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Description

FIELD OF THE INVENTION

[0001] The present invention relates to an ultrasound
device comprising a transducer arrangement for appli-
cation to the skin.

BACKGROUND OF THE INVENTION

[0002] 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
high intensity 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.
[0003] 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. The
contact pressure is critical in ultrasound imaging proce-
dures. A very low pressure or no contact results in poor
acoustic coupling. A high contact pressure leads to dis-
comfort, safety issues or impact/mechanical damage.
Appropriate contact 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 transmission or reception of the ultrasound sig-
nals. Moreover, the ultrasound transducer array, e.g. in
the form of the probe, is typically hand-held during an
imaging procedure, which makes the procedure prone
to errors. In addition, there are instances where a hand-
held solution is not viable, such as for example when
imaging is performed from locations inside the body. This
for example applies to large area ultrasound transducers
(e.g. wearable US patches) and transesophageal
echocardiogram (TEE) probes, where it is notoriously dif-
ficult to establish a good contact between the ultrasound
transducers and the body region to be imaged or treated.
Manual manipulation of ultrasound probes is also difficult
when imaging is done as part of monitoring over a longer
periods of time such as for example longer than hours,
either continuously or with multiple imaging instances
distributed during the monitoring time.
[0004] 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-
ment tile 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.
[0005] 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-
ity conformal contact between the ultrasound transducer
array and the body can be avoided or rectified.
[0006] WO 2016/096391 discloses an ultrasound
probe which includes skin pressure sensing and control
of the position of the ultrasound transducer. US
2004/236223 discloses an ultrasound probe which in-
cludes sensing functionality, such as pressure sensing.
US 2010/016727 discloses another ultrasound transduc-
er design and US 2015/272544 discloses an ultrasonic
palpitator.

SUMMARY OF THE INVENTION

[0007] The present invention seeks to provide an ul-
trasound system including such an ultrasound device, in
which the ultrasound system is adapted to adjust the con-
tact pressure 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 ultra-
sound device.
[0008] The disclosure provides an ultrasound device
comprising: a transducer arrangement; an acoustically
transmissive window over said arrangement, said win-
dow comprising an elastomer layer having conductive
particles dispersed in the elastomer, the elastomer layer
having a pressure-sensitive conductivity; an electrode ar-
rangement coupled to said elastomer layer and adapted
to enable measurement of said pressure-sensitive con-
ductivity; an electroactive material actuator for biasing
the transducer arrangement towards the transmissive
window; and a controller for controlling the electroactive
material actuator in dependence on the measured pres-
sure-sensitive conductivity.
[0009] This device provides sensing of the contact
pressure between an ultrasound transducer and the sur-
face (i.e. skin) to which it is applied. This is done via the
acoustically transmissive window that has a pressure
sensitive electrical conductivity. When the window is
brought in contact with the body to be measured and thus
experiences a defined contact pressure, the conductivity
can be measured and the value used to determine or
represent the contact pressure. This sensed conductivity
or the contact pressure it represents is used as a feed-
back parameter for controlling (actuating) an electroac-
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tive material actuator in such a way as to biase or urge
the transducer towards the skin. This can be for reestab-
lishing contact between the transducer and a body to be
measured if contact had been lost and/or for increasing
contact pressure with this body if it dropped below a pre-
defined threshold. Hence in this way the feedback control
loop is completed.
[0010] The transducer arrangement is mechanically
coupled to the transmissive window. In this way the bi-
asing of the actuator can be transmitted to the transmis-
sive window, which is to contact the body to be investi-
gated. This mechanical coupling can be and preferably
is a direct coupling in which the transducer arrangement
is in contact with the transmissive window. Alternatively,
this can be via intermediate layers or bodies that may be
part of the transmissive window or not. Such layers must
also be capable of transmitting the ultrasound radiation
from the transducer arrangement to the body to be in-
vestigated.
[0011] The controller is thus also for measuring the
electrical pressure sensitive conductivity. The controller
preferably is configured for measuring the conductivity
at multiple times at predetermined time intervals which
may be regular intervals or irregular intervals.
[0012] The device preferably is also capable of reduc-
ing the contact pressure if it becomes too high. An actu-
ation level may then be reduced to a desired level. The
same feedback loop can be used for this. The controller
can also be configured to provide this function. A biased
spring opposing the actuation caused biasing can be
used to aid the reduction of pressure when actuation is
lessened. Some actuators may be slow in switching from
high to lower level of actuation and the spring may aid to
increase the switching and thus feedback speed. Even
a further actuator that opposes the one for increasing the
contact pressure can be used for this in combination with
appropriate feedback and control by the controller. The
actuators can be used as antagonists.
[0013] Thus, a pressure sensitive ultrasound acoustic
window is combined with an electro active material ac-
tuator to provide an ultrasound tissue contact control sys-
tem. The window can be optimized for acoustic imped-
ance, attenuation as well as pressure sensitivity. During
on/in body ultrasound procedures the body contact pres-
sure can be measured and controlled.
[0014] An important advantage of the configuration is
that it allows measurement of the contact pressure where
it is most relevant, namely at the location where ultra-
sound imaging takes place. The pressure is measured
at a contact point between body and ultrasound trans-
ducer and the ultrasound waves travel at least locally
through the sensor effectively. The type of pressure sen-
sor used allows adjustment or optimisation of the ultra-
sound transmissivity such that it can be acoustically
matched at least to some extent to the body to be inves-
tigated, thus providing capability of reduction of interfer-
ence of the sensor with the ultrasound measurements.
Contact pressure measurement using pressure sensors

located next to the ultrasound transducer arrangement
or device do not provide this advantage and consequent-
ly are less precise. The device can be implemented with
low cost and with low power consumption.
[0015] Contact pressure is particularly relevant for in
body applications, such as for procedures involving the
esophagus, lungs etc. whereas acoustic coupling is par-
ticularly relevant for on-body applications.
[0016] The invention may for example be used during
minimum invasive procedures or for wearable ultrasound
applications. If there is no contact detected by the pres-
sure sensing, the ultrasound transducer can be switched
off thereby increasing lifetime.
[0017] For some applications, the elastomer layer may
have 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. The body may be
a human or animal body and the matching is then towards
such body.
[0018] 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.
[0019] The transducer arrangement is typically adapt-
ed to generate ultrasound waves having a minimum
wavelength in a body to be exposed to the ultrasound
waves produced. Preferably, the conductive particles
have a maximum diameter of less than 10% of said min-
imum wavelength in order to minimize reflections or scat-
tering of the ultrasound waves by the conductive parti-
cles.
[0020] 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.
[0021] The conductive particles may be any suitable
type of conductive particles such as carbon particles, car-
bon composite particles, ceramic particles, metal parti-
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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
acoustic functionality of the pressure-sensitive elastomer
layer, e.g. to tune the acoustic impedance of the pres-
sure-sensitive elastomer layer.
[0022] In an embodiment, the elastomer layer compris-
es a mixture of electrically conductive particles and non-
conductive particles. The inclusion of non-conductive
(electrically insulating) particles may facilitate an in-
crease in the acoustic impedance of the elastomer layer.
[0023] In an embodiment, the volume of the conductive
particles in the elastomer layer is at least 15% by volume
based on the total volume of the elastomer layer. It has
been found that regardless of the nature of the conductive
particles, the elastomer layers 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.
[0024] The elastomer layer may have a thickness in
the range of 10-200 mm 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 λ/4 layer in which λ 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
mm.
[0025] 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.
[0026] The electroactive material actuator can com-
prise a plurality of individually controllable electroactive

material actuators, the different actuators of the plurality
of electroactive material actuators being controlled in de-
pendence of the pressure sensitive conductivity meas-
ured by different individual portions of the elastomer lay-
er. Preferably the actuators are for biasing the transducer
at the location of the portion of the elastomer layer where
it receives its conductivity /pressure feedback from.
[0027] The ultrasound device can thus comprise at
least a second electroactive material actuator, wherein
the controller is adapted to control the first and second
electroactive material actuators to implement a contact
pressure profile. The pressure feedback for the first and
second actuator may thus come from different portions
of the elastomer layer.
[0028] Each electroactive material actuator can com-
prise an electroactive polymer actuator. This may be one
of the plurality of actuators referred to hereinabove.
[0029] 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
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.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] Examples of the invention will now be described
in detail with reference to the accompanying drawings,
in which:

Figure 1 shows an electroactive material device
which is not clamped to a carrier layer;
Figure 2 shows an electroactive material device
which is designed so that the expansion arises only
in one direction;
Figure 3 shows an ultrasound device;
Figure 4 shows a modification to the device of Figure
3;
Figure 5 shows a conductive particle filled polymer;
Figure 6 shows that the pressure sensitive layer may
be in the form of a matrix of addressable elements;
Figure 7 shows an example of the response of a
conductive particle filled polymer; and
Figure 8 shows an ultrasound system using the de-
vice.

[0031] 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
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are used throughout the Figures to indicate the same or
similar parts.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0032] 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. In stead of conductivity, resistivity can
be measured. This is considered equivalent as both con-
ductivity and resistivity are parameters for indicating the
extent to which a material is capable of conducting cur-
rent.
[0033] The feedback signal may be in the form of a
current value measured or a voltage parameter meas-
ured. Likewise a resisitivity or conductivity value may be
calculated from voltage and current measurements.
[0034] The invention makes use of an actuator using
an electroactive material (EAM), This is a class of mate-
rials within the field of electrically responsive materials.
When implemented in an actuation device, subjecting an
EAM to an electrical drive signal can make them change
in size and/or shape. This effect can be used for actuation
and sensing purposes. During the actuation the output
of such actuators can be in the form of stroke and/or
strain such as a force or bias, or a pressure.
[0035] There exist inorganic and organic EAMs.
[0036] A special kind of organic EAMs are Electroac-
tive polymers (EAPs), some of which are also referred
to as electrically responsive materials. They can also
work as sensors or actuators, but can be more easily
manufactured into various shapes allowing easy integra-
tion into a large variety of systems when compared to
their inorganic counterparts. Other advantages of EAPs
include low power, small form factor, flexibility, noiseless
operation, and accuracy, the possibility of high resolution,
fast response times, and cyclic actuation. An EAP device
can be used in any application in which a small amount
of movement of a component or feature is desired, based
on electric actuation. Similarly, the technology can be
used for sensing small movements. The use of EAPs
enables functions which were not possible before, or of-
fers a big advantage over common sensor / actuator so-
lutions, due to the combination of a relatively large de-
formation and force in a small volume or thin form factor,
compared to common actuators. EAPs also give noise-
less operation, accurate electronic control, fast re-
sponse, and a large range of possible actuation frequen-
cies, such as 0 - 20 kHz.
[0037] As an example of how an EAM device can be
constructed and can operate, Figures 1 and 2 show two
possible operating modes for an EAP device that com-
prises an electroactive polymer layer 14 sandwiched be-
tween electrodes 10, 12 on opposite sides of the elec-
troactive polymer layer 14.
[0038] Figure 1 shows a device which is not clamped
to a carrier layer. A voltage is used to cause the elec-

troactive polymer layer to expand in all directions as
shown.
[0039] Figure 2 shows a device which is designed so
that the expansion arises only in one direction. To this
end the structure of Figure 1 is clamped or attached to a
carrier layer 16. A voltage is used to cause the electroac-
tive polymer layer to curve or bow. The nature of this
movement arises from the interaction between the active
layer which expands when actuated, and the passive car-
rier layer which does not.
[0040] It is noted that actuators based on inorganic
EAM can also be made and operated as described for
the EAP devices with respect to Figures 1 and 2.
[0041] Figure 3 shows an ultrasound device compris-
ing a transducer arrangement 30 and an acoustically
transmissive window 32 over said transducer arrange-
ment. The window 32 comprises an elastomer layer hav-
ing conductive particles dispersed in the elastomer of the
layer, the elastomer layer having a pressure-sensitive
conductivity. An electrode arrangement coupled to the
elastomer layer is adapted to provide signals to enable
measurement of the pressure-sensitive conductivity.
[0042] The device further comprises an electroactive
material actuator 34 for biasing the transducer arrange-
ment 30 towards the transmissive window 32, thereby
urging the transmissive window 32 against a body 36,
such as the skin of a patient being examined. The contact
with the body is with the trasnmissive window which is
between the transducer arrangement and the body. A
controller 38 is provided for controlling the electroactive
material actuator in dependence on the measured pres-
sure-sensitive conductivity. The controller is thus adapt-
ed to receive from the electrodes and/or apply to the elec-
trodes signals needed to measure the pressure sensitive
conductivity or resistivity and, if necessary, manipulate
the sensed signals before providing feedback to the ac-
tuator.
[0043] In the example shown, the electroactive mate-
rial layer is constrained laterally in a holder so that the
displacement is in a normal direction. The holder thus
converts lateral expansion into bending and hence ap-
plication of a normal force. The configuration with a back-
ing layer as described with reference to Figure 2 may
also be used, even without the constriction. Other geo-
metric arrangements are possible, for example with the
expansion in the direction in which force is to be applied,
rather than perpendicularly as in the example of Figure 3.
[0044] In this example the actuator provides biasing to
the bottom part of the transducer arrangement which
transfers this to the trasnmissive window that is in me-
chanical contact with the top part of the transducer ar-
rangement. Other mechanical couplings between the
transducer arrangement and the window can be used.
For example the actuator or a plurality of them may be
located at the side of the transducer. The actuator may
be arranged to push a lever assembly or spring to trans-
mit its biasing to the window. Many other configurations
may be used, but they all use the same principle based
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on the local contact pressure measurement and its use
as feedback to control the contact pressure again.
[0045] There may be more than one of such actuators
in one device distributed over the area beneath the trans-
ducer. They preferably are individually controllable (can
be independently actuated) This enables a more local
contact pressure variation and control, especially if con-
tact pressure feedback to each of the individual actuators
is from individual ones of a plurality of portions of the
transmissive window. The feedback from each of the ac-
tuators then preferably comes form a portion of the win-
dow directly between the actuator that is fed back with
its conductivity data and the body part with which that
portion is in contact. One could also think of such device
as having multiple of the devices of figure 3 next to each
other in one ultrasound device/system. The controllers
may be separate or combine in one. Plurality of portions
of the window and actuators can be arranged in arrays
with rows and columns.
[0046] In one possible example, a fixed contact pres-
sure level is set either automatically or by a user and the
actual contact pressure is regulated that to that level by
the controller. The set pressure levels may be equal over
the complete transducer if a matrix pressure sensor and
multiple actuators (or actuator segments) are used, but
they may be different if a contact pressure gradient along
a body surface is needed. The set values can be varied
over time.
[0047] For example at a first time instance a first set
of ultrasound imaging conditions is needed while in a
later stage another set of such conditions is needed.
Thus, it is possible to increase or reduce a set pressure
value, provide regulation at this level, for example de-
pending on image quality or comfort or position on the
body or patient specific (skin) parameters.
[0048] Typical examples of the regulated pressure lev-
els may be 0.01 to 0.1 N/cm2, but other pressure levels
are equally possible depending on the application.
[0049] An overall ultrasound system may comprise a
plurality of ultrasound transducer tiles each as shown in
Figure 3 on a carrier, forming an array.
[0050] The ultrasound transducer arrangement 30
may comprise one or more elements such as piezoelec-
tric transducer elements or CMUT elements, where
CMUT stands for Capacitive micromachined ultrasonic
transducers. CMUTs are the transducers where the en-
ergy transduction is due to change in capacitance.
CMUTs are constructed on silicon using micromachining
techniques. A cavity is formed in a silicon substrate, and
a thin layer suspended on the top of the cavity serves as
a membrane on which a metallized layer acts an elec-
trode, together with the silicon substrate which serves as
a bottom electrode. If an AC signal is applied across the
biased electrodes, the vibrating membrane will produce
ultrasonic waves in the medium of interest. In this way it
works as a transmitter. On the other hand, if ultrasonic
waves are applied on the membrane of a biased CMUT,
it will generate alternating signal as the capacitance of

the CMUT is varied. In this way, it works as a receiver of
ultrasonic waves. More detailed description is found in
liturature such as General Description and Advantages
of CMUTs". Stanford University. Archived from the orig-
inal on 20 July 2011. Retrieved 7 February 2011,
or "Capacitive Micromachined Ultrasonic Transducers:
Next-Generation Arrays for Acoustic Imaging" (PDF).
IEEE Transactions on UFFC,Vol.49, published Novem-
ber 2002 and references therein.
[0051] In a particularly preferred embodiment, the ul-
trasound system comprises a plurality of CMUT tiles. The
individual CMUT elements on each tile are for example
arranged to be operated in a so-called collapse mode as
will be explained in further detail below.
[0052] The ultrasound transducer arrangement 30
transmits ultrasound waves through the acoustic trans-
missive window 32 which is acoustically coupled to the
transducer arrangement 30, namely to the transmitting
surface of the ultrasound transducer elements or ele-
ments of the transducer arrangement 30. The acoustic
window 32 protects the transducer arrangement from be-
ing directly contactable, thereby protecting the transduc-
er arrangement from damage, as well as protecting the
body to be exposed to the ultrasound waves to be gen-
erated by the transducer array from being directly con-
tacted by the transducer array, e.g. to protect the body
from accidental electrical shock.
[0053] The transmissive window further provides im-
pedance matching between the transducer array and the
body.
[0054] The transmissive window 32 comprises an elas-
tomer layer having conductive particles dispersed in the
elastomer layer to impart pressure-sensitive conductivity
onto the elastomer layer. 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 conductive pathways through
the elastomer layer, i.e. are in permanent contact with
each other. Instead, such conductive pathways are tem-
porarily formed by the application of a pressure on the
elastomer layer, thus causing a change, e.g. a decrease,
in the electrical resistance of the elastomer layer. A
change in the applied pressure to the elastomer layer
typically causes a change in the number and/or length
of the conductive pathways formed by the conductive
particles through the elastomer layer, such that a change
in pressure applied to the elastomer layer typically caus-
es a change in the electrical resistance of this layer.
[0055] Therefore, the electrical resistance of the elas-
tomer layer provides an indication of the contact between
the transducer arrangement of the ultrasound device and
a surface brought into contact with the transmissive win-
dow, e.g. part of a body of a patient to be exposed to the
ultrasound waves.
[0056] Alternatively, the conductive particles may be
present in a concentration in the elastomer above the
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percolation threshold of the elastomer, i.e. above the limit
at which the conductive particles form permanent con-
ductive pathways through the elastomer layer, i.e. are in
permanent contact with each other. In this embodiment,
such conductive pathways are temporarily disrupted by
the application of a pressure on the elastomer layer, thus
causing a change, e.g. an increase, in the electrical re-
sistance of the elastomer layer.
[0057] In order to achieve good pressure sensitivity in
the elastomer layer, the concentration of the conductive
particles in the elastomer layer preferably is at least 15%
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 per-
colation threshold, to maximize piezoelectric sensitivity
of the elastomer, e.g. the concentration of the conductive
particles in the elastomer layer may be 15-25% by volume
based on the total volume of the elastomer layer.
[0058] The elastomer layer preferably is acoustically
matched to the acoustic impedance of the transducer
array, i.e. has an acoustic impedance that approximately
matches the acoustic impedance of the transducer array.
For example, in case of the transducer array comprising
piezoelectric transducers, the elastomer layer 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 may have an
acoustic impedance ranging from 1.3 - 1.9 MRayls, which
has the further advantage that he acoustic impedance is
closely matched to that of body tissue, which typically
has acoustic impedance of about 1.6 MRayls.
[0059] In an example embodiment, the elastomer layer
has an acoustic impedance ranging from 1.4 - 1.7
MRayls.
[0060] The acoustic impedance of the elastomer layer
may be tuned by selection of the elastomer, i.e. by choos-
ing an elastomer having a suitable intrinsic acoustic im-
pedance, which intrinsic acoustic impedance may be ad-
justed by the inclusion of conductive particles having a
further intrinsic acoustic impedance, such that the overall
acoustic impedance of the elastomer layer is defined by
the combination of the intrinsic acoustic impedance of
the elastomer and the further intrinsic acoustic imped-
ance of the conductive particles. A mixture of conductive
particles having different intrinsic acoustic impedances
may be used for this purpose.
[0061] For example, the acoustic impedance of the
elastomer layer may be tuned by selecting conductive
particles having a particular density and/or size, as the
acoustic impedance Z of the particle may be expressed
as Z = v ∗ ρ, in which v is the speed of sound and ρ 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. Any suitable elas-
tomer may be used as the elastomer for the elastomer
layer.
[0062] For example, the elastomer may be a polyolefin,
a diene polymer or a polysiloxane, a co-polymer or block-

copolymer comprising a polyolefin, a diene polymer or a
polysiloxane or a blend thereof although embodiments
are not limited thereto. Polybutadiene, polydimethylsi-
loxane and relatively soft polyether block amides (PEBA)
commonly used in catheters, are specifically mentioned
as suitable elastomers.
[0063] Any suitable conductive particle may be used
in the elastomer layer. For example, the conductive par-
ticles may comprise at least one of carbon particles, e.g.
graphite or graphene particles, carbon composite parti-
cles, ceramic particles, metal particles, metal alloy par-
ticles, composite metal particles and conductive metal
oxide particles although embodiments are not limited
thereto.
[0064] In at least some embodiments, the elastomer
layer comprises a mixture of conductive particles and
non-conductive particles. The inclusion of non-conduc-
tive particles may be useful to tune the acoustic imped-
ance of the elastomer layer. For example, the non-con-
ductive particles may be particles having a relatively high
density such that a small fraction of non-conductive par-
ticles relative to the total fraction of particles (i.e. non-
conductive particles + conductive particles) in the elas-
tomer layer can significantly increase the acoustic im-
pedance of the elastomer layer without significantly re-
ducing its piezoelectric sensitivity. Any suitable non-con-
ductive particles or mixture of non-conductive particles
may be used for this purpose. By way of non-limiting ex-
ample, the non-conductive particles may be ceramic par-
ticles, e.g. transition metal oxide, nitride, carbide parti-
cles, high-density metal oxide, nitride, carbide particles
and so on.
[0065] In an embodiment, the elastomer layer has a
thickness in the range of 10-200 mm, e.g. 150 mm. If the
thickness of the elastomer layer exceeds 200 mm, the
flexibility of the elastomer layer may deteriorate. If the
thickness of the elastomer layer is less than 10 mm, it
may be difficult to achieve the desired pressure sensitivity
in the elastomer layer.
[0066] In a particular embodiment, the the pressure
sensitive elastomer layer may be a matching layer having
a thickness of λ/A to prevent reflections of ultrasound
waves having a wavelength λ passing through the elas-
tomer layer. For example, the propagation speed v of
ultrasound waves through PDMS is 1000 m/sec. For ul-
trasound waves having a frequency f of 10 MHz, λ = 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 are effec-
tively avoided. From the foregoing, it will be immediately
apparent to the skilled person that the thickness d of the
elastomer layer may be tuned based on the propagation
speed v of ultrasound waves through the elastomer layer
as well as based on the major or center frequency f of
the ultrasound waves generated by the ultrasound de-
vice.
[0067] The ultrasound device may be adapted to gen-
erate ultrasound waves in a particular wavelength range
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in the body of the patient. For example, ultrasound waves
in the 7-12 MHz range correspond to a wavelength in the
body of about 0.1-0.2 mm. The maximum particle size of
the conductive particles in the elastomer layer preferably
are chosen in accordance with the wavelength range of
the ultrasound waves that the ultrasound device can pro-
duce in order to minimize reflection of the ultrasound
waves emanating from the transducer array (or of ultra-
sound echoes returning to the ultrasound device). For
this reason, the conductive particles and non-conductive
particles if present preferably have a maximum diameter
of less than 10% of the minimum ultrasound wavelength
that can be produced by the ultrasound device.
[0068] 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
particles may have any suitable shape, e.g. may be
spherical, platelets, flakes, nanoparticles including core-
shell nanoparticles, nanowires, nanorods, nanotubes
and so on.
[0069] The electrode arrangement coupled to the elas-
tomer layer is for example arranged along the periphery
of the elastomer layer, i.e. is arranged along at least one
edge of the elastomer layer. The controller 38 performs
the function of a sensing circuit, which for example ap-
plies a voltage potential across the elastomer layer with
the electrode arrangement and measures the resulting
current running through the elastomer layer. Alternative-
ly, the controller 38 may be arranged to apply a current
across the elastomer layer with the electrode arrange-
ment and measure the resulting voltage drop across the
elastomer layer to determine its resistivity. Other suitable
ways of measuring the piezoelectric resistivity of the elas-
tomer layer will be immediately apparent to the skilled
person.
[0070] The transmissive window 32 may comprise ad-
ditional acoustically transparent layers. An optional outer
layer 40 is shown in Figure 3. It may be used to protect
the elastomer layer 32 from damage and to protect the
patient from accidental electrical shock during electrical
conductivity of the elastomer layer.
[0071] The outer layer 40 for example may comprise
a blend of a thermoplastic polymer selected from a poly-
olefin family (thermoplastic polyolefin or TPO) and an
elastomer selected from a polyolefin family (polyolefin
elastomer or POE). Thermoplastic polymers demon-
strate plastic elastic behavior and are thermoformable
(having the property of softening or fusing when heated
and of hardening again when cooled). This formability is
reversible, in other words can be repeated as often as
required as long as the material is not thermally damaged
by overheating. In thermoplastic polyolefin for example,
compared to the saturated hydrocarbons, the polyolefin
family provides the thermoplastic polymer with a relative-
ly light molecular weight. The introduction of a polyolefin
elastomer into a blend of a polyolefin thermoplastic pol-

ymer used for an outer layer may provide an increased
shear wave attenuation that beneficially reduces cross-
talk between the ultrasound transducer elements of dif-
ferent ultrasound transducer tiles. The transmissive win-
dow 32 of the ultrasound device may thus include an
outer layer formed from a blend of the thermoplastic poly-
olefin and polyolefin elastomer to achieve a reduction of
image artifacts during ultrasound imaging.
[0072] An introduction of the polyolefin elastomer into
a blend with a thermoplastic polyolefin may change the
density of the blend compared to the pure thermoplastic,
such that the acoustic impedance of the outer layer may
be beneficially adjusted to match the acoustic impedance
of the elastomer layer 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 ve-
locity, acoustic energy attenuation and shear wave at-
tenuation, may be also tuned by selecting a different ratio
of the elastomer content blended in the thermoplastic
polymer. It is desirable to use thermoplastic polyolefin at
the outer layer, which may provide mechanical robust-
ness without compromising ultrasound image quality.
[0073] An example material for the thermoplastic pol-
ymers used in the outer layer 40 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 transmissive window 32 arranged to face the
transducer array to the outer surface of the acoustic win-
dow 32. 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.
[0074] By providing a temperature sensitive particle
filled polymer, temperature protection can be provided.
For example, the transducer may be switched off if tem-
peratures rise above an acceptable level. There may be
two sensing layers where one is temperature sensitive
and the other pressure sensitive or else a single layer
may perform both functions.
[0075] An inner layer may also be provided between
the transducer arrangement and the transmissive win-
dow 32. This electrically insulates the transducer array
from the elastomer layer.
[0076] International patent application with number
PCT/EP2017/059907 provides implementations of the
transmissive window with pressure sensitive conductivity
measurement. It is herewith incorporated by reference.
The application provides details for materials, design op-
tions and feedback signal measurement which can be
used with the device of the current displosure. Optimisa-
tions disclosed in this international application may be
used with the device of the curreten disclosure with sim-
ilar advantages as described.
[0077] The electroactive material actuator 34 is typi-
cally based on an electroactive polymer material, al-
though the invention can in fact be used for devices based
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on other kinds of EAM material. Such other EAM mate-
rials are known in the art and the person skilled in the art
will know where to find them and how to apply them. A
number of options will be described herein below.
[0078] A common sub-division of EAM devices is into
field-driven and current or charge (ion) driven EAMs.
Field-driven EAMs are actuated by an electric field
through direct electromechanical coupling, while the ac-
tuation mechanism for current or charge driven EAMs
involves the diffusion of ions. The latter mechanism is
more often found in the corresponding organic EAMs
such as EAPs. While field driven EAMs generally are
driven with voltage signals and require corresponding
voltage drivers/controllers, current driven EAMs gener-
ally are driven with current or charge signals sometimes
requiring current drivers. Both classes of materials have
multiple family members, each having their own advan-
tages and disadvantages.
[0079] Field driven EAMs can be organic or inorganic
materials and if organic can be single molecule, oligo-
meric or polymeric. For the current invention they are
preferably organic and then also oligomeric or even pol-
ymeric. The organic materials and especially polymers
are an emerging class of materials of growing interest as
they combine the actuation properties with material prop-
erties such as light weight, cheap manufacture and easy
processing.
[0080] The field driven EAMs and thus also EAPs are
generally piezoelectric and possibly ferroelectric and
thus comprise a spontaneous permanent polarization (di-
pole moment). Alternatively, they are electrostrictive and
thus comprise only a polarization (dipole moment) when
driven, but not when not driven. Alternatively they are
dielectric relaxor materials. Such polymers include, but
are not limited to, the sub-classes: piezoelectric poly-
mers, ferroelectric polymers, electrostrictive polymers,
relaxor ferroelectric polymers (such as PVDF based re-
laxor polymers or polyurethanes), dielectric elastomers,
liquid crystal elastomers. Other examples include elec-
trostrictive graft polymers, electrostrictive paper, elec-
trets, electroviscoelastic elastomers and liquid crystal
elastomers.
[0081] The lack of a spontaneous polarization means
that electrostrictive polymers display little or no hysteretic
loss even at very high frequencies of operation. The ad-
vantages are however gained at the expense of temper-
ature stability. Relaxors operate best in situations where
the temperature can be stabilized to within approximately
10 °C. This may seem extremely limiting at first glance,
but given that electrostrictors excel at high frequencies
and very low driving fields, then the applications tend to
be in specialized micro actuators. Temperature stabili-
zation of such small devices is relatively simple and often
presents only a minor problem in the overall design and
development process.
[0082] Relaxor ferroelectric materials can have an
electrostrictive constant that is high enough for good
practical use, i.e. advantageous for simultaneous sens-

ing and actuation functions. Relaxor ferroelectric mate-
rials are non-ferroelectric when zero driving field (i.e. volt-
age) is applied to them, but become ferroelectric during
driving. Hence there is no electromechanical coupling
present in the material at non-driving. The electrome-
chanical coupling becomes non-zero when a drive signal
is applied and can be measured through applying the
small amplitude high frequency signal on top of the drive
signal, in accordance with the procedures described
above. Relaxor ferroelectric materials, moreover, benefit
from a unique combination of high electromechanical
coupling at non-zero drive signal and good actuation
characteristics.
[0083] The most commonly used examples of inorgan-
ic relaxor ferroelectric materials are: lead magnesium
niobate (PMN), lead magnesium niobate-lead titanate
(PMN-PT) and lead lanthanum zirconate titanate (PLZT).
But others are known in the art.
[0084] PVDF based relaxor ferroelectric based poly-
mers show spontaneous electric polarization and they
can be pre-strained for improved performance in the
strained direction. They can be any one chosen from the
group of materials herein below.
[0085] Polyvinylidene fluoride (PVDF), Polyvinylidene
fluoride - trifluoroethylene (PVDF-TrFE), Polyvinylidene
fluoride - trifluoroethylene - chlorofluoroethylene (PVDF-
TrFE-CFE), Polyvinylidene fluoride - trifluoroethylene -
chlorotrifluoroethylene) (PVDF-TrFE-CTFE), Polyvinyli-
dene fluoride- hexafluoropropylene (PVDF - HFP), poly-
urethanes or blends thereof.
[0086] The current driven EAMs and EAPs comprise
conjugated polymers, Ionic Polymer Metal Composites,
ionic gels and polymer gels.
[0087] Examples of ionic-driven EAPs are conjugated
polymers, carbon nanotube (CNT) polymer composites
and Ionic Polymer Metal Composites (IPMC).
[0088] The sub-class dielectric elastomers includes,
but is not limited to:
acrylates, polyurethanes, silicones.
[0089] The sub-class conjugated polymers includes,
but is not limited to:
polypyrrole, poly-3,4-ethylenedioxythiophene, poly(p-
phenylene sulfide), polyanilines.
[0090] The materials above can be implanted as pure
materials or as materials suspended in matrix materials.
Matrix materials can comprise polymers.
[0091] To any actuation structure comprising EAM ma-
terial, additional passive layers may be provided for in-
fluencing the behavior of the EAM layer in response to
an applied drive signal.
[0092] The actuation arrangement or structure of an
EAM device can have one or more electrodes for provid-
ing the control signal or drive signal to at least a part of
the electroactive material. Preferably the arrangement
comprises two electrodes. The EAM layer may be sand-
wiched between two or more electrodes. This sandwich-
ing is needed for an actuator arrangement that comprises
an elastomeric dielectric material, as its actuation is
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among others due to compressive force exerted by the
electrodes attracting each other due to a drive signal.
The two or more electrodes can also be embedded in
the elastomeric dielectric material. Electrodes can be pat-
terned or not.
[0093] It is also possible to provide an electrode layer
on one side only for example using interdigitated comb
electrodes. If electrodes are on one side only, a reflective
device may be formed without the need for transparent
electrodes.
[0094] A substrate can be part of the actuation arrange-
ment. It can be attached to the ensemble of EAP and
electrodes between the electrodes or to one of the elec-
trodes on the outside.
[0095] The electrodes may be stretchable so that they
follow the deformation of the EAM material layer. This is
especially advantageous for EAP materials. Materials
suitable for the electrodes are also known, and may for
example be selected from the group consisting of thin
metal films, such as gold, copper, or aluminum or organic
conductors such as carbon black, carbon nanotubes,
graphene, poly-aniline (PANI), poly(3,4-ethylenediox-
ythiophene) (PEDOT), e.g. poly(3,4-ethylenedioxythi-
ophene) poly(styrenesulfonate) (PEDOT:PSS). Metal-
ized polyester films may also be used, such as metalized
polyethylene terephthalate (PET), for example using an
aluminum coating.
[0096] The materials for the different layers will be se-
lected for example taking account of the elastic moduli
(Young’s moduli) of the different layers.
[0097] Additional layers to those discussed above may
be used to adapt the electrical or mechanical behavior
of the device, such as additional polymer layers.
[0098] Figure 4 shows a modification to the device of
Figure 3 having an inner layer 50 between the transducer
arrangement 30 and the pressure sensitive layer 32 as
well as the top layer 40. This provides a more integrated
arrangement.
[0099] Figure 5 shows the conductive particle filled pol-
ymer 32. There is an elastomer matrix 52 and conducting
particles 54. Depending on the deformation behaviour of
the composite, conductive paths are made or broken dur-
ing deformation causing a positive or negative piezore-
sistive effect.
[0100] Figure 6 shows that the pressure sensitive layer
32 may be in the form of a matrix of addressable ele-
ments, for instance addressed by a thin conductive pat-
tern on a thin foil. The interconnect pattern can also be
on top of the acoustic transducer arrangement. In this
way a pressure profile over the window (which may be
flat or a lens) can be determined.
[0101] By way of example, Figure 7 shows an example
of the response of a conductive particle filled polymer
(silicone and carbon black) and shows the resistance
against time. The pressure sensitive material is gently
pressed for a short duration resulting in a resistance peak
[0102] The conductive particle filled polymer can be
optimized for pressure response and also for tempera-

ture sensitivity, for sensing the temperature at the trans-
ducer arrangement output window. As mentioned above,
separate polymers may be used for pressure sensing
and temperature sensing.
[0103] In the esophagus (TEE, transesophageal
echocardiogram) it is difficult to control tissue contact dur-
ing (long) minimally invasive interventions. The device
described above enables an automatic, operator inde-
pendent tissue contact control system.
[0104] There are various possible feedback approach-
es which can be used.
[0105] The electroactive material actuator may itself
perform a pressure sensing function in addition to the
elastomer layer.
[0106] The sensing signal may then comprise the elec-
trical impedance of the EAM measured at a resonance
frequency of the EAM device (typically in the order of
tens of kHz).
[0107] The device may have a second (or further) elec-
troactive material actuator to provide an improved pres-
sure uniformity across the device. In this case, the opti-
mum contact pressure and pressure uniformity across
the device can be realized by optimizing the pressure
signals applied to both devices.
[0108] Pressure sensing signals from the elastomer
layer and from the EAM actuator (being operated as a
sensing device) can be used to optimize the pressure on
the window. The pressure can for example be determined
from the elastomer pressure sensor as this may have a
higher absolute accuracy, whilst the uniformity can be
determined from the two or more EAM actuators by sim-
ply using a comparator and feedback to minimize the
difference in the sensed pressure signal from these two
devices. Such a system would therefore provide two
feedback signals; one for absolute pressure and a sec-
ond for pressure uniformity.
[0109] The device can be applied in a wide range of
medical ultrasound applications for example (but not lim-
ited to) on body, in the esophagus (TEE, transesopha-
geal echocardiogram) wearable ultrasound, large area
ultrasound. Different transducer types may be used such
as PZT, single crystal, CMUT.
[0110] The ultrasound device may be an ultrasound
probe or the like for use in an ultrasound imaging system
or an ultrasound therapy system. The ultrasound probe
may form part of a catheter for invasive imaging or treat-
ment, may form part of a hand-held device for non-inva-
sive imaging or treatment or may form part of a wearable
device, e.g. for prolonged treatment of particular area of
the body of a patient.
[0111] The ultrasound device may form part of an ul-
trasound system such as an ultrasonic diagnostic imag-
ing system or an ultrasonic therapy system.
[0112] An example embodiment of an ultrasonic diag-
nostic imaging system is schematically depicted in block
diagram form in Figure 8.
[0113] A transducer array 56 comprising the ultra-
sound transducer tiles 58 is provided in an ultrasound
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device 60 in the form of a probe for transmitting ultrasonic
waves and receiving echo information. The transducer
array 56 may be a one- or a two-dimensional array of
transducer elements, e.g. tiles 58, capable of scanning
in a 2D plane or in three dimensions for 3D imaging.
[0114] The transducer array 56 is coupled to a mi-
crobeam former 62 in the probe 60 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.)
The microbeam former 62 is coupled by the probe cable,
e.g. coaxial wire, to a transmit/receive (T/R) switch 66
which switches between transmission and reception
modes and protects the main beam former 70 from high
energy transmit signals when a microbeam former is not
present or used and the transducer array 56 is operated
directly by the main system beam former 70. The trans-
mission of ultrasonic beams from the transducer array
56 under control of the microbeam former 62 is directed
by a transducer controller 68 coupled to the microbeam
former by the T/R switch 66 and the main system beam
former 70, which receives input from the user’s operation
of the user interface or control panel 88. One of the func-
tions controlled by the transducer controller 68 is the di-
rection in which beams are steered and focused. Beams
may be steered straight ahead from (orthogonal to) the
transducer array 56, or at different angles for a wider field
of view. The transducer controller 68 is coupled to control
a voltage source 63 for the transducer array 56. For in-
stance, the voltage source 63 sets DC and AC bias volt-
age(s) that are applied to the CMUT cells 58 of a CMUT
array 56, e.g. to drive the CMUT cells into a collapse
mode.
[0115] The partially beam-formed signals produced by
the microbeam former 62 are forwarded to the main beam
former 70 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 70 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
58. In this way the signals received by thousands of trans-
ducer elements of a transducer array 56 can contribute
efficiently to a single beam-formed signal.
[0116] The beam-formed signals are coupled to a sig-
nal processor 72. The signal processor 72 can process
the received echo signals in various ways, such as band-
pass filtering, decimation, I 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.
[0117] The signal processor 72 optionally may perform
additional signal enhancement such as speckle reduc-

tion, signal compounding, and noise elimination. The
bandpass filter in the signal processor 72 may be a track-
ing filter, with its pass band sliding from a higher frequen-
cy band to a lower frequency band as echo signals are
received from increasing depths, thereby rejecting the
noise at higher frequencies from greater depths where
these frequencies are devoid of anatomical information.
[0118] The processed signals are coupled to a B-mode
processor 76 and optionally to a Doppler processor 78.
The B-mode processor 76 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.)
[0119] The Doppler processor 78, 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.
For instance, the wall filter can be set to have a pass
band characteristic which passes signal of relatively low
amplitude from higher velocity materials while rejecting
relatively strong signals from lower or zero velocity ma-
terial.
[0120] This pass band characteristic will pass signals
from flowing blood while rejecting signals from nearby
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. The structural and motion
signals produced by the B-mode (and Doppler) proces-
sor(s) are coupled to a scan converter 82 and a multipla-
nar reformatter 94. The scan converter 82 arranges the
echo signals in the spatial relationship from which they
were received in a desired image format. For instance,
the scan converter may arrange the echo signal into a
two dimensional (2D) sector-shaped format, or a pyram-
idal three dimensional (3D) image.
[0121] The scan converter can overlay a B-mode struc-
tural image with colors corresponding to motion at points
in the image field with their Doppler-estimated velocities
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to produce a color Doppler image which depicts the mo-
tion of tissue and blood flow in the image field. The mul-
tiplanar reformatter 94 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 92 converts the echo sig-
nals of a 3D data set into a projected 3D image as viewed
from a given reference point as described in US Pat.
6,530,885 (Entrekin et al.)
[0122] The 2D or 3D images are coupled from the scan
converter 82, multiplanar reformatter 94, and volume ren-
derer 92 to an image processor 80 for further enhance-
ment, buffering and temporary storage for display on an
image display 90. In addition to being used for imaging,
the blood flow values produced by the Doppler processor
78 and tissue structure information produced by the B-
mode processor 76 are coupled to a quantification proc-
essor 84. 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 88, such as the point in the anatomy of an image
where a measurement is to be made.
[0123] Output data from the quantification processor
is coupled to a graphics processor 86 for the reproduction
of measurement graphics and values with the image on
the display 90. The graphics processor 86 can also gen-
erate graphic overlays for display with the ultrasound im-
ages. These graphic overlays can contain standard iden-
tifying information such as patient name, date and time
of the image, imaging parameters, and the like. For these
purposes the graphics processor receives input from the
user interface 88, such as patient name.
[0124] The user interface is also coupled to the trans-
mit controller 68 to control the generation of ultrasound
signals from the transducer array 56 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 94 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.
[0125] 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 62 and/or the
Doppler processor 78 may be omitted, the ultrasound
probe 60 may not have 3D imaging capabilities and so
on. Other variations will be apparent to the skilled person.
[0126] 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.
[0127] It should be noted that the above-mentioned
embodiments illustrate 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
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 comprising:

- a transducer arrangement (30);
- an acoustically transmissive window (32) over
said transducer arrangement, said acoustically
transmissive window comprising an elastomer
layer having conductive particles dispersed in
an elastomer material, the elastomer layer hav-
ing a pressure-sensitive conductivity;
- an electrode arrangement coupled to said elas-
tomer layer and adapted to enable measure-
ment of said pressure-sensitive conductivity;
- an electroactive material actuator (34) for bi-
asing the transducer arrangement towards the
transmissive window; and
- a controller (38) for controlling the electroactive
material actuator in dependence on the meas-
ured pressure-sensitive conductivity.

2. The ultrasound device of claim 1, wherein the elas-
tomer layer (32) 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 impedance
of the transducer arrangement (30).

3. The ultrasound device of claim 1 or 2, wherein the
acoustic impedance of the elastomer layer (32) is in
the range of 1.3-3.0 MRayls, preferably wherein the
acoustic impedance is in the range of 1.3-1.9
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MRayls.

4. The ultrasound device of any preceding claim,
wherein the transducer arrangement (30) is adapted
to generate ultrasound waves having a minimum
wavelength in a body to be exposed to the ultrasound
waves, the conductive particles having a maximum
diameter of less than 10% of said minimum wave-
length.

5. The ultrasound device of any preceding claim,
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.

6. The ultrasound device of any preceding claim,
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.

7. The ultrasound device of any preceding claim,
wherein the volume of the conductive particles in the
elastomer layer (32) is at least 15% by volume based
on the total volume of the elastomer layer.

8. The ultrasound device of any of any preceding claim,
wherein the elastomer layer (32) is sandwiched in
between the electrode arrangement.

9. The ultrasound device of claim 8, wherein the elec-
trode arrangement comprises an electrode matrix ar-
ranged to measure the pressure-sensitive conduc-
tivity of individual portions of the elastomer layer.

10. The ultrasound device of any preceding claim,
wherein the acoustically transmissive window (32)
comprises a further elastomer layer (40) having con-
ductive particles dispersed therein, the elastomer
layer having a temperature-sensitive conductivity,
the ultrasound device further comprising a further
electrode arrangement coupled to said further elas-
tomer layer adapted to measure said temperature-
sensitive conductivity.

11. The ultrasound device of any preceding claim,
wherein the controller (38) is further adapted to op-
erate the electroactive material actuator for pressure
sensing.

12. The ultrasound device of any preceding claim, fur-
ther comprising at least a second electroactive ma-
terial actuator, wherein the controller is adapted to
control the first and second electroactive material
actuators to implement a pressure profile.

13. The ultrasound device of any preceding claim,
wherein the or each electroactive material actuator
comprises an electroactive polymer actuator.

Patentansprüche

1. Ultraschallvorrichtung, die Folgendes umfasst:

- eine Transduceranordnung (30);
- ein schalldurchlässiges Fenster (32) über der
Transduceranordnung, wobei das schalldurch-
lässige Fenster eine Elastomerschicht umfasst,
die leitende Teilchen aufweist, die in einem Elas-
tomermaterial verteilt sind, wobei die Elastomer-
schicht eine druckempfindliche Leitfähigkeit
aufweist;
- eine Elektrodenanordnung, die mit der Elasto-
merschicht gekoppelt und angepasst ist, um
Messung der druckempfindlichen Leitfähigkeit
zu ermöglichen;
- einen Aktuator (34) aus elektroaktivem Mate-
rial zum Vorspannen der Transduceranordnung
zu dem durchlässigen Fenster; und
- eine Steuervorrichtung (38) zum Steuern des
Aktuators aus elektroaktivem Material in Abhän-
gigkeit von der gemessenen druckempfindli-
chen Leitfähigkeit.

2. Ultraschallvorrichtung nach Anspruch 1, wobei die
Elastomerschicht (32) eine akustische Impedanz
aufweist, die zu der akustischen Impedanz eines
Körpers, der den Ultraschallwellen, die von der Ul-
traschallvorrichtung erzeugt werden, zu exponieren
ist und oder der akustischen Impedanz der Trans-
duceranordnung (30) passt.

3. Ultraschallvorrichtung nach Anspruch 1 oder 2, wo-
bei die akustische Impedanz der Elastomerschicht
(32) in dem Bereich von 1,3 bis 3,0 MRayl liegt, wobei
die akustische Impedanz vorzugsweise in dem Be-
reich von 1,3 bis 1,9 MRayl liegt.

4. Ultraschallvorrichtung nach dem vorstehenden An-
spruch, wobei die Transduceranordnung (30) ange-
passt ist, um Ultraschallwellen, die eine Mindestwel-
lenlänge aufweisen, in einem Körper, der mit den
Ultraschallwellen zu exponieren ist, zu erzeugen,
wobei die leitenden Teilchen einen maximalen
Durchmesser von weniger als 10 % der Mindestwel-
lenlänge aufweisen.

5. Ultraschallvorrichtung nach einem der vorstehen-
den Ansprüche, wobei das Elastomer ein Polyolefin,
ein Dienpolymer oder ein Polysiloxan, ein Co-Poly-
mer oder Block-Copolymer ist, das ein Polyolefin,
ein Dienpolymer oder ein Polysiloxan oder ein Ge-
misch daraus umfasst.
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6. Ultraschallvorrichtung nach einem der vorstehen-
den Ansprüche, wobei die leitenden Teilchen min-
destens eines von Carbonteilchen, Carbonverbund-
stoffteilchen, Keramikteilchen, Metallteilchen, Me-
talllegierungsteilchen, Verbundstoffmetallteilchen
und leitenden Metalloxidteilchen umfassen.

7. Ultraschallvorrichtung nach einem der vorstehen-
den Ansprüche, wobei das Volumen der leitenden
Teilchen in der Elastomerschicht (32) mindestens
15 Vol.-% basierend auf dem Gesamtvolumen der
Elastomerschicht beträgt.

8. Ultraschallvorrichtung nach einem der vorstehen-
den Ansprüche, wobei die Elastomerschicht (32)
zwischen der Elektrodenanordnung eingeschlossen
ist.

9. Ultraschallvorrichtung nach Anspruch 8, wobei die
Elektrodenanordnung eine Elektrodenmatrix um-
fasst, die eingerichtet ist, um die druckempfindliche
Leitfähigkeit individueller Abschnitte der Elastomer-
schicht zu messen.

10. Ultraschallvorrichtung nach einem der vorstehen-
den Ansprüche, wobei das schalldurchlässige Fens-
ter (32) eine weitere Elastomerschicht (40) umfasst,
in der leitende Teilchen verstreut sind, wobei die
Elastomerschicht eine temperaturempfindliche Leit-
fähigkeit aufweist, wobei die Ultraschallvorrichtung
weiter eine weitere Elektrodenanordnung umfasst,
die mit der weiteren Elastomerschicht, die ange-
passt ist, um die temperaturempfindliche Leitfähig-
keit zu messen, gekoppelt ist.

11. Ultraschallvorrichtung nach einem der vorstehen-
den Ansprüche, wobei die Steuervorrichtung (38)
weiter angepasst ist, um den Aktuator aus elektro-
aktivem Material zur Druckerfassung zu betätigen.

12. Ultraschallvorrichtung nach einem der vorstehen-
den Ansprüche, die weiter mindestens einen zweiten
Aktuator aus elektroaktivem Material umfasst, wobei
die Steuervorrichtung angepasst ist, den ersten und
den zweiten Aktuator aus elektroaktivem Material zu
steuern, um ein Druckprofil umzusetzen.

13. Ultraschallvorrichtung nach einem der vorstehen-
den Ansprüche, wobei der oder jeder Aktuator aus
elektroaktivem Material einen Aktuator aus elektro-
aktivem Polymer umfasst.

Revendications

1. Dispositif à ultrasons comprenant :

- un agencement de transducteur (30) ;

- une fenêtre à transmission acoustique (32) sur
ledit agencement de transducteur, ladite fenêtre
à transmission acoustique comprenant une cou-
che d’élastomère ayant des particules conduc-
trices dispersées dans un matériau élastomère,
la couche d’élastomère ayant une conductivité
sensible à la pression ;
- un agencement d’électrodes couplé à ladite
couche d’élastomère et qui est à même de per-
mettre la mesure de ladite conductivité sensible
à la pression ;
- un actionneur de matériau électroactif (34)
pour presser l’agencement de transducteur vers
la fenêtre transmissive ; et
- un dispositif de commande (38) pour comman-
der l’actionneur de matériau électroactif en fonc-
tion de la conductivité sensible à la pression me-
surée.

2. Dispositif à ultrasons selon la revendication 1, dans
lequel la couche d’élastomère (32) a une impédance
acoustique qui concorde avec l’impédance acousti-
que d’un corps à exposer aux ondes ultrasoniques
produites par le dispositif à ultrasons et/ou avec l’im-
pédance acoustique de l’agencement de transduc-
teur (30).

3. Dispositif à ultrasons selon la revendication 1 ou 2,
dans lequel l’impédance acoustique de la couche
d’élastomère (32) se situe dans la plage de 1,3-3,0
MRayls, de préférence dans lequel l’impédance
acoustique se situe dans la plage de 1,3-1,9 MRayls.

4. Dispositif à ultrasons selon l’une quelconque des re-
vendications précédentes, dans lequel l’agence-
ment de transducteur (30) est à même de générer
des ondes ultrasoniques ayant une longueur d’onde
minimale dans un corps à exposer aux ondes ultra-
soniques, les particules conductrices ayant un dia-
mètre maximal de moins de 10 % de ladite longueur
d’onde minimale.

5. Dispositif à ultrasons selon l’une quelconque des re-
vendications précédentes, dans lequel l’élastomère
est une polyoléfine, un polymère de diène ou un po-
lysiloxane, un copolymère ou un copolymère bloc
comprenant une polyoléfine, un polymère de diène
ou un polysiloxane ou un de leurs mélanges.

6. Dispositif à ultrasons selon l’une quelconque des re-
vendications précédentes, dans lequel les particules
conductrices comprennent au moins l’un des corps
suivants : particules de carbone, particules compo-
sites de carbone, particules céramiques, particules
métalliques, particules d’alliages métalliques, parti-
cules de métaux composites et particules d’oxydes
métalliques conducteurs.
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7. Dispositif à ultrasons selon l’une quelconque des re-
vendications précédentes, dans lequel le volume
des particules conductrices de la couche d’élasto-
mère (32) est d’au moins 15 % en volume sur la base
du volume total de la couche d’élastomère.

8. Dispositif à ultrasons selon l’une quelconque des re-
vendications précédentes, dans lequel la couche
d’élastomère (32) est prise en sandwich entre l’agen-
cement d’électrodes.

9. Dispositif à ultrasons selon la revendication 8, dans
lequel l’agencement d’électrodes comprend une ma-
trice d’électrodes agencée pour mesurer la conduc-
tivité sensible à la pression de parties individuelles
de la couche d’élastomère.

10. Dispositif à ultrasons selon l’une quelconque des re-
vendications précédentes, dans lequel la fenêtre à
transmission acoustique (32) comprend une autre
couche d’élastomère (40) ayant des particules pro-
ductrices qui y sont dispersées, la couche d’élasto-
mère ayant une conductivité sensible à la tempéra-
ture, le dispositif à ultrasons comprenant en outre
un autre agencement d’électrodes couplé à ladite
autre couche d’élastomère et qui est à même de me-
surer ladite conductivité sensible à la température.

11. Dispositif à ultrasons selon l’une quelconque des re-
vendications précédentes, dans lequel le dispositif
de commande (38) est en outre à même de faire
fonctionner l’actionneur de matériau électroactif
pour détecter la pression.

12. Dispositif à ultrasons selon l’une quelconque des re-
vendications précédentes, comprenant en outre au
moins un second actionneur de matériau électroac-
tif, dans lequel le dispositif de commande est à même
de commander le premier et le second actionneur
de matériau électroactif pour mettre en œuvre un
profil de pression.

13. Dispositif à ultrasons selon l’une quelconque des re-
vendications précédentes, dans lequel le ou chaque
actionneur de matériau électroactif comprend un ac-
tionneur de polymère électroactif.
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