providing an indication that the
temperature in the further elastomer layer has exceeded
a critical threshold, i.e. the ultrasound device 10 is at risk
of overheating.

[0078] Alternatively, the power supply 45 may be
adapted to temporarily reduce the power supplied to the
ultrasound transducer tiles 100 in response to an indica-
tion of a substandard conformal contact between the ul-
trasound device 10 and the patient’s body and/or an in-
dication of the ultrasound device 10 being at risk of over-
heating.

[0079] The ultrasound device 10 and the power supply
45 may form part of an ultrasound system such as an
ultrasonic diagnostic imaging system or an ultrasonic
therapy system. An example embodiment of an ultrason-
ic diagnostic imaging system 1 is schematically depicted
in block diagram form in FIG.8. A transducer array 110
comprising the ultrasound transducer tiles 100 is provid-
ed in an ultrasound device 10 for transmitting ultrasonic
waves and receiving echo information. The transducer
array 110 may be a one- or a two-dimensional array of
transducer elements, e.g. tiles 100, capable of scanning
in a 2D plane or in three dimensions for 3D imaging.
[0080] The transducer array 110 is coupled to a mi-
crobeam former 12 in the probe 10 which controls trans-
mission and reception of signals by the array cells, e.g.
CMUT cells. Microbeam formers are capable of at least
partial beam forming of the signals received by groups
or "patches" of transducer elements for instance as de-
scribed in US patents US 5,997,479 (Savord et al.), US
6,013,032 (Savord), and US 6,623,432 (Powers et al.)
[0081] The microbeam former 12 is coupled by the
probe cable, e.g. coaxial wire, to a transmit/receive (T/R)
switch 16 which switches between transmission and re-
ception modes and protects the main beam former 20
from high energy transmit signals when a microbeam
former is not present or used and the transducer array
110 is operated directly by the main system beam former
20. The transmission of ultrasonic beams from the trans-
ducer array 110 under control of the microbeam former
12 is directed by a transducer controller 18 coupled to
the microbeam former by the T/R switch 16 and the main
system beam former 20, which receives input from the
user’s operation of the user interface or control panel 38.
One of the functions controlled by the transducer con-
troller 18 is the direction in which beams are steered and
focused. Beams may be steered straight ahead from (or-
thogonal to) the transducer array 110, or at different an-
gles for a wider field of view. The transducer controller
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18 may be coupled to control the aforementioned voltage
source 45 for the transducer array 110. For instance, the
voltage source 45 sets the DC and AC bias voltage(s)
that are applied to the CMUT cells 100 of a CMUT array
110, e.g. to drive the CMUT cells into collapse mode as
explained above.

[0082] The partially beam-formed signals produced by
the microbeam former 12 are forwarded to the mainbeam
former 20 where partially beam-formed signals from in-
dividual patches of transducer elements are combined
into a fully beam-formed signal. For example, the main
beam former 20 may have 128 channels, each of which
receives a partially beam-formed signal from a patch of
dozens or hundreds of transducer cells, e.g. from tiles
100. In this way the signals received by thousands of
transducer elements of a transducer array 110 can con-
tribute efficiently to a single beam-formed signal.
[0083] The beam-formed signals are coupled to a sig-
nal processor 22. The signal processor 22 can process
the received echo signals in various ways, such as band-
pass filtering, decimation, | and Q component separation,
and harmonic signal separation which acts to separate
linear and nonlinear signals so as to enable the identifi-
cation of nonlinear (higher harmonics of the fundamental
frequency) echo signals returned from tissue and micro-
bubbles.

[0084] The signal processor 22 optionally may perform
additional signal enhancement such as speckle reduc-
tion, signal compounding, and noise elimination. The
bandpass filter in the signal processor 22 may be a track-
ing filter, with its passband sliding from a higherfrequency
band to a lower frequency band as echo signals are re-
ceived from increasing depths, thereby rejecting the
noise at higher frequencies from greater depths where
these frequencies are devoid of anatomical information.
[0085] The processed signals are coupled to a B-mode
processor 26 and optionally to a Doppler processor 28.
The B-mode processor 26 employs detection of an am-
plitude of the received ultrasound signal for the imaging
of structures in the body such as the tissue of organs and
vessels in the body. B-mode images of structure of the
body may be formed in either the harmonic image mode
or the fundamental image mode or a combination of both
for instance as described in US Patents US 6,283,919
(Roundhill et al.) and US 6,458,083 (Jago et al.)

[0086] The Doppler processor 28, if present, process-
es temporally distinct signals from tissue movement and
blood flow for the detection of the motion of substances,
such as the flow of blood cells in the image field. The
Doppler processor typically includes a wall filter with pa-
rameters which may be set to pass and/or reject echoes
returned from selected types of materials in the body.
Forinstance, the wall filter can be set to have a passband
characteristic which passes signal of relatively low am-
plitude from higher velocity materials while rejecting rel-
atively strong signals from lower or zero velocity material.
[0087] This passband characteristic will pass signals
from flowing blood while rejecting signals from nearby
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stationary or slowing moving objects such as the wall of
the heart. An inverse characteristic would pass signals
from moving tissue of the heart while rejecting blood flow
signals for what is referred to as tissue Doppler imaging,
detecting and depicting the motion of tissue. The Doppler
processor receives and processes a sequence of tem-
porally discrete echo signals from different points in an
image field, the sequence of echoes from a particular
point referred to as an ensemble. An ensemble of echoes
received in rapid succession over a relatively short inter-
val can be used to estimate the Doppler shift frequency
of flowing blood, with the correspondence of the Doppler
frequency to velocity indicating the blood flow velocity.
An ensemble of echoes received over a longer period of
time is used to estimate the velocity of slower flowing
blood or slowly moving tissue.

[0088] The structural and motion signals produced by
the B-mode (and Doppler) processor(s) are coupled to a
scan converter 32 and a multiplanar reformatter 44. The
scan converter 32 arranges the echo signals inthe spatial
relationship from which they were received in a desired
image format. For instance, the scan converter may ar-
range the echo signal into a two dimensional (2D) sector-
shaped format, or a pyramidal three dimensional (3D)
image.

[0089] Thescan converter canoverlay aB-mode struc-
tural image with colors corresponding to motion at points
in the image field with their Doppler-estimated velocities
to produce a color Doppler image which depicts the mo-
tion of tissue and blood flow in the image field. The mul-
tiplanar reformatter 44 will convert echoes which are re-
ceived from points in a common plane in a volumetric
region of the body into an ultrasonic image of that plane,
for instance as described in US Patent US 6,443,896
(Detmer). A volume renderer 42 converts the echo sig-
nals of a 3D data setinto a projected 3D image as viewed
from a given reference point as described in US Pat.
6,530,885 (Entrekin et al.).

[0090] The 2D or 3D images are coupled from the scan
converter 32, multiplanar reformatter 44, and volume ren-
derer 42 to an image processor 30 for further enhance-
ment, buffering and temporary storage for display on an
image display 40. In addition to being used for imaging,
the blood flow values produced by the Doppler processor
28 and tissue structure information produced by the B-
mode processor 26 are coupled to a quantification proc-
essor 34. The quantification processor produces meas-
ures of different flow conditions such as the volume rate
of blood flow as well as structural measurements such
as the sizes of organs and gestational age. The quanti-
fication processor may receive input from the user control
panel 38, such as the point in the anatomy of an image
where a measurement is to be made.

[0091] Output data from the quantification processor
is coupled to a graphics processor 36 for the reproduction
of measurement graphics and values with the image on
the display 40. The graphics processor 36 can also gen-
erate graphic overlays for display with the ultrasound im-
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ages. These graphic overlays can contain standard iden-
tifying information such as patient name, date and time
of theimage, imaging parameters, and the like. For these
purposes the graphics processor receives input from the
user interface 38, such as patient name.

[0092] The user interface is also coupled to the trans-
mit controller 18 to control the generation of ultrasound
signals from the transducer array 110 and hence the im-
ages produced by the transducer array and the ultra-
sound system. The user interface is also coupled to the
multiplanar reformatter 44 for selection and control of the
planes of multiple multiplanar reformatted (MPR) images
which may be used to perform quantified measures in
the image field of the MPR images.

[0093] As will be understood by the skilled person, the
above embodiment of an ultrasonic diagnostic imaging
system is intended to give a non-limiting example of such
an ultrasonic diagnostic imaging system. The skilled per-
son will immediately realize that several variations in the
architecture of the ultrasonic diagnostic imaging system
are feasible without departing from the teachings of the
present invention. For instance, as also indicated in the
above embodiment, the microbeam former 12 and/or the
Doppler processor 28 may be omitted, the ultrasound
probe 10 may not have 3D imaging capabilities and so
on. Other variations will be apparent to the skilled person.
[0094] Moreover, in case of an ultrasonic therapy sys-
tem, there obviously is no need for the system to be able
to receive and process pulse echoes, such that it will be
immediately apparent to the skilled person that the above
embodiment of an ultrasonic diagnostic imaging system
may be adapted to form an ultrasonic therapy system by
omission of those system components that are required
for the reception of processing of such pulse echoes.
[0095] FIG. 9 schematically depicts an example em-
bodiment of an ultrasound arrangement of the present
invention. The ultrasound arrangement comprises a
holder 200 for holding the ultrasound device 10, which
holder comprises one or more actuators that can be con-
trolled by a controller 210 to adjust the orientation of the
ultrasound device 10 in the holder 200. For example, the
holder 200 may be an arm mountable to a treatment table
2, e.g. to a grip 3 on the upper surface of the treatment
table 2 for supporting a patient 1. The arm may comprise
a mounting member 201, e.g. a clamp or the like, for
affixing the arm to the treatment table 2. The arm may
comprise one or more actuated hinges 203, 205, 207
under control of the controller 210, which hinges may be
actuated to change the orientation of the ultrasound de-
vice 10 in response to a control signal provided by the
controller 210. The controller 210 may be responsive to
the sensing circuit 170 and may be adapted to system-
atically adjust the orientation of the ultrasound device 10
on the patient’s body until the sensing circuit 170 provides
an indication of a good-quality contact between the ul-
trasound device 10 and the patient’s body. In other words,
the sensing circuit 170 may provide a feedback signal
for the controller 210, which may be used by the controller
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210 to establish the desired high-quality contact between
the ultrasound device 10 and the patient 1. The controller
210 may be further adapted to periodically alter the ori-
entation of the ultrasound device 10 relative to the pa-
tient’s body in response to the sensing circuit 170 pro-
viding an indication of the change (deterioration) in the
quality of contact between the ultrasound device 10 and
the patient’s body as obtained from a measured change
in the piezoelectric resistivity of the elastomer layer 153
as previously explained in order to restore to the desired
quality of contact between the ultrasound device and the
patient 1. A similar arrangement may be used to achieve
a sufficient acoustic contact at minimal pressure, e.g. for
an ultrasound arrangement used for esophageal echog-
raphy where the sensing circuit 170 provides an indica-
tion of the amount of pressure provided to the esophageal
wall.

[0096] In an embodiment, in which the ultrasound de-
vice 10 comprises a patterned electrode arrangement
160, the controller 210 may be adapted to control the
actuated hinges 203, 205, 207 in response to a pressure
map corresponding to the respective pressures in the
individual portions of the elastomer layer 153 as sensed
with the electrode arrangement 160. For example, the
controller 210 may be adapted to control the actuated
hinges 203, 205, 207 to minimize pressure gradients in
the pressure map, i.e. to even out the pressure across
the elastomer layer 153. The control signals applied to
the actuated hinges 203, 205, 207 may be derived from
such pressure gradients.

[0097] Other embodiments in which such feedback
from the sensing circuit 170 is used to adjust the orien-
tation of the ultrasound device 10 may be contemplated.
For example, the ultrasound device 10 may comprise
integrated actuators arranged to alter the orientation of
individual transducer tiles 100 in response to the feed-
back information provided by the sensing circuit 170. This
embodiment for example is particularly advantageous in
combination with the patterned elastomer layer 153 as
schematically depicted in FIG. 3, where each elastomer
layer portion may be aligned with and dimensioned to
correspond to an individual transducer tile 100, such that
a quality of contact for each individual transducer tile 100
may be controlled by altering the orientation of the indi-
vidual transducer tile 100 with the integrated actuator in
response to feedback information provided by the sens-
ing circuit 170 specific to that particular individual trans-
ducer tile.

[0098] It should be noted that the above-mentioned
embodimentsillustrate rather than limit the invention, and
that those skilled in the art will be able to design many
alternative embodiments without departing from the
scope of the appended claims. In the claims, any refer-
ence signs placed between parentheses shall not be con-
strued as limiting the claim. The word "comprising" does
not exclude the presence of elements or steps other than
those listed in a claim. The word "a" or "an" preceding
an element does not exclude the presence of a plurality
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of such elements. The invention can be implemented by
means of hardware comprising several distinct elements.
In the device claim enumerating several means, several
of these means can be embodied by one and the same
item of hardware. The mere fact that certain measures
are recited in mutually different dependent claims does
not indicate that a combination of these measures cannot
be used to advantage.

Claims

1. An ultrasound device (10) comprising a transducer
arrangement (110) and an acoustically transmissive
window (150) over said arrangement, said window
comprising an elastomer layer (153) having conduc-
tive particles dispersed in the elastomer, the elas-
tomerlayer having a pressure-sensitive conductivity,
the ultrasound device further comprising an elec-
trode arrangement (160) coupled to said elastomer
layer and adapted to measure said pressure-sensi-
tive conductivity, wherein the transducer arrange-
ment (110) is adapted to generate ultrasound waves
having a minimum wavelength in a body of a patient
to be exposed to the ultrasound waves, the conduc-
tive particles having a maximum diameter of less
than 10% of said minimum wavelength.

2. The ultrasound device (10) of claim 1, wherein the
elastomer layer (153) has an acoustic impedance
that is matched to the acoustic impedance of a body
to be exposed to the ultrasound waves produced by
the ultrasound device and/or to the acoustic imped-
ance of the transducer arrangement (110).

3. The ultrasound device (10) of claim 1 or 2, wherein
the acoustic impedance of the elastomer layer (153)
is in the range of 1.3-3.0 MRayls, preferably wherein
the acoustic impedance is in the range of 1.3-1.9
MRayls.

4. The ultrasound device (10) of any of claims 1-3,
wherein the elastomer is a polyolefin, a diene poly-
mer or a polysiloxane, a co-polymer or block-copol-
ymer comprising a polyolefin, a diene polymer or a
polysiloxane or a blend thereof.

5. The ultrasound device (10) of any of claims 1-4,
wherein the conductive particles comprise at least
one of carbon particles, carbon composite particles,
ceramic particles, metal particles, metal alloy parti-
cles, composite metal particles and conductive metal
oxide particles.

6. The ultrasound device (10) of any of claims 1-5,
wherein the volume of the conductive particles in the
elastomer layer (153) is at least 15% by volume
based on the total volume of the elastomer layer.
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The ultrasound device (10) of any of claims 1-6,
wherein the elastomer layer (153) has a thickness
in the range of 10-200 pm.

The ultrasound device (10) of any of claims 1-7,
wherein the elastomer layer (153) comprises a mix-
ture of conductive particles and non-conductive par-
ticles dispersed in the elastomer layer.

The ultrasound device (10) of any of claims 1-8,
wherein the elastomer layer (153) is sandwiched in
between the electrode arrangement (160).

The ultrasound device (10) of claim 9, wherein the
electrode arrangement (160) comprises an elec-
trode matrix arranged to measure the pressure-sen-
sitive conductivity of individual portions of the elas-
tomer layer.

The ultrasound device (10) of any of claims 1-10,
wherein the acoustically transmissive window (150)
comprises a further elastomer layer having conduc-
tive particles dispersed therein, the elastomer layer
having a temperature-sensitive conductivity, the ul-
trasound device further comprising a further elec-
trode arrangement coupled to said further elastomer
layer adapted to measure said temperature-sensi-
tive conductivity.

An ultrasound system (1) comprising the ultrasound
device (10) of any of claims 1-11, the ultrasound sys-
tem further comprising a power supply (45) adapted
to drive the transducer arrangement of the ultra-
sound device, wherein the power supply is respon-
sive to the electrode arrangement (160) and adapted
to disable the transducer arrangement (110) upon a
signal from the electrode arrangement indicative of
a change in resistivity of the elastomer layer (153).

The ultrasound system (1) of claim 12, wherein the
transducer arrangement (110) comprises a plurality
of capacitive micromachined ultrasonic transducers,
each transducer comprising:

- a membrane (114) over a substrate (112), the
membrane and the substrate delimiting a cavity
(118);

- a first electrode (122) on the substrate sepa-
rated from the cavity by a first electrically insu-
lating layer (125); and

- a second electrode supported (120) by the
membrane opposite the first electrode;

wherein the power supply (45) is adapted to provide
the first electrodes and the second electrodes of the
respective capacitive micromachined ultrasound
transducers with:
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- a bias voltage that forces the membranes of
selected capacitive micromachined ultrasound
transducers into a collapsed mode; and

- an alternating voltage on top of the bias voltage
that forces the membranes in the collapsed
mode to resonate.

. An ultrasound arrangement comprising the ultra-
sound device (10) of any of claims 1-11 and a holder
(200) adapted to hold the ultrasound device in an
orientation against a body surface to be exposed to
ultrasound waves generated with the ultrasound de-
vice, the holder comprising an actuator arrangement
(203, 205, 207) for adjusting the orientation of the
ultrasound device and a controller (210) adapted to
control the actuator arrangement, the controller be-
ing responsive to a signal provided by the electrode
arrangement (160) indicative of a change in resistiv-
ity of the elastomer layer (153).

Patentanspriiche

1.

Ein Ultraschallgerat (10), das aus einer Wandlerbau-
gruppe (110) und einem schalldurchlassigen Fens-
ter (150) Uber der Baugruppe besteht, wobei das
Fenster aus einer Elastomerschicht (153) besteht,
auf die leitfahige Partikel verteilt sind, sodass sie
Uber eine druckempfindliche Leitfahigkeit verflgt.
Das Ultraschallgerat umfasst zudem eine Elektro-
denbaugruppe (160), die mit der Elastomerschicht
verbunden ist und die druckempfindliche Leitfahig-
keit misst, wobei die Wandlerbaugruppe (110) im
Korper des zu untersuchenden Patienten Ultra-
schallwellen mit einer Mindestwellenlange generiert.
Hierbei verfiigen die leitfahigen Partikel Gber einen
maximalen Durchmesser von weniger als 10 % der
angefiihrten Mindestwellenlange.

Das Ultraschallgerat (10) gemaR Anspruch 1, wobei
die Elastomerschicht (153) (iber einen Schallwellen-
widerstand verfligt, der dem Schallwellenwiderstand
eines Korpers, der den vom Ultraschallgerat erzeug-
ten Ultraschallwellen ausgesetzt werden soll
und/oder dem Schallwellenwiderstand der Wandler-
baugruppe (110) entspricht.

Das Ultraschallgerat (10) gemaR der Anspriche 1
oder 2, wobei der Schallwellenwiderstand der Elas-
tomerschicht (153) im Bereich von 1,3-3,0 MRayl
liegt, wobei der Schallwellenwiderstand im Idealfall
in einen Bereich von 1,3-1,9 MRayl fallen sollte.

Das Ultraschallgerat (10) gemaf einer der Anspru-
che 1 bis 3, wobei es sich beim Elastomer um ein
Polyolefin, ein Dienpolymer oder ein Polysiloxan, ein
aus Polyolefin bestehendes Copolymer oder Block-
Copolymer, oder ein Dienpolymer oder Polysiloxan
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oder eine Mischung hiervon handeln sollte.

Das Ultraschallgerat (10) gemaf einer der Anspri-
che 1 bis 4, wobei die leitfahigen Partikel aus min-
destens einem der folgenden Partikel bestehen:
Kohlenstoff, Kohlefaserverbundwerkstoff, Keramik,
Metall, Metalllegierung, Verbundmetall und leitfahi-
ges Metalloxid.

Das Ultraschallgerat (10) gemaf einer der Anspri-
che 1 bis 5, wobei das Volumen der leitfahigen Par-
tikel in der Elastomerschicht (153) mindestens 15 %
des Volumens der gesamten Elastomerschicht bil-
det.

Das Ultraschallgerat (10) gemaf einer der Anspri-
che 1 bis 6, wobei die Dicke der Elastomerschicht
(153) im Bereich von 10-200 pwm liegt.

Das Ultraschallgerat (10) gemaR einer der Anspri-
che 1 bis 7, wobei die Elastomerschicht (153) aus
einer Mischung von leitfahigen und nicht leitfahigen
Partikeln besteht, die Giber die Elastomerschicht ver-
teilt sind.

Das Ultraschallgerat (10) gemaf einer der Anspri-
che 1 bis 8, wobei die Elastomerschicht (153) zwi-
schen der Elektrodenbaugruppe (160) angebracht
ist.

Das Ultraschallgerat (10) gema Anspruch 9, wobei
die Elektrodenbaugruppe (160) aus einer Elektro-
denmatrix besteht, die die druckempfindliche Leitfa-
higkeit der einzelnen Teile der Elastomerschicht
misst.

Das Ultraschallgerat (10) gemal einer der Anspri-
che 1 bis 10, wobei das schalldurchldssige Fenster
(150) uber eine zusatzliche Elastomerschicht mit
leitfahigen Partikeln sowie Uber eine temperatur-
empfindliche Leitfahigkeit verfligt. Hierbei umfasst
das Ultraschallgerat eine zusatzliche Elektroden-
baugruppe, die mit der zusatzlichen Elastomer-
schicht verbunden ist, um die temperaturempfindli-
che Leitfahigkeit zu messen.

Ein Ultraschallsystem (1), das das Ultraschallgerat
(10) geman einer der Anspriiche 1 bis 11 sowie zu-
dem eine Stromversorgung (45) umfasst, Uber die
die Wandlerbaugruppe des Ultraschallgerats ange-
trieben wird, wobei die Stromversorgung auf die
Elektrodenbaugruppe (160) reagiert und die Wand-
lerbaugruppe (110) deaktiviert, wenn sie ein Signal
von der Elektrodenbaugruppe erhéalt, das eine Ver-
anderung der Widerstands der Elastomerschicht
(153) angibt.

Das Ultraschallsystem (1) gemaf Anspruch 12, wo-

10

15

20

25

30

35

40

45

50

55

16

EP 3 448 261 B1

14.

30

bei die Wandlerbaugruppe (110) aus mehreren ka-
pazitiven mikromechanischen Ultraschallwandlern
besteht, die jeweils Folgendes umfassen:

- eine Membran (114) Uber einem Substrat
(112), wobei die Membran und das Substrat die
Begrenzung eines Hohlraums (118) bilden;

- eine erste Elektrode (122) auf dem Substrat,
die vom Hohlraum durch eine erste Elektroiso-
lierschicht (125) getrennt ist; und

- eine zweite Elektrode (120), die auf der Mem-
bran gegenuber der ersten Elektrode aufliegt;

wobei die Stromversorgung (45) die ersten und zwei-
ten Elektroden der entsprechenden kapazitiven mi-
kromechanischen Ultraschallwandler mit Folgen-
dem versorgt:

- einer Vorspannung, die die Membranen der
ausgewahlten kapazitiven mikromechanischen
Ultraschallwandler in einen zusammengezoge-
nen Modus versetzt; und

- eine die Vorspannung uberlagernde Vorspan-
nung, die die Membranen im zusammengezo-
genen Modus in Schwingung versetzt.

Eine Ultraschallbaugruppe mit dem Ultraschallgerat
(10) geman einer der Anspriiche 1 bis 11 sowie einer
Halterung (200), die das Ultraschallgerat entlang der
Kérperflache ausrichtet, die den vom Ultraschallge-
rat erzeugten Ultraschallwellen ausgesetzt werden
soll, wobei die Halterung aus einer Betatigerbau-
gruppe (203, 205, 207) zum Einstellen der Ausrich-
tung des Ultraschallgerats sowie einer Steuerung
(210) zum Steuern der Betatigerbaugruppe besteht.
Hierbei reagiert die Steuerung auf ein Signal der
Elektrodenbaugruppe (160) das eine Veranderung
der Widerstands der Elastomerschicht (153) angibt.

Revendications

Dispositif a ultrasons (10) comprenant un agence-
ment transducteur (110) et une fenétre (150) per-
mettant une transmission acoustique sur ledit agen-
cement, ladite fenétre comprenant une couche
d’élastomere (153) comportant des particules con-
ductrices dispersées dans I'élastomere, la couche
d’élastomere présentant une conductivité sensible
a la pression, le dispositif a ultrasons comprenant
en outre un agencement d’électrodes (160) couplé
a ladite couche d’élastomeére et congu pour mesurer
ladite conductivité sensible ala pression, danslequel
I’'agencement transducteur (110) est congu pour gé-
nérer des ondes ultrasonores présentant une lon-
gueur d’onde minimale dans un corps d’un patient a
exposer aux ondes ultrasonores, les particules con-
ductrices présentant un diamétre maximal inférieur
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a 10 % de ladite longueur d’onde minimale.

Dispositif a ultrasons (10) selon la revendication 1,
dans lequel la couche d’élastomére (153) présente
une impédance acoustique, laquelle est adaptée a
Iimpédance acoustique d’'un corps a exposer aux
ondes ultrasonores générées par le dispositif a ul-
trasons et/ou a 'impédance acoustique de I'agence-
ment transducteur (110).

Dispositif a ultrasons (10) selon la revendication 1
ou 2, dans lequel 'impédance acoustique de la cou-
che d’élastomere (153) est comprise dans la plage
de 1,3 a 3,0 MRayls, de préférence dans lequel I'im-
pédance acoustique est comprise dans la plage de
1,3 a 1,9 MRayls.

Dispositif a ultrasons (10) selon I'une quelconque
des revendications 1 a 3, dans lequel I'élastomére
est une polyoléfine, un polymere diénique ou un po-
lysiloxane, un copolymére ou un copolymeére sé-
quencé comprenant une polyoléfine, un polymeére
diénique ou un polysiloxane ou un mélange de ceux-
ci.

Dispositif a ultrasons (10) selon I'une quelconque
des revendications 1 a 4, dans lequel les particules
conductrices comprennent au moins I'une parmi des
particules de carbone, des particules de composite
de carbone, des particules de céramique, des parti-
cules de métal, des particules d’alliage métallique,
des particules de métal composite et des particules
d’'oxyde de métal conducteur.

Dispositif a ultrasons (10) selon I'une quelconque
des revendications 1 a 5, dans lequel le volume des
particules conductrices dans la couche d’élastomére
(153) est d’au moins 15 % en volume rapporté au
volume total de la couche d’élastomere.

Dispositif a ultrasons (10) selon I'une quelconque
des revendications 1 a 6, dans lequel la couche
d’élastomere (153) présente une épaisseur compri-
se dans la plage de 10 a 200 pm.

Dispositif a ultrasons (10) selon I'une quelconque
des revendications 1 a 7, dans lequel la couche
d’élastomere (153) comprend un mélange de parti-
cules conductrices et de particules non conductrices
dispersées dans la couche d’élastomére.

Dispositif a ultrasons (10) selon I'une quelconque
des revendications 1 a 8, dans lequel la couche
d’élastomere (153) est prise en sandwich entre
I'agencement d’électrodes (160).

Dispositif a ultrasons (10) selon la revendication 9,
dans lequel 'agencement d’électrodes (160) com-
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prend une matrice d’électrodes congue pour mesu-
rer la conductivité sensible a la pression des parties
individuelles de la couche d’élastomére.

Dispositif a ultrasons (10) selon I'une quelconque
des revendications 1 a 10, dans lequel la fenétre
(150) permettant une transmission acoustique com-
prend une autre couche d’élastomére comportant
des particules conductrices dispersées dans ladite
autre couche, la couche d’élastomere présentant
une conductivité sensible a la température, le dispo-
sitif a ultrasons comprenant en outre un autre agen-
cement d’électrodes, couplé a ladite autre couche
d’élastomere, congu pour mesurer ladite conductivi-
té sensible a la température.

Systéme a ultrasons (1) comprenant le dispositif a
ultrasons (10) selon 'une quelconque des revendi-
cations 1a 11, ledit systéme a ultrasons comprenant
en outre une alimentation électrique (45) congu pour
entrainer 'agencement transducteur du dispositif a
ultrasons, dans lequel ladite alimentation électrique
est sensible a 'agencement d’électrodes (160) et
congu pour désactiver 'agencement transducteur
(110) lors d'un signal provenant de I'agencement
d’électrodes indiquant un changement de résistivité
de la couche d’élastomeére (153).

Systéme a ultrasons (1) selon la revendication 12,
dans lequel 'agencement transducteur (110) com-
prend une pluralité de transducteurs ultrasonores
micro-usinés capacitifs, chaque transducteur
comprenant :

- une membrane (114) sur un substrat (112),
ladite membrane et ledit substrat délimitant une
cavité (118) ;

- une premiére électrode (122) sur le substrat
séparé de la cavité par une premiére couche
électriguement isolante (125) ; et

- une seconde électrode (120) supportée par la
membrane opposée a la premiére électrode ;

dans lequel I'alimentation électrique (45) est congue
pour fournir aux premiére et seconde électrodes des
transducteurs ultrasonores micro-usinés capacitifs
respectifs :

- une tension de polarisation, laquelle force les
membranes de transducteurs ultrasonores mi-
cro-usinés capacitifs sélectionnés dans un mo-
de replié ; et

- une tension alternative au-dessus de la tension
de polarisation, laquelle force les membranes
dans le mode replié a résonner.

Agencement a ultrasons comprenant le dispositif a
ultrasons (10) selon 'une quelconque des revendi-
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cations 1 a 11 et un support (200) congu pour main-
tenir ledit dispositif a ultrasons dans une orientation
contre une surface corporelle a exposer aux ondes
ultrasonores générées a I'aide du dispositif a ultra-
sons, le support comprenant un agencement action-
neur (203, 205, 207) pour régler 'orientation du dis-
positif a ultrasons et un dispositif de commande
(210) congu pour commander I'agencement action-
neur, ledit dispositif de commande étant sensible a
un signal fourni par 'agencement d’électrodes (160)
indicatif d’'un changement de résistivité de la couche
d’élastomeére (153).
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