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ULTRASOUND DEVICE AND ACOUSTIC
COMPONENT FOR USE IN SUCH A DEVICE

FIELD OF THE INVENTION

[0001] The present invention relates to an ultrasound
device comprising a transducer arrangement for on-body or
in-body ultrasound treatment or imaging. It also relates to an
acoustic component for use in such a device.

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 dedicated
ultrasound receivers and processed to generate an ultrasound
image, e.g. a 1D, 2D or 3D ultrasound image. 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 deposition at the
focus creates local temperatures in the range of about 65° C.
to 85° C., which destroys the diseased tissue by coagulative
necrosis.

[0003] To create good quality signal transfer between the
ultrasound transducer and the body tissue being imaged or
treated, good quality acoustic coupling is required. For
example, special gels may be used that improve the contact
between the ultrasound transducer array and the body tissue.
This avoids transducer to air, and air to body interfaces.

[0004] An output window of an ultrasound transducer
typically has an acoustic impedance which is designed based
on the nature of the body tissue and the ultrasound frequency
to be used.

[0005] Such an output window is thus designed for a
particular imaging or treatment modality. However, some
treatments and imaging procedures involve multiple pro-
cesses, for example at different frequencies. For example,
resonance imaging and harmonic imaging may be performed
at different frequencies, and different treatment frequencies
may be desired.

[0006] It would be desirable to enable setting an acoustic
impedance of an acoustic matching component, and
enabling actuation of the component so that the ultrasound
system can be optimized for different use cases.

SUMMARY OF THE INVENTION

[0007]

[0008] Examples in accordance with an aspect of the
invention provide an acoustic coupling component for posi-
tioning between an ultrasound transducer arrangement and
material (such as a tissue) to be treated or imaged, compris-
ing:

[0009] an electroactive material actuator comprising a
layered electroactive material structure of at least an elec-
troactive material layer and a further material layer of
different acoustic impedance,

[0010] wherein the electroactive material actuator is
adapted to receive an ultrasound signal having a frequency

The invention is defined by the claims.
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from the ultrasound transducer arrangement and to transmit
the ultrasound signal to the material to be treated or imaged;
and

[0011] a controller, wherein the controller is for electri-
cally controlling the electroactive material actuator to imple-
ment a shift of the frequency upon its transmission.

[0012] This component enable setting of an ultrasound
impedance, so that the device can deliver improved acoustic
performance, in that it can provide a shift or a tuning of the
ultrasound frequency transmitted by actuation of the actua-
tor. The shift or tuning may be performed in a dynamic way.
This may for example hold for a resonance ultrasound
frequency transmitted by the actuator.

[0013] The acoustic coupling component for example
delivers a desired acoustic impedance, which can be set by
design. A set acoustic impedance may be obtained by filling
or lamination of the electroactive material, in particular,
using sub-wavelength layers or particles. The actuation
fanction enables shape control. In particular, the actuation of
the device may be used to control a frequency dependent
behavior, by change of layer thickness through actuation.
The ultrasound frequency may depend on an imaging mode
or a treatment mode being used and the actuation of the
component may then enable setting the component to be
optimal for the particular mode being used.

[0014] The component is designed to introduce deliber-
ately caused reflections. Some frequencies are brought into
resonance and hence increase the output pressure for that
frequency. Other frequencies having a negative interference
and hence have a lowered output pressure. In this way a
narrow bandwidth response is created with higher output
pressure. The frequencies are influenced by the thickness of
the layers of the component and at least one of the layers, by
way of it being an electroactive actuator, has adjustable
thickness to therewith change and shift the ultrasound fre-
quencies. A shifted frequency may be a resonance frequency.
The actuator structure may be called a resonant structure.
[0015] Examples in accordance with another aspect of the
invention provide an ultrasound device, comprising:
[0016] a transducer arrangement;

[0017] an acoustic coupling component as defined above
adapted to be positioned between the transducer arrange-
ment and the material to be treated or imaged.

[0018] This device makes use of the tunable ultrasound
coupling component, so that the overall device can be tuned
to deliver optimum performance as a function of the ultra-
sound frequency. This ultrasound frequency may depend on
an imaging mode or a treatment mode being used.

[0019] For setting the acoustic impedance, the acoustic
coupling component may comprise a layer structure of at
least two different materials of different acoustic impedance.
The total contribution to the overall thickness of each type
of material controls the combined effective acoustic imped-
ance.

[0020] In this structure, the layer thickness may be
selected to be a small fraction of the wavelength of the
ultrasound, for example less than % or Yo, to reduce
reflections in the structure.

[0021] This structure sets the acoustic impedance to a
desired value. The sub-wavelength thicknesses of the layers
in the structure are intended to avoid reflections.

[0022] By way of example, a first of the at least two
materials of the structure comprises a PVDF relaxor elec-
troactive polymer material and a second of the at least two
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different materials comprises a silicone dielectric electroac-
tive polymer material. This material includes VDF units in
the polymer backbone. There may be other units such as
tirfluoroethylene as well. The PVDF material for example
has an acoustic impedance of around 4 MRayls and the
silicone material for example has an acoustic impedance of
around 1 MRayls.

[0023] The acoustic coupling component comprises a
resonance structure. This can serve to amplify an acoustic
signal thereby improving the signal to noise for imaging
applications and increasing the signal strength or reducing
attenuation for tissue treatment applications.

[0024] For this purpose, the acoustic coupling component
may have a single electroactive material layer (or a single
type of multilayer structure which provides a general acous-
tic impedance), or it may comprise a layer arrangement of at
least two different materials of different acoustic impedance
(or two different types of multilayer structure). The layers of
the “arrangement” (or multilayer structures) are thicker than
the layers of the “structure” so as to form reflection inter-
faces.

[0025] Ina first example, the acoustic coupling component
comprises a layer arrangement of at least two different
materials of different acoustic impedance. In this way,
boundary reflections are established. The thickness of the
actuated layers varies in dependence on the actuation, and
this then influences the frequency characteristics of the layer
arrangement in a predictable way.

[0026] In one implementation, a first of the at least two
different materials is an electroactive material and has
associated actuator electrodes and a second of the at least
two different materials is a passive layer. Thus, there may be
a single type of actuated layer.

[0027] In another implementation, both first and second of
the at least two different materials are electroactive materials
each with associated actuator electrodes. Thus, there may be
two or more different types of actuated layer. They may
expand or contract together to reduce stresses in the layer
arrangement, but they have different acoustic impedance.

[0028] The layer arrangement may comprise a top and
bottom layer of first acoustic impedance and a middle layer
of second, higher or lower acoustic impedance. This defines
athree layer arrangement. The middle layer may be actuated
and the top and bottom layers may be passive, or the top and
bottom layers may be actuated and the middle layer may be
passive, or they may all be actuated. Reflections arise at both
surfaces of the middle layer and a resonant frequency is
established. Resonance may also arise in the top and/or
bottom layers.

[0029] In all examples above, the electroactive material
composite may comprise an electroactive material layer
having filler particles for setting the acoustic impedance.

[0030] When the transducer arrangement is adapted to
generate ultrasound waves having a minimum wavelength in
the tissue, the filler particles have a maximum linear dimen-
sion of less than 20% of said minimum wavelength. This
prevents scattering of the ultrasound beam enabling control
of the acoustic impedance.

[0031] The filler particles for example comprise ceramic
particles.
[0032] Alternatively, the filler particles may comprise

metal particles coated with a non-conductive coating. These
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may have a higher density and may therefore be needed in
a lower concentration to deliver a desired shift in acoustic
impedance.

[0033] There may be a segmented electrode arrangement
associated with the electroactive material layer. The filler
particles may have a non-uniform density across the area of
the electroactive material layer as a result of the manufac-
turing process. This causes a non-uniform deformation pro-
file to be established. The segmented electrode arrangement
can be used to compensate for this, in a calibration process.
[0034] The acoustic coupling component using filler par-
ticles may comprise a layer arrangement of two different
materials of different overall acoustic impedance (as
explained above). One of the materials may comprise an
electroactive material layer with the particles and the other
may comprise the electroactive material layer without the
particles.

[0035] By way of example, the electroactive material
actuator typically comprises a relaxor PVDF electroactive
polymer layer.

[0036] In one set of examples, the acoustic matching
component comprises an acoustically transmissive window
over the transducer arrangement. The setting of the acoustic
impedance is used to provide impedance matching between
the window and the material, or to provide acoustic reso-
nance.

[0037] In another set of examples, the acoustic matching
component is spaced from the transducer arrangement. This
is of interest for a resonance component, which introduces
a signal amplification between the transducer arrangement
and the tissue.

[0038] Use of acoustic resonance means that around the
resonance frequency the signal is amplified. At half and 1.5
times this frequency the amplitude is reduced, as the ampli-
fication is based on a pattern of constructive and destructive
interference. The total pressure output remains the same if
ignoring losses.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] Examples of the invention will now be described in
detail with reference to the accompanying drawings, in
which:

[0040] FIG. 1 shows an electroactive material device
which is not clamped to a carrier layer;

[0041] FIG. 2 shows an electroactive material device
which is designed so that the expansion arises only in one
direction;

[0042] FIG. 3 shows schematically an ultrasound device
making use of tunable impedance matching;

[0043] FIG. 4 shows an example of a layer structure for
use in the ultrasound device of FIG. 3;

[0044] FIG. 5 shows a first example of a layer arrangement
for use in the ultrasound device of FIG. 3;

[0045] FIG. 6 shows a second example of a layer arrange-
ment for use in the ultrasound device of FIG. 3;

[0046] FIG. 7 shows how the acoustic coupling compo-
nent may be remote from the transducer arrangement; and

[0047] FIG. 8 shows an ultrasound system using the
device.
[0048] 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.
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DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0049] The invention provides an ultrasound device for
treatment or imaging of material such as tissue, comprising
a transducer arrangement and an acoustic coupling compo-
nent positioned between the transducer arrangement and the
material. The acoustic coupling component comprises an
electroactive material actuator which uses a layered electro-
active material structure composite. It is controlled to imple-
ment frequency tuning of the acoustic coupling component.
In this way, the acoustic coupling can be optimized for
different frequencies of operation. The invention also relates
to the acoustic coupling component itself.

[0050] In particular, actuation of the electroactive material
actuator causes a change in thickness of the layer, which can
change the behavior of a resonant component using the
layer.

[0051] The invention makes use of an actuator using an
electroactive material (EAM). This is a class of materials
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.

[0052] There exist inorganic and organic EAMs.

[0053] A special kind of organic EAMs are electroactive
polymers (EAPs). Electroactive polymers (EAP) are an
emerging class of electrically responsive materials. EAPs,
like EAMs can work as sensors or actuators, but can be more
easily manufactured into various shapes allowing easy inte-
gration into a large variety of systems. 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 offers a big
advantage over common sensor/actuator solutions, due to
the combination of a relatively large deformation and force
in a small volume or thin form factor, compared to common
actuators. EAPs also give noiseless operation, accurate
electronic control, fast response, and a large range of pos-
sible actuation frequencies, such as 0-20 kHz.

[0054] As an example of how an EAM device can be
constructed and can operate, FIGS. 1 and 2 show two
possible operating modes for an EAP device that comprises
an electroactive polymer layer 14 sandwiched between
electrodes 10, 12 on opposite sides of the electroactive
polymer layer 14.

[0055] FIG. 1 shows a device which is not clamped to a
carrier layer. A voltage is used to cause the electroactive
polymer layer to expand in all directions as shown.

[0056] FIG. 2 shows a device which is designed so that the
expansion arises only in one direction. To this end the
structure of FI1G. 1 is clamped or attached to a carrier layer
16. A voltage is used to cause the electroactive 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 carrier layer which does not.
[0057] FIG. 3 shows an ultrasound device for treatment or
imaging of tissue, in two possible configurations. It com-
prises an ultrasound transducer arrangement 30 and an
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acoustic coupling component 32 positioned between the
transducer arrangement 30 and the tissue 34 to be treated or
imaged. The acoustic coupling component 32 comprises an
electroactive material actuator, which in particular makes
use of an electroactive material composite. It enables imped-
ance matching and the actuation is then for beam steering or
shaping or for resonant frequency tuning, in all cases to alter
properties of the acoustic path between the transducer and
the tissue.

[0058] The electroactive material composite uses at least
two different materials. One is an electroactive material and
the other 1s a further material for acoustic impedance setting.
The setting may be achieved using a thin layer structure or
by using filler particles. These options are discussed further
below. At least one layer is actuatable, i.e. able to deliver a
shape change in response to a drive signal.

[0059] A controller 36 is provided for controlling the
electroactive material actuator thereby to implement the
shape control of the acoustic coupling component 32. The
shape control results in frequency tuning.

[0060] The left part of FIG. 3 shows the acoustic coupling
component 32 against an output window of the transducer
arrangement 30. The right part of FIG. 3 shows the acoustic
coupling component 32 remote from the transducer arrange-
ment, but in the path between the tissue 34 and the trans-
ducer arrangement 30.

[0061] This device enables tuning of the ultrasound cou-
pling component 32, so that the device can be tuned to
deliver optimum performance as a function of the ultrasound
frequency. This ultrasound frequency may depend on an
imaging mode or a treatment mode being used.

[0062] The acoustic coupling component presents a
desired acoustic impedance. By combining sub layers of
different types of electroactive material in a multilayer
structure the impedance can be set to a desired value.
[0063] Once set, by the choice and dimensions of the
layers, the overall structure can be actuated to alter the layer
thicknesses. As explained below, this actuation is used to
alter an ultrasound frequency which may be a resonance
frequency.

[0064] FIG. 4 shows an electroactive multilayer structure
comprising a first type 40 of electroactive material with
acoustic impedance 71 and a second type 42 of electroactive
material with acoustic impedance 72, arranged in an alter-
nate stack. For example, one material type is a silicone (a
dielectric electroactive material) and the other type is a
relaxor ter-polymer such as poly(vinylidene fluoride-trifluo-
roethylene-chlorofluoroethylene) [P(VDF-TrFE-CFE))).
[0065] If number and thickness of the (sub) layers is equal,
the impedance is (Z1+72)/2. In this example, a silicone has
an acoustic impedance of around Z1=1 MRayls and PVDF
has an acoustic impedance of around Z2=4 MRayls, giving
a result of 2.5 MRayls. By varying thicknesses or the
number of layers, the impedance can be designed to be
somewhere from 71 to Z2.

[0066] In particular:

[0067] Zavg=(d171+d272)/(d1+d2) and d1 is the sum of
thicknesses of layers with acoustic impedance Z1 and d2 is
the sum of thicknesses of layers with acoustic impedance
72.

[0068] This structure is intended only for fixed acoustic
impedance setting.

[0069] Itis described as a “layer structure”, but the layers
may also be in the form of a composite structure, for
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example using filler particles. The layer structure presents a
general overall acoustic impedance, and does not provide
significant internal acoustic reflections. It may therefore be
considered to be equivalent to a single bulk material layer
with a single effective acoustic impedance.

[0070] In order to prevent reflections at the interface
between layers the thickness of these layers is preferably
smaller than Y5 of the wavelength, and more preferable less
than Yio. The difference in impedance of the overall multi-
layer structure with the surrounding determines the level of
reflection.

[0071] As an example, in silicones the speed of sound is
close to 1000 msec. At a frequency of 10 MHz the wave-
length is 100 micrometers. The individual silicone layer
should therefore be thinner than 10 microns. In the ter-
polymer layer the speed of sound will be close to a factor of
four higher. In that case the wavelength is also smaller with
the same factor and these layers should then be thinner than
2.5 microns for use at 10 MHz.

[0072] Each sub layer may have its own electrode arrange-
ment. The voltages applied to the different sub layers may
need to be the same or different in order to obtain the same
deformation of all layers. In particular, the different layers
are likely to have a different deformation response to applied
voltages.

[0073] The layer structure may have only one type of
actuatable material, and the other material may be passive
(by which is meant that it is not electrically controlled). This
still enables tuning of the thickness but the maximum
deformation level will be lower.

[0074] The material is for example 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 the case
of the transducer array comprising piezoelectric transducers,
the electroactive material layer may have an acoustic imped-
ance ranging from 1.3-3.0 MRayls, whereas in the case of
the transducer array comprising CMUT elements, the layer
may have an acoustic impedance ranging from 1.3-1.9
MRayls, which has the further advantage that the acoustic
impedance is closely matched to that of body tissue, which
typically has acoustic impedance of about 1.6 MRayls.

[0075] The “layer structure” of FIG. 4 thus sets a desired
impedance by having a combination of very thin layers.
Actuation of the device does not change the acoustic imped-
ance. The difference between the set impedance and the
surrounding media determines level of reflection.

[0076] As will be described below, one use of the structure
of FIG. 4 is to create a resonant structure. The thickness of
the layer in which reflections occur then determines a
frequency of resonance.

[0077] The acoustic coupling component comprises a
resonance structure. This resonance structure may have one
or more layers with reflections at the layer boundaries. Each
layer may be a single material layer, or it may be a “layer
structure” of the type described above. Together, multiple
layers may be considered to form a “layer arrangement”.
Thus, the term “layer structure” is used to denote a structure
in which the layers simply aim to set the overall effective
acoustic impedance, whereas the term “layer arrangement”
is used to denote layer of greater thickness and the thickness
is controlled to effect a resonance frequency control. Any
one “layer” of the “layer arrangement™ may in fact comprise
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a complete “layer structure” but it can be treated as a single
layer with a single effective acoustic impedance.

[0078] The electroactive material layer is selected with a
different impedance to its surroundings. It has a larger
thickness so that reflections are not suppressed. These sur-
roundings may be other materials which are part of the
device or may be tissue, skin or blood, etc. The impedance
mismatches create reflections.

[0079] Reflections lead to a resonance with a frequency
depending on the layer thickness. Resonance occurs at 2d=A
where d is the thickness of the layer and A the wavelength.
[0080] As f=v/h, (f is the frequency and v is the sound
velocity) the resonance frequency is f=v/2d [in units of 1/s].
[0081] The electroactive material actuator for example has
electrodes in the form of conductive thin films on either side.
Upon actuation, the thickness of the material film decreases,
shifting the acoustic resonance to a higher frequency. By
controlling the applied voltage, a resonance frequency
between the non-actuated situation and the maximum actu-
ated situation can be selected. Resonance frequency sweeps
are also possible.

[0082] The electrodes are acoustically transparent as they
are very thin for instance sub-micron metal layers. It is also
an option to apply (thicker) electrodes with impedance close
to the electroactive material for example by using conduct-
ing polymers.

[0083] The level of reflection at the interfaces between the
electroactive material layer and its surrounding can be
controlled by selecting a desired impedance of the electro-
active material layer.

[0084] One option is to form the layer from sub-wave-
length sub-layers as explained above to create a layer
structure which sets the overall acoustic impedance. Thus,
the resonance structure may comprise one or more layers, or
one or more layer structures of the type of FIG. 4. Another
option for setting the acoustic impedance is to provide filler
particles. This is discussed further below.

[0085] The level of resonance is determined by the reflec-
tion coeflicient R which is directly related to the impedance
difference between the electroactive material layer (Z2) and
its surroundings (Z1):

_ Z1-72
_‘Zl+22

[0086] FIG. 5 shows a device having a single electroactive
material layer 44 of acoustic impedance 72 (or a layer
structure of effective acoustic impedance 72) surrounded by
electrodes 45. The layer 44 may be a single layer or a layer
structure of the type explained above. This layer 44 is
coupled to the ultrasound transducer 30 by a viscous cou-
pling layer 46, allowing relative sliding between the two
layers on each side. The acoustic impedance beyond the
structure has acoustic impedance 71.

[0087] The top image shows a non-actuated state with
voltage V1 (e.g. V1=0) and a first resonance frequency F1.
The bottom image shows an actuated state with voltage V2
and a second resonance frequency F2. The actuation results
in a higher resonance frequency.

[0088] FIG. 6 shows a multilayer resonance “layer
arrangement”.
[0089] There is a top material layer 47, a bottom material

layer 48 and a middle layer 49. The middle layer 49 is of a
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first material and is thus sandwiched between two layers
47,48 of a second material with higher impedance, and there
is again a viscous coupling layer 46 which couples the
electroactive material stack to the ultrasound transducer 30.
Three different drive voltages are shown as V1, V2 and V3.
They may be the same or different.

[0090] Reflections occur at both interfaces of the middle
layer 49. The thickness of the low impedance layer 49
determines a resonant frequency according to 2d=h, f,, =v/
2d as explained above.

[0091] Also in the bottom higher impedance layer 48
reflections occur leading to a resonance with frequency
determined by the thickness and sound velocity.

[0092] Whether there will also be a reflection in the top
layer 47 depends on the impedance mismatch with the
surrounding material. The different layers may be set in such
a way that the resonance frequencies are equal i.e. v/2d is
constant.

[0093] The three layers can be actuated in parallel leading
to a very homogeneous deformation of the sandwiched layer
49 and therefore a very sharp resonance, and the layer 49
maintains its rectangular shape. The middle layer in this
example has the lower impedance 72 and the top and bottom
layers have higher impedance Z1.

[0094] As explained above, one or more of the layers of
FIG. 6 may be layer structures of the type explained with
reference to FIG. 4.

[0095] FIG. 7 shows the resonant layer arrangement struc-
ture 50 of FIG. 6 separate from the ultrasound transducer 30.
In principle all examples may be physically attached to or
detached from the transducer.

[0096] The remote resonant structure 50 converts an inci-
dent acoustic wave with a relatively flat pressure-frequency
response into a sharper pressure-frequency response at the
resonant frequency, as shown in FIG. 7.

[0097] The impedance Z1 of the top and bottom layers
may in this example be set to the impedance of the envi-
ronment and therefore not resonant. The middle layer has an
impedance Z2 which is lower or higher, and therefore this
layer will cause resonance at certain frequencies.

[0098] The voltages applied 1o all three layers may be
selected to achieve homogeneous deformation of the middle
layer by ensuring the same deformation level in all three
layers. For example, electroactive material layers with one
specific impedance can show differences in actuation char-
acteristics compared to similar layers set to another imped-
ance. Different voltage drive levels (V1,V2, V3) can be used
to compensate for this.

[0099] However, it is also possible to actuate only the
middle layer (and have passive layers outside), or actuate
only the outer layers (and have a passive middle layer), with
the actuation causing the non-actuated layers to deform
based on mechanical or chemical coupling between the
layers. There may be only one electroactive material layer
and one passive layer. Multiple such pairs of layers may be
stacked to obtain a sharper resonance (lower bandwidth and
higher pressure at the resonance frequency).

[0100] Another option for setting/tuning the acoustic
impedance (i.e. instead of the multilayer structure of FIG. 4)
is to use filler particles within a matrix formed by the
electroactive material layer. The filler comprises particles
having a selected material and particle density to achieve a
desired change in acoustic impedance. The filler aims to
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increase the acoustic impedance of the electroactive material
layer without significantly reducing its actuation response.
[0101] The filler particles then function as the further
material for acoustic impedance setting. The resulting struc-
ture may be considered to be a composite structure.

[0102] Any suitable non-conductive particles or mixture
of non-conductive 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 oxides,
nitrides, carbide particles, or high-density metal oxide such
as tungsten oxides, bismuth oxides. Alternatively, the filler
particles may comprise metal particles such as tungsten
coated with a non-conductive coating. These may have a
higher density and may therefore be needed in a lower
concentration to deliver a desired shift in acoustic imped-
ance. Finally, a low concentration of non-coated conducting
particles may be used.

[0103] The particles increase the weight and therefore the
acoustic impedance (Z=p-v [MRayls]) so that reflections
with the surrounding materials are tuned as explained above.
[0104] The tuning of the resonance frequency takes place
using the same mechanism as explained above.

[0105] Fillers particles that have a high density are pre-
ferred as lower concentrations are required for the same
acoustic impedance increase. The impedance of the com-
posite layer is the density of the composite times the speed
of sound in the composite.

[0106] Theuse of an electroactive material layer having an
impedance set using a filler may be applied to all examples
above of resonance structure. For example, such a composite
may form:

[0107] the electroactive material layer 44 of FIG. 5;
[0108] the electroactive material layers 60 and/or 62 and/
or 64 of FIG. 6.

[0109] For the three layer arrangement of FIG. 6, the outer
layers may have a set impedance using filler particles. For
example, each of these two layers may have an impedance
set to the medium on that side of the component. The
thickness of the middle layer is then controlled to influence
the resonance frequency.

[0110] Alternatively, the middle layer may have a set
impedance using filler particles.

[0111] As in the examples above in a stacked structure
some or all layers may be actuated. Thus, some layers may
be passive layers.

[0112] The transducer arrangement is for example adapted
to generate ultrasound waves having a minimum wavelength
in the tissue. The filler particles have a maximum linear
dimension of less than 20% of said minimum wavelength,
for example less than 10%. 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
particles in the electroactive material layer is then preferably
less than 0.02 mm or even 0.01 mm. This prevents scattering
of the ultrasound beam enabling control of the acoustic
impedance.

[0113] There may be a segmented electrode arrangement
associated with the electroactive material layer having filler
particles. The filler particles may have a non-uniform den-
sity across the area of the electroactive material layer as a
result of the manufacturing process. This causes a non-
uniform deformation profile to be established. The seg-
mented electrode arrangement can be used to compensate
for this, in a calibration process. A different potential is then
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applied to each segment until the thickness of the EAP is as
uniform as possible. A calibration step may for example use
variable resistors or capacitors in series which then remain
fixed during use. The spatial separation of the different
electrode areas is for example smaller or comparable to the
thickness of the layer.

[0114] The invention relates to the use of a structure for
transmission of ultrasound signals and capable of changing
the frequency such as a resonance frequency. However, the
same concept of impedance setting of an actuatable layer
may be used in other applications. For example, by provid-
ing a shape change, for example an angle change of at least
one interface, a beam steering or acoustic lens focusing or
defocusing function may be implemented. A set impedance
for such actuatable components is of general interest. The
deflection angle at the interface is determined by the speed
of sound difference between materials at the interface. By
adding filler particles the velocity of sound may be changed
somewhat, but by combining sub-wavelength layers as
described above, a larger effect on the sound velocity can be
obtained.

[0115] The ability to set the acoustic impedance by using
a composite structure is thus of interest for any actuatable
component to be used in an ultrasound environment.

[0116] In all examples, the electroactive material actuator
is typically based on an electroactive polymer material,
although the invention can in fact be used for devices based
on other kinds of EAM material. Such other EAM materials
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.

[0117] 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 actuation 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 generally are driven with current or charge
signals sometimes requiring current drivers. Both classes of
materials have multiple family members, each having their
own advantages and disadvantages.

[0118] Field driven EAMs can be organic or inorganic
materials and if organic can be single molecule, oligomeric
or polymeric. For the current invention they are preferably
organic and then also oligomeric or even polymeric. The
organic materials and especially polymers are an emerging
class of materials of growing interest as they combine the
actuation properties with material properties such as light
weight, cheap manufacture and easy processing.

[0119] The field driven EAMs and thus also EAPs are
generally piezoelectric and possibly ferroelectric and thus
comprise a spontaneous permanent polarization (dipole
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 polymers, ferroelectric
polymers, electrostrictive polymers, relaxor ferroelectric
polymers (such as PVDF based relaxor polymers or poly-
urethanes), dielectric elastomers, liquid crystal elastomers.
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Other examples include electrostrictive graft polymers, elec-
trostrictive paper, electrets, electroviscoelastic elastomers
and liquid crystal elastomers.

[0120] The lack of a spontaneous polarization means that
electrostrictive polymers display little or no hysteretic loss
even at very high frequencies of operation. The advantages
are however gained at the expense of temperature 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 stabilization of such small
devices is relatively simple and often presents only a minor
problem in the overall design and development process.
[0121] Relaxor ferroelectric materials can have an elec-
trostrictive constant that is high enough for good practical
use, i.e. advantageous for simultaneous sensing and actua-
tion functions. Relaxor ferroelectric materials are non-fer-
roelectric when zero driving field (i.e. voltage) is applied to
them, but become ferroelectric during driving. Hence there
is no electromechanical coupling present in the material at
non-driving. The electromechanical 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. Relaxor ferroelectric materials,
moreover, benefit from a unique combination of high elec-
tromechanical coupling at non-zero drive signal and good
actuation characteristics.

[0122] The most commonly used examples of inorganic
relaxor ferroelectric materials are: lead magnesium niobate
(PMN), lead magnesium niobate-lead titanate (PMN-PT)
and lead lanthanum zirconate titanate (PL.ZT). But others are
known in the art.

[0123] PVDF based relaxor ferroelectric based polymers
show spontaneous electric polarization and they can be
pre-strained for improved performance in the strained direc-
tion. They can be any one chosen from the group of
materials herein below.

[0124] Polyvinylidene fluoride (PVDF), Polyvinylidene
fluoride-trifluoroethylene (PVDF-TrFE), Polyvinylidene
fluoride-trifluoroethylene-chlorofluoroethylene (PVDE-
TrFE-CFE), Polyvinylidene fluoride-trifluoroethylene-chlo-
rotrifluoroethylene) (PVDF-TrFE-CTFE), Polyvinylidene
fluoride-hexafluoropropylene (PVDF-HFP), polyurethanes
or blends thereof.

[0125] The sub-class dielectric elastomers includes, but is
not limited to acrylates, polyurethanes, silicones.

[0126] Examples of ionic-driven EAPs are conjugated
polymers, carbon nanotube (CNT) polymer composites and
Ionic Polymer Metal Composites (IPMC).

[0127] The sub-class conjugated polymers includes, but is
not limited to:
[0128] polypyrrole,  poly-3,4-ethylenedioxythiophene,

poly(p-phenylene sulfide), polyanilines.

[0129] The materials above can be implanted as pure
materials or as materials suspended in matrix materials.
Matrix materials can comprise polymers.

[0130] To any actuation structure comprising EAM mate-
rial, additional passive layers may be provided for influenc-
ing the behavior of the EAM layer in response to an applied
drive signal.

[0131] The actuation arrangement or structure of an EAM
device can have one or more electrodes for providing the
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control signal or drive signal to at least a part of the
electroactive material. Preferably the arrangement com-
prises two electrodes. The EAM layer may be sandwiched
between two or more electrodes. This sandwiching is needed
for an actuator arrangement that comprises an elastomeric
dielectric material, as its actuation is 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 patterned or not.

[0132] It is also possible to provide an electrode layer on
one side only for example using interdigitated comb elec-
trodes.

[0133] 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 electrodes
on the outside.

[0134] The electrodes may be stretchable so that they
follow the deformation of the EAM material layer. This is
especially advantageous for EAP materials. Materials suit-
able 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-ethylenedioxythiophene) (PE-
DOT), e.g. poly(3,4-ethylenedioxythiophene) poly(styrene-
sulfonate) (PEDOT:PSS). Metalized polyester films may
also be used, such as metalized polyethylene terephthalate
(PET), for example using an aluminum coating.

[0135] The materials for the different layers will be
selected for example taking account of the elastic moduli
(Young’s moduli) of the different layers.

[0136] Additional layers to those discussed above may be
used to adapt the electrical or mechanical behavior of the
device, such as additional polymer layers.

[0137] The device described above can be applied in a
wide range of medical ultrasound applications for example
(but not limited to) on body, in the esophagus (TEE, transe-
sophageal echocardiogram) wearable ultrasound, large area
ultrasound. Different transducer types may be used such as
PZT, single crystal, CMUT.

[0138] Some examples above make use of composite
materials which combine an electroactive material (in par-
ticular a polymer) and other particles (which have been
termed generally as a “filler”) for changing the acoustic
impedance.

[0139] The way such composite materials can be manu-
factured will now be discussed as well as the effects on the
physical and electrical properties of the electroactive mate-
rial.

[0140] The example of dielectric elastomer electroactive
materials will first be presented. These are sandwiched
between two electrodes to create dielectric electroactive
polymer actuators. Silicone rubbers are the main applied
elastomer group. The deformation is the result of attractive
forces between the positively and negatively charged elec-
trodes.

[0141] Compounding of particles in silicones is widely
used on an industrial scale. As an example ultrasound
transducer lenses are made of silicone (PDMS, Polydimeth-
ylsiloxane) filled with iron and silicon oxide particles to
increase acoustic impedance and wear resistance. PDMS
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(silicone) compounds containing rutile (Ti0O2) are widely
used to increase the refractive index or to create white
reflecting materials.

[0142] With respect to the performance of a dielectric
electroactive polymer, compounding with non-conducting
hard particles such as ceramics has two main significant
effects. First, the stiffness of the material increases requiring
larger forces to obtain the same strain levels. Another effect
is that the dielectric constant of the composite changes (in
general that of the filler will be higher than that of silicones,
which is close to 3). Whether the strain effect depending on
voltage is positive or negative depends on the dielectric
constant of the particles and on particle size as more small
particles have a larger effect on stiffhess.

[0143] This is discussed in S. Somiya, “Handbook of
Advanced Ceramics: Materials, Applications, Processing,
and Properties,” in Nonlinear Dielectricity of MLCCs,
Waltham, Academic Press, 2013, p. 415. By way of
example, adding particles increases the dielectric constant
but also increases the stiffness.

[0144] Thus, compounding fillers into elastomers to influ-
ence the properties of a dielectric electroactive polymer is
known. Adding high dielectric constant particles to increase
the dielectric constant of the elastomer and therefore poten-
tially the effectivity, has been widely investigated.

[0145] Silicone elastomers are in general prepared by
mixing two components. One of them contains a Pt or
peroxide curing catalyst. The different components can be
mixed in a high speed mixer. In the same process, the filler
can be added or the filler may already be premixed in one or
both components. The filler material is in general applied in
a solvent which evaporates during processing. After or
during mixing in a high speed mixer in general vacuum is
applied to remove air (and or solvents) inclusions. After this
the mixture can be casted and cured. Curing temperature and
time depends on the polymer grade but is typically around
80° C. for 10 minutes. Most particles are compatible with
silicones as long as they do not inactivate the catalyst (for
instance sulfur containing materials). Peroxide curing sili-
cones are less sensitive.

[0146] Silicones can be injection molded (liquid silicone
rubbers, LSR). The two components are injected on a screw,
after passing a (static) mixer, of the LSR injection molding
machine. The filler particles may be pre-mixed in one or
both components. The material is transported by a cold
screw and injected into a hot mold where it cures fast
depending on temperature. As the LSR has very low vis-
cosity very thin sections can be realized. Typical curing
temperatures are close to 180° C. and times around 30
seconds to one minute.

[0147] Besides casting and injection molding a number of
other shaping technologies are available to produce silicon
rubber compound components also in the form of thin films.
Examples are extrusion (foils and profiles), rolling of foils,
lamination and rolling of multilayers, doctor blade film
casting, spin coating and screen printing.

[0148] The combining of different material types can be
performed locally at the point of manufacture, for example
by using multi shot injection molding (2 shot or overmold-
ing), silicone dispensing and over casting or silicone addi-
tive manufacturing (i.e. 3D printing).

[0149] The example of piezoelectric polymer composites
will next be presented.
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[0150] Piezo electric polymer composites containing a
compound of PVDF (a matrix polymer) and ceramic pat-
ticles such as PZT have been investigated. Manufacturing
technologies like solvent casting and spin coating are suit-
able. Also, cold and hot pressing techniques are suitable.
After dissolving the PVDEF, evaporation of solvent until a
viscous mix is obtained and mixing in the filler particles may
then be performed. PVDF polymer based composites with a
well dispersed grain size distribution and intact polymer
matrix may be realized.

[0151] The example of relaxor electrostrictive polymer
actuators will next be presented.

[0152] These are a class of semicrystalline terpolymers
that can deliver a relatively high force with medium strain.
Therefore these actuators have a wide range of potential
applications. Relaxor electrostrictive polymers have been
developed from “normal” PVDF polymers by employing
proper defect modifications. They contain: vinylidene fluo-
ride (VDF), trifluoroethylene (TrFE), and 1, 1-chlorofluo-
roethylene (CFE) or Chlorotrifluoro ethylene (CTFE).
[0153] Addition of defects in the form of chemical mono-
mers, like 1, 1-chloroflucroethylene (CFE) which are copo-
lymerised with the VDF-TrFE, eliminate the normal ferro-
electric phase, leading to a relaxor ferroelectric with
electromechanical strain greater than 7% and an elastic
energy density of 0.7 I/cm® at 150 MV/m. Furthermore it has
been described that by introducing defects via high electron
irradiation of the P(VDF-TrFE) copolymers, the copolymer
can also be converted from a “normal” ferroelectric P(VD-
FTrFE) into a ferroelectric relaxor.

[0154] The materials may be formed by polymer synthesis
as described in F. Carpi and et. al., “Dielectric Elastomers as
Electromechanical Transducers: Fundamentals, Materials,
Devices, Models and Applications of an Emerging Electro-
active Polymer Technology,” Oxford, Elsevier, 2011, p. 53.
This discloses a combination of a suspension polymerization
process and an oxygen-activated initiator. This films can be
formed by pouring the solution on a glass substrate and then
evaporating the solvent.

[0155] The desired filler can be added to the solvent before
film casting. After casting, the composite can then be
annealed to remove the solvent and increase crystallinity.
The crystallization rate can reduce depending on filler
concentration and particle size distribution. Stretching will
align molecule chains and will become more difficult as
particles can pin molecular chains. The dielectric constant
will increase for most additives which reduces the required
actuation voltage to reach a certain strain. The material
stiffness will increase reducing strain.

[0156] The manufacturing process thus involves forming a
polymer solution, adding particles, mixing, followed by
casting (e.g. tape casting) potentially combined with lami-
nation. Alternatives are spin coating, pressing etc.

[0157] Local variations in concentration can be realized
using dispensing and or 3D solvent printing. Layer thick-
nesses between 10 to 20 pm are for example possible with
3D printing processes.

[0158] In all examples, the addition of the filler generally
has an effect on the breakdown voltage. The maximum strain
that can be reached with an electroactive polymer is deter-
mined by the maximum voltage that can be applied, which
is the breakdown voltage (or dielectric strength).

[0159] The breakdown voltage of polymers is related to
the dissociation of polymer molecules under an applied
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external field. The addition of filler particles in a polymer
matrix can have a significant influence on the breakdown
voltage. Especially larger particles can locally increase
fields. Therefore compounding polymers with particles in
the sub-micron range has a lower negative effect on voltage
breakdown. Furthermore the polymer—filler interface struc-
ture can strongly influence voltage breakdown.

[0160] Agglomeration of particles is another effect that
reduces breakdown voltage. However, by modifying particle
surfaces, preventing agglomeration and improving the inter-
face structure, the negative effect of voltage breakdown
levels can be reduced. However, the filled polymers will
obtain a lower breakdown strength then unfilled polymers,
leading to lower actuation strain.

[0161] In conclusion, for dielectric electroactive poly-
mers, compounding with particles can be achieved using a
wide range of industrial compounding and shaping tech-
nologies. In order to keep the effect on stiffness and therefore
stroke reduction for an actuator limited, smaller concentra-
tions are preferred. For a given volume concentration, not
too small particles are also preferred to keep the effect on
stiffness limited. A soft base polymer can be selected to
compensate for the rise in stiffness. Increased dielectric
constant can enable actuation at reduced voltages. In order
to maintain the dielectric strength, particle size and concen-
tration should be limited and measures can be taken to
improve the polymer—filler interface as well as particle
dispersion. Local concentration variations can be printed.
[0162] For relaxor type electro active polymers com-
pounding with particles is also possible. Similar trends with
respect to the influence of particle concentration and size, on
stiffness and dielectric strength are comparable to the effects
described above. Particles can be added after polymeriza-
tion. Dissolved polymers can be shaped using various tech-
nologies such as tape casting and spin coating. Also local
concentration variations are possible.

[0163] The ultrasound device of the invention 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
treatment, may form part of a hand-held device for non-
invasive imaging or treatment or may form part of a wear-
able device, e.g. for prolonged treatment of particular area of
the body of a patient.

[0164] The ultrasound device may form part of an ultra-
sound system such as an ultrasonic diagnostic imaging
system or an ultrasonic therapy system.

[0165] An example embodiment of an ultrasonic diagnos-
tic imaging system is schematically depicted in block dia-
gram form in FIG. 8.

[0166] A transducer array 56 comprising the ultrasound
transducer tiles 58 is provided in an ultrasound 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.

[0167] The transducer array 56 is coupled to a microbeam
former 62 in the probe 60 which controls transmission 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 described in U.S. Pat.
No. 5,997,479 (Savord et al.), U.S. Pat. No. 6,013,032
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(Savord), and U.S. Pat. No. 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 transmission 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 functions controlled by the transducer
controller 68 is the direction in which beams are steered and
focused. Beams may be steered straight ahead from (or-
thogonal to) the transducer array 56, or at different angles for
awider field of view. The transducer controller 68 is coupled
to control a voltage source 63 for the transducer array 56.
For instance, the voltage source 63 sets DC and AC bias
voltage(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.
[0168] 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 indi-
vidual 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 transducer elements of
a transducer array 56 can contribute efliciently to a single
beam-formed signal.

[0169] The beam-formed signals are coupled to a signal
processor 72. The signal processor 72 can process the
received echo signals in various ways, such as bandpass
filtering, decimation, I and Q component separation, and
harmonic signal separation which acts to separate linear and
nonlinear signals so as to enable the identification of non-
linear (higher harmonics of the fundamental frequency) echo
signals returned from tissue and microbubbles.

[0170] The signal processor 72 optionally may perform
additional signal enhancement such as speckle reduction,
signal compounding, and noise elimination. The bandpass
filter in the signal processor 72 may be a tracking filter, with
its pass band sliding from a higher frequency 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.

[0171] 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 amplitude 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 funda-
mental image mode or a combination of both for instance as
described in U.S. Pat. No. 6,283,919 (Roundhill et al.) and
U.S. Pat. No. 6,458,083 (Jago et al.)

[0172] The Doppler processor 78, if present, processes
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
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processor typically includes a wall filter with parameters
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 veloc-
ity materials while rejecting relatively strong signals from
lower or zero velocity material.

[0173] 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 depict-
ing the motion of tissue. The Doppler processor receives and
processes a sequence of temporally 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 interval 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)
processor(s) are coupled to a scan converter 82 and a
multiplanar 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 pyramidal three
dimensional (3D) image.

[0174] The scan converter can overlay a B-mode structural
image with colors corresponding to motion at points in the
image field with their Doppler-estimated velocities to pro-
duce a color Doppler image which depicts the motion of
tissue and blood flow in the image field. The multiplanar
reformatter 94 will convert echoes which are received 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 U.S. Pat. No. 6,443,896 (Detmer). A volume
renderer 92 converts the echo signals of a 3D data set into
aprojected 3D image as viewed from a given reference point
as described in U.S. Pat. No. 6,530,885 (Entrekin et al.)
[0175] 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 enhancement,
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 processor 84. The quantifi-
cation processor produces measures of different flow con-
ditions such as the volume rate of blood flow as well as
structural measurements such as the sizes of organs and
gestational age. The quantification 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.
[0176] 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 generate
graphic overlays for display with the ultrasound images.
These graphic overlays can contain standard identifying
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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.

[0177] The user interface is also coupled to the transmit
controller 68 to control the generation of ultrasound signals
from the transducer array 56 and hence the images produced
by the transducer array and the ultrasound system. The user
interface is also coupled to the multiplanar reformatter 94
for selection and control of the planes of multiple multipla-
nar reformatted (MPR) images which may be used to
perform quantified measures in the image field of the MPR
images.

[0178] 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 person
will immediately realize that several variations in the archi-
tecture 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.

[0179] Moreover, in case of an ultrasonic therapy system,
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 recep-
tion of processing of such pulse echoes.

[0180] The invention provides a tunable resonance func-
tion. Tunable resonance has significant benefits in a number
of applications. In high intensity focused ultrasound treat-
ment (like prostate cancer ablation) the resonance frequency
can be adapted depending on the optimum absorption of the
diseased tissue. The resonance frequency can also be
adapted in situ for alternating imaging and treatment at the
optimum frequency.

[0181] In ultrasound cell lysis the ultrasound output pres-
sure may be controlled as a function of frequency to be tuned
to the ultrasound absorption characteristic (cell resonance)
of the specific cells for disintegration.

[0182] In imaging a frequency dependent output pressure
can be adapted depending on the applied imaging mode,
desired resolution or penetration depth.

[0183] The examples above are based on treatment or
imaging of living tissue such as mammalian tissue, e.g.
human tissue. The device may be used for treatment or
imaging of non-living tissue and similarly the invention may
be applied to apparatus for imaging non-biological material.
[0184] Ultrasound is for example used for material inspec-
tion. A lower frequency may be used for higher penetration
depth whereas a higher frequency may be used for improved
resolution. The resonance control described above is thus
clearly of interest for such applications.

[0185] 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 reference signs
placed between parentheses shall not be construed as lim-
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iting 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 com-
prising several distinct elements. In the device claim enu-
merating 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.
1. An acoustic coupling component comprising:
an electroactive material actuator comprising:
a structure, the structure comprising at least a first elec-
troactive material layer and a second material layer,
wherein the second material layer has a different acous-
tic impedance then the first electroactive material
layer,

wherein the electroactive material actuator is arranged
to receive an ultrasound signal,

wherein the ultrasound signal has a frequency from a
ultrasound transducer arrangement,

wherein the electroactive material actuator is arranged
to transmit the ultrasound signal to a material; and

a controller circuit, wherein the controller circuit is
arrange to electrically control the electroactive mate-
rial actuator so as to implement a shift of the fre-
quency.

2. (canceled)

3. The acoustic coupling component as claimed in claim

15

wherein the first electroactive layer comprises a PVDF
electroactive polymer material,

wherein the second material layer comprises a silicone
dielectric electroactive polymer material.

4. The acoustic coupling component as claimed in claim

15

wherein the first electroactive material has at least one
associated actuator electrode,

wherein the second material layer is a passive layer.

5. The acoustic coupling component as claimed in claim

4!

wherein the structure comprises a top layer, a bottom layer

and a middle layer,
wherein the top layer and the bottom layer have a first
acoustic impedance,

wherein the middle layer has a of second,

wherein the second acoustic impedance is lower than the
first acoustic impedance.

6. The acoustic coupling component as claimed in claim

1, wherein the first electroactive material layer or the second
material layer comprise filler particles.

7. The acoustic coupling component as claimed in claim

6, wherein the filler particles comprise ceramic particles.

8. The acoustic coupling component as claimed in claim

6, comprising a segmented electrode arrangement, wherein
the segmented electrode layer is associated with the first
electroactive material layer.

9. The acoustic coupling A component as claimed in claim

6 any one of claims 6 to 8, wherein the electroactive material
actuator comprises a first electroactive material layer with
the particles and a third electroactive material layer without
the particles.
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10. The acoustic coupling component as claimed in claim
1, wherein the first electroactive material layer comprises a
PVDF electroactive polymer layer.

11. An ultrasound device, comprising:

a transducer arrangement;

the acoustic coupling component as claimed in claim 1,

wherein the acoustic coupling component is arranged to
be positioned between the ultrasound transducer
arrangement and the material.

12. The ultrasound device as claimed in claim 11, wherein
the acoustic coupling component is an acoustically trans-
missive window over the ultrasound transducer arrange-
ment.

13. The ultrasound device as claimed in claim 12, wherein
the acoustic coupling component is spaced away from the
ultrasound transducer arrangement.

14. The ultrasound device as claimed in claim 11,

wherein the ultrasound transducer arrangement is

arranged to generate ultrasound waves in the material,
wherein the ultrasound waves have a minimum wave-
length,

wherein the first electroactive material layer comprises

filler particles,

wherein the filler particles have a maximum linear dimen-

sion of less than 20% of the minimum wavelength.
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15. The acoustic coupling component as claimed in claim
1, wherein the material is to be imaged or treated.

16. The acoustic coupling component as claimed in claim
15

wherein the first electroactive material has at least one

associated actuator electrode,

wherein the second material layer is an electroactive

material,

wherein the second material has at least one associated

actuator electrode.

17. The acoustic coupling component as claimed in claim
6, wherein the filler particles are arrange to tune the acoustic
impedance.

18. The acoustic coupling component as claimed in claim
6, wherein the filler particles comprise metal particles coated
with a non-conductive coating.

19. The acoustic coupling component as claimed in claim
1, wherein the first electroactive material layer and the
second material layer comprise filler particles.

20. The acoustic coupling component as claimed in claim
19, wherein the filler particles are arrange to tune the
acoustic impedance.

21. The acoustic coupling component as claimed in claim
20, wherein the filler particles comprise metal particles
coated with a non-conductive coating.
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