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CAPACITIVE MICRO-MACHINED
ULTRASOUND TRANSDUCER CELL

FIELD OF THE INVENTION

[0001] The invention relates to a capacitive micro-ma-
chined ultrasound transducer (CMUT) cell comprising a cell
floor having a first electrode; a cell membrane having a sec-
ond electrode which opposes the first electrode and vibrates
during transmission or reception of acoustic energy: a trans-
mitter/receiver coupled to the first and second electrodes
which causes the cell membrane to vibrate at an acoustic
frequency and/or receives signals at an acoustic frequency;
and an acoustic lens, overlaying the cell membrane, and hav-
ing an inner surface opposing the cell membrane and an outer,
patient-facing surface.

[0002] The invention further relates to an ultrasonic imag-
ing system comprising such a cell.

BACKGROUND OF THE INVENTION

[0003] Central to any ultrasound (imaging) system is the
ultrasound transducer which converts electrical energy in
acoustic energy and back. Recent progress in semiconductor
technology resulted in the development of capacitive micro-
machined ultrasound transducers

[0004] (CMUT). These transducers are considered to be
potential candidates to replace the conventional piezoelectric
based ultrasound transducers (PZT). A CMUT transducer cell
comprises a cavity with a movable mechanical part also called
a membrane and a pair of electrodes separated by the cavity.
When receiving ultrasound waves, ultrasound waves cause
the membrane to move or vibrate and the change the capaci-
tance between the electrodes which can be detected. Thereby
the ultrasound waves are transformed into a corresponding
electrical signal. Conversely, an electrical signal applied to
the electrodes causes the membrane to move or vibrate,
thereby transmitting ultrasound waves.

[0005] Advantages of CMUTs are that they can be made
using semiconductor fabrication processes and, therefore,
may be easier integrated with application-specific integrated
circuitry (ASIC); CMUT transducers offer low cost, extended
frequency range, and finer acoustic pitch over traditional
PZTs.

[0006] A CMUT transducer cell is known from US2012/
0320710 A1, the cell is schematically illustrated in FIG. 1.
The known CMUT cell contains a backing layer 12 that is
located at the back side of the transducer 11 in relation to
position of the investigated object (body), i.e. at the opposite
side to the desired direction of the ultrasound wave propaga-
tion. The backing layer 12 is formed of a material that has
substantially the same acoustic impedance as that of an
acoustic lens 14 located at the front side ofthe CMUT 11, 1.e.
direction of the ultrasound wave propagation. The reason why
the backing layer 12 is formed of a material with substantially
the same acoustic impedance as the acoustic lens 14 is the
following. The amount of change in acoustic impedance is the
same in the front and back side directions. Therefore, acoustic
energy of reflected waves at the CMUT interfaces is distrib-
uted at the same rate in these two directions. This results in the
suppressing of the occurrence of multiple reflections caused
at the interface of the transducer and the backing layer. In
order to solve the multi reflection problem US2012/0320710
Al suggest applying silicon rubber as a material for the
acoustic lens.
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[0007] US 2005/075572 Al describes a micromachined
ultrasonic transducer array that focuses in the elevation direc-
tion. A curved lens is used to narrow the beam width in the
elevation direction so that contrast resolution is improved and
clinically relevant. A representative lens materials include
silicon rubbers like GE RTV60, RTV 560 and RTV 630.
[0008] A drawback of the known CMUT transducer cell is
that interactions between the CMUT membranes and the
material of the lens 14 may reduce the acoustic performance
of the transducer.

SUMMARY OF THE INVENTION

[0009] It is an object of the present invention to provide a
capacitive micro-machined ultrasound transducer cell of the
kind set forth in the opening paragraph which provides an
improved acoustic wave propagation. This object is achieved
according to the invention by providing a CMUT cell wherein
an acoustic lens comprises at least one layer of a material
selected from the group of: polybudatiene, polyether block
amide (PEBAX), polydimethylsiloxane (PDMS) and buthyl-
rubber.

[0010] This group of materials: polyether block amide (PE-
BAX), polydimethylsiloxane (PDMS), buthylrubber and
polybudatiene provides an acousticalcouplling of the lens to
the membrane of the cell. These materials exhibit an acoustic
loss per millimeter for acoustic energy passing therethrough
of less than 1.5 dB for energy of an acoustic frequency of 2
MHz and further exhibits an acoustic propagation velocity for
acoustic energy passing therethrough which is in the range of
0.5 to 2.5 mm/microsecond.

[0011] While the choice of the commonly used lens mate-
rials for the ultrasound transducers is mainly defined by the
requirements of PZT based ultrasound system such as Room
Temperature Vulcanizing silicon (RTV), which is a type of
silicon rubber. The

[0012] CMUTs, due to the different process of the conver-
sion of electrical energy, in acoustic energy have different
requirements to the materials that may be used for acoustic
lenses of CMUT transducers. The acoustic lens, which may
have focusing or acoustic window properties, shall fulfill
specific requirements to the range of acoustic loss and acous-
tic propagation velocity for acoustic energy. As an example,
for the optimal operation, the PZTs require a lens with an
additional “matching ” layer that is aimed to solve the prob-
lem of an impedance mismatch between the PZT with the
impedance of around 30 MRayls and a typical propagation
medium, such as water or soft tissue with the impedance of
1.6 MRayls. Unlike PZTs, CMUTs acoustic impedance is
close to or lower than that of tissue with the result that a
CMUT based ultrasound transducer will require a different
type of matching layer from PZT transducers.

[0013] It was discovered that common traditional RTV
acoustic lens materials, a room temperature curing rubber
which is easily cast in place and formed by molding into a
desired shape, introduces an additional acoustic loss mecha-
nism in addition to normal frequency dependent attenuation.
This loss is manifested in increased attenuation on the order
of 2 dB and a downshift in center frequency of up to 4 MHz.
[0014] The choice of materials according to the invention,
1.e. materials that exhibit an acoustic loss per millimeter for
acoustic energy passing therethrough of less than 1.5 dB for
energy of an acoustic frequency of 2 MHz and further exhibit
an acoustic propagation velocity for acoustic energy passing
therethrough which is in the range of 0.5 to 2.5 mm/micro-
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second, provides a superior coupling and propagation of the
acoustic energy from the CMUT into the propagation
medium. Compared to traditional RTV acoustic materials a
minimal attenuation and frequency downshift are observed.
The acoustical coupling of the acoustic lens to the membrane
ofthe CMUT provides an optimal preservation of mechanical
properties of the vibrating (moving) part and results in the
optimal acoustic energy propagation.

[0015] In another embodiment of the present invention the
acoustic lens further comprises at least one layer of liquid.
[0016] Material considered being a liquid if it has viscosity
up to 200000 centipoise.

[0017] In another embodiment of the present invention the
acoustic lens further comprises at least one layer of gel.
[0018] A gel is considered to be a dispersion of molecules
of a liquid, discontinuous phase within a solid, continuous
phase a dilute, three-dimensional network of cross-linked
polymer molecules which exhibit no flow when in the steady-
state.

[0019] Theliquid and gel materials may exhibit an acoustic
loss per millimeter for acoustic energy passing therethrough
of less than 1.5 dB for energy of an acoustic frequency of 2
MHz and further exhibits an acoustic propagation velocity for
acoustic energy passing therethrough which is in the range of
0.5 to 2.5 mm/microsecond. Their application as one of the
additional layers of the acoustic lens provides an improved
coupling and transfer of the acoustic energy from the trans-
ducer into the propagation medium (tissue, body, etc).
[0020] In another embodiment of the present invention the
acoustic lens of the CMUT cell further comprises at least one
of the following layers: (i) a layer of moisture barrier; (ii) a
layer of adhesive material; (iii) a layer of conductive material
arranged to act as a radio frequency shield; (iv) an acoustic
wave focusing layer; (v) adurable exterior layer located as the
outer surface.

[0021] Thelayerof moisture barrier will provide a moisture
protection, and the layer of conductive material may be
adapted to act as a radio frequency (RF) shield. Essentially,
the acoustic wave focusing layer provides desired focusing
means for the acoustic wave propagation; and the durable
exterior layer located as the outer patient-facing surface can
provide a wear resistance, resistance to solvents or disinfec-
tant solutions. The thickness of these layers shall be kept as
low as possible, for example below 20 micrometer, for pre-
serving the acoustic coupling of the elastomer. or liquid, or
gel layers to the membrane of the CMUT cell.

[0022] Inanembodiment ofthe present invention the liquid
is one of: water and uncured PDMS.

[0023] Inan embodiment of the present invention the gel is
a silicone gel.
[0024] Water and silicone gel possess critical stiffness and

attenuation properties that cause minimal attenuation and
frequency downshift of the propagated acoustic wave.
[0025] Yet, in another embodiment of the present invention
the acoustic lens further comprises a moisture barrier that is
one of: polyimide, mylar, polyethylene or parylene.

[0026] Yet, in another embodiment of the present invention
the acoustic lens further comprises a durable exterior layer
located as the outer surface and that is one of polyimide or
polyethylene.

[0027] Yet, in another embodiment of the present invention
the acoustic lens further comprises an adhesive material that
is silicon oxide.
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[0028] These and other aspects of the invention will be
apparent from and elucidated with reference to the embodi-
ments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] In the drawings:

[0030] FIG. 1 shows schematically and exemplarily a side
view of a CMUT cell of the prior art;

[0031] FIG. 2 shows schematically and exemplarily a side
view of a CMUT cell comprising acoustic lens according to
the present invention;

[0032] FIG. 3 is a graph showing an impulse response of
three ultrasound transducers to illustrate the impact of the
acoustic lens on a CMUT cell;

[0033] FIG. 4 shows schematically and exemplarily side
view of the CMUT cell comprising additional layers included
in the acoustic lens;

[0034] FIG. 5 shows schematically and exemplarily side
view of the CMUT cell comprising additional layers included
in the acoustic lens according to another embodiment of the
present invention;

[0035] FIG. 6A shows schematically and exemplarily a
side view of the CMUT cell.

[0036] FIG. 6B shows schematically and exemplarily side
view of the CMUT cell wherein the membrane is a collapsed
membrane;

[0037] FIG. 6C shows schematically and exemplarily side
view of the CMUT cell wherein the membrane is a “spring”
membrane; and

[0038] FIG. 7 shows a schematic illustration of an embodi-
ment of an ultrasound imaging system.

DETAILED DESCRIPTION OF EMBODIMENTS

[0039] FIG. 2 shows schematically and exemplarily a
CMUT cell in cross section according to the present inven-
tion. Such CMUT cell is typically fabricated on a substrate 4,
such as a silicon wafer. The CMUT transducer of the ultra-
sound system may comprise one or more CMUT cells 6. The
CMUT cells may be either individually activated or in com-
bination with each other. The individual cells can have round,
rectangular, hexagon or other peripheral shapes.

[0040] Each CMUT cell has at least a pair of electrodes 7'
and 7 separated by a cavity 8. The cavity 8 is formed in
between a membrane 5 that is suspended over a cell floor 31.
The membrane 5 may be made of silicon nitride and is
adapted to move or vibrate. It can be suspended over the cell
floor 31 through a plurality of supporting portions 9 (in FIG.
2 two supporting portions 9 are shown). The electrodes 7, 7'
are made of electrically conductive material, such as metal.
The bottom electrodes 7 may be embedded in the floor of the
cell 31, while the top electrode 7' may be embedded in the
membrane 5. The electrode 7 and 7' may be also deposited on
the cell floor 31 or the membrane 5 as additional layers. The
bottom electrode 7 is typically insulated on its cavity-facing
surface with an additional layer (not pictured). A preferred
insulating layer is an oxide-nitride-oxide (ONO) dielectric
layer formed above the bottom electrode 7 and below the
membrane electrode 7'. The ONO-dielectric layer advanta-
geously reduces charge accumulation on the electrodes which
leads to device instability and drift and reduction in acoustic
output pressure. The supporting portions 9 may be made of an
insulating material such as silicon oxide or silicon nitride.
The cavity 8 can be either air- or gas-filled, or wholly or
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partially evacuated. Two electrodes 7 and 7' separated by the
cavity 8 represent a capacitance. An application of electrical
signal through a transmitter/receiver 32 coupled to the elec-
trodes 7 and 7' causes a mechanical movement/vibration of
the membrane 5, which results in the change of the capaci-
tance and can be manipulated by the associated with the
CMUT transducer electronics.

[0041] According to the principles of the present invention,
the membrane 5 of the CMUT cell is acoustically coupled to
an acoustic lens 13 overlaying the cell membrane, and having
an inner surface opposing the cell membrane and an outer
surface located in the opposite direction of the inner surface.
The outer surface may be either a patient or an object facing
side, which can be the subjects of the untrasound examina-
tion. The distinguishing feature of the current inventionis that
the acoustic lens 13 comprises at least one layer of a material
selected from the group of: polybudatiene, polyether block
amide (PEBAX), polydimethylsiloxane (PDMS) and buthyl-
rubber. These materials are elastomers (material considered
being an elastomer if it has stiffness in the range from 20 up
to 60 durometer), which exhibit an acoustic loss per millime-
ter for acoustic energy passing therethrough of less than 1.5
dB for energy of an acoustic frequency of 2 MHz and the lens
further exhibits an acoustic propagation velocity for acoustic
energy passing therethrough which is in the range 0 0.5t0 2.5
mm/microsecond. The acoustic lens 13 shall be understood as
having either focusing or an acoustic window (none-focusing
means) properties.

[0042] These specific materials that can be comprised in the
lens provide optimal conditions for the acoustic wave propa-
gation, wherein the optimal conditions are defined by the
specific CMUT process of the conversion of electrical energy
in acoustic energy.

[0043] The lens material property of the acoustic propaga-
tion velocity (v) for acoustic energy can be also expressed in
acoustic impedance (Z). The acoustic impedance of a mate-
rial is defined as the product of its density (p) and acoustic
velocity: Z=p*v. Therefore, the provided advantages of
applying either polyether block amide (PEBAX), or polydim-
ethyl-siloxane (PDMS), or buthylrubber, or polybudatiene as
a lens layer may be also expressed as the acoustic lens 13
which exhibits an acoustic loss per millimeter for acoustic
energy passing therethrough of less than 1.5 dB for energy of
an acoustic frequency of 2 MHz and the lens further exhibits
an acoustic impedance for acoustic energy passing there-
through which is in the range 0of 0.5 to 2.0 MRayl.

[0044] In another embodiment of the present invention the
acoustic lens 13 comprises at least one layer selected from the
group of materials: polyether block amide (PEBAX), poly-
dimethylsiloxane (PDMS), buthylrubber and polybudatiene
layers that is preferably in contact with (overlaying) the mem-
brane 13. Elastomer materials, such as polyether block amide
(PEBAX), cured polydimethylsiloxane (PDMS), buthylrub-
ber and polybudatiene, fullfill the requirement of providing
the acoustic loss per millimeter for acoustic energy passing
therethrough of less than 1.5 dB for energy of an acoustic
frequency of 2 MHz and the acoustic propagation velocity for
acoustic energy passing therethrough which is in the range of
0.5 to 2.5 mm/microsecond. An application of at least one
layer of elastomer in the acoustic lens 13 may provide mini-
mum attenuation and frequency downshift of the acoustic
signal within a broad bandwidth of CMUT transducers.
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[0045] This is illustrated in FIG. 3. The figure shows a
graph of a single impulse response of three ultrasound trans-
ducers within a given range of frequencies.

[0046] PZT coated with RTV560 (circles)—a standard
PZT transducer array overlaid (applied) with a traditional
RTV lens material and having a relatively narrow bandwidth
centered at 9 MHz.

[0047] CMUT coated with RTV 560 (dashed line)}—the
same lens material as above (A) but applied on a CMUT
transducer with the same aperture dimensions. The 8 MHz
c¢MUT spectrum has been significantly downshifted with a
center frequency around 4 MHz.

[0048] CMUT coated with PEBAX (dash and dotted
line)—the same 8 MHz CMUT array as above (B), however,
overlaid with the elastomer PEBAX material. The center
frequency shows little to no downshift and the bandwidth is
quite large, far exceeding the PZT equivalents. This illustrates
the advantage of using the elastomer material such as PEBAX
as an acoustic lens material.

[0049] One of polyether block amide (PEBAX), polydim-
ethylsiloxane (PDMS), buthylrubber and polybudatiene lay-
ers may be applied to the CMUT cell in accordance to the
known fabrication processes, for example, spin coating, dip
coating, spray coating, over molding, vacuum deposition.
[0050] In another embodiment of the present invention the
acoustic lens 13 further comprises at least one layer of liquid
that is preferably in contact with the membrane 13. An
example of liquid materials may be water or uncured poly-
dimethylsiloxane (PDMS). Yet, in another embodiment of the
present invention the acoustic lens 13 comprises at least one
layer of gel, for example, silicone gel.

[0051] In order to combine the acoustic wave propagation
benefits provided by the acoustic lens 13, such as low attenu-
ation and low frequency downshift, together with other prop-
erties that may be required in the ultrasound transducer opera-
tion (biocompatibility, abrasion resistance, etc.), additional
material layers may be included in the acoustic lens 13. Con-
ventional methods of the materials deposition can be applied,
such as chemical vapor depositions, ion sputtering, electron
beam deposition, spin coating, etc.

[0052] A schematic representation of the further embodi-
ment of the present invention is shown in FIG. 4. In order to
make the CMUT transducer 6 water proof a thin moisture
barrier layer 10, for example polyimide, mylar, polyethylene
or parylene, may be included in the lens 13. In preferred
embodiment the moisture bartier layer may be applied on the
outer surface (opposing the cavity side) of the membrane 5.
For the electrical isolation or radio frequency shielding of the
CMUT transducer a layer of conductive material 1, such as
metal, may be included in the acoustic lens 13. To make the
CMUT transducer 6 biocompatible a layer of biocompatible
material may be applied (deposited) as the outer layer 17 of
the lens 13. In order to assure the stability and acoustic con-
ductivity of the acoustic lens 13, additional adhesive materi-
als can be included therein for improvement of the bonding in
between the layers of the lens 13. In preferred embodiment a
thin layer of silicon oxide may be deposited in contact with
the membrane 5 of the transducer 6. Silicon oxide of a thick-
ness below 0.5 micrometer provides an improved adhesion of
the acoustic lens 13 to the silicon nitride material commonly
used for mechanical part of the CMUTs.

[0053] A step of the metal deposition may be also com-
bined with the etching techniques (dry or wet etching)
wherein, the metal layer may be used as an etch mask in order
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to open surface of bondpads areas in the CMUT cells” array.
This allows providing an RF shield and electrical intercon-
nects for the entire CMUT array.

[0054] A durable exterior layer located as the outer, patient-
facing surface, may address other mechanical characteristics
of the lens 13. For example, depending on the purpose of the
ultrasound transducer, the following layers may be intro-
duced in the lens:

[0055] materials of different to elastomer abrasion resis-
tance such as polyimide or polyethylene; material with dif-
ferent friction coefficients.

[0056] In addition to the elastomer (liquid and/or gel) lay-
ers the lens 13 may comprise a focusing material, RTV for
example, that provides focusing of the acoustic wave into a
desired focal point.

[0057] It is essential to note that the order of the addition-
ally introduced layers into the lens 13 is not limited to the
disclosed embodiments. One of the important requirements
to the acoustic lens 13, which shall exhibit the acoustic loss
per millimeter for acoustic energy passing therethrough of
less than 1.5 dB for energy of an acoustic frequency of 2 MHz
and the acoustic propagation velocity for acoustic energy
passing therethrough which is in the range of 0.5 to 2.5
mm/microsecond, is that the additionally introduced layers
preserve acoustic coupling of the membrane 5 of the CMUT
transducer 6 to the acoustic lens, such as minimum attenua-
tion and low shift of frequencies can be observed in the
performance of the transducer.

[0058] Inthe case of the additional layers being included in
the acoustic lens 13 and being applied in between the mem-
brane 5 of the CMUT and either layer ofthe elastomer, liquid
or gel, the acoustical coupling of membrane 5 and the elas-
tomer can be achieved by thinning down the thicknesses of
these additional layers. In the preferred embodiment the
thickness of the additional layers may be below 5 micrometer.
[0059] As an example, the layer of parylene that may be
applied to the outer surface of the membrane 5 (opposing the
cavity side) as a moisture barrier may be 5 micrometer thick
for the optimal acoustic wave propagation at the frequency of
7 MHz.

[0060] In another embodiment of the present invention the
acoustic lens 13 of the CMUT transducer 6 comprises a layer
of parylene that overlays the membrane 5; a layer of buthyl-
rubber that overlays the parvlene layer; followed by an over-
laying metal layer that can be arranged to act as a radio
frequency shield. Further an elastomer layer, which is at least
one of PEBAX, PDMS, polybudatiene, overlays the metal
layer and located at the outer patient-facing surface of the lens
13. The desired acoustic properties of the acoustic lens 13,
according to the principles of the present invention, can be
achieved with following layer thickness" for the acoustic
wave with frequency of 7 MHz the combined thickness of the
parylene and the buthylrubber layers is 5 micrometer and the
thickness of the metal layer is lower than 0.2 micrometer.
[0061] In another embodiment of the present invention is
schematically represented in FIG. 5. The acoustic lens 13 of
the CMUT transducer 6 comprises a layer of a metal 21 that
overlays the membrane 5 and is adapted to act as radio fre-
quency shield; a layer of parylene 22 overlaying the metal
layer 21; then a buthylrubber layer 23 overlaying the parylene
layer 22; followed by a layer of liquid 25 overlaying the
buthylrubber layer 23 and the elastomer layer, which is at
least one of PEBAX, PDMS, polybudatiene, overlaying the
liquid layer and deposited at the outer patient-facing surface
of the lens 13.

[0062] In this embodiment the parylene and buthylrubber
layers act as moisture barriers for the CMUT surface against
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the water layer. In order to preserve the acoustic coupling of
the elastomer to the membrane 5 the thicknesses of the addi-
tional layers can be kept the same as in the previous embodi-
ment. The liquid layer thickness may be below 20 microme-
ter.

[0063] Yet in another embodiment of the present invention
the acoustic lens 13 comprises either cured or uncured PDMS
overlaying the CMUT membrane 5; a moisture barrier and
conductive layers overlaying PDMS, followed by an elas-
tomer material, such as PEBAX, applied as the outer patient-
facing surface of the lens 13. Other aditional layers with
specified desired ptroperties may be added on top of PEBAX
layer in this embodiemnt as well.

[0064] Inorder to improve electromechanically coefficient
of the CMUT cell different types of membrane designs may
be used.

[0065] Referring to FIG. 6A, that shows schematically and
exemplarily another embodiment of the present invention, the
membrane 5 of the CMUT cell 6 is a “conventional” mem-
brane 15 that can be adapted to vibrate under applied electri-
cal signal or under received acoustic ways. The CMUT cell
comprising the membrane 15 may be fabricated using known
fabrication methods which can, for example, comprise depo-
sition of a sacrificial layer steps, a deposition step of the
membrane material, a step of dry or wet etching of the sacri-
ficial material; followed by a step of sealing the cavity.
[0066] FIG. 6B shows yet another embodiment of the
present invention, wherein the membrane 5 of the CMUT cell
6 is a collapsed membrane 16. The collapsed membrane 16
during the CMUT operation may be made collapsed relative
to the cell floor 31 and the suspended portions of the mem-
brane, which are in contact with the supporting portions 9, can
be adapted to move/vibrate under applied electrical signal in
between electrodes 7. From technology point of view, the
CMUT with collapsed membrane can in principle be manu-
factured in any conventional way, comprising providing a
CMUT with a membrane and applying different means, such
as electrical (bias voltage) or pressure, in order to bring the
membrane to a collapsed state.

[0067] FIG. 6C shows yet another embodiment of the
present invention, wherein the membrane 5 of the CMUT
cellr 6 is a “spring” membrane. The “spring” membrane com-
prises a spring layer 33 supported by the supporting portions
9 and a mass layer 34. The mass layer 34 comprises the top
electrode 7' and is coupled to the spring layer through the
connector 35. In this design the spring layer 33 comprises a
flexible material which permits the layer to vibrate during the
CMUT operation, while the mass layer 34 preferably remains
parallel to the cell floor 31.

[0068] FIG. 7 illustrates the principle design of an ultra-
sonic imaging system 202.

[0069] Theultrasound imaging system is generally denoted
with reference numeral 202. The ultrasound imaging system
202 is used for scanning an area or volume of the body, e.g. of
apatient 201. It is to be understood that the ultrasound system
202 may also be used for scanning other areas or volumes, e.g.
body parts of animals or other living beings.

[0070] For scanning the patient 201, an ultrasound probe
200 may be provided. In the embodiment shown, the ultra-
sound probe 200 is connected to a console device 203. The
console device 203 is shown in FIG. 7 as a mobile console.
This console 203 may, however, also be realized as a station-
ary device. The console device 203 is connected to the probe
200 via an interface 206 formed in a wired mannet. Further, it
is contemplated that the console device 203 may also be
connected to the probe 200 in a wireless manner, for example
using UWB transmission technology. The console device 203
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may further comprise an input device 205. The input device
may have buttons, a key pad and/or a touchscreen to provide
an input mechanism to a user of the ultrasound imaging
system 202. Additionally or alternatively, other mechanisms
may be present in the input device 205 to enable a user to
control the ultrasound imaging system 202.

[0071] Further, the console device 203 comprises a display
204 to display display data generated by the ultrasound imag-
ing system 10 to the user. By this, the volume within the
patient 201 that is scanned via the ultrasound probe 200 can
be viewed on the console device 203 by the user of the
ultrasound system 200.

[0072] The ultrasound probe 200 comprises the CMUT
transducer array constructed in accordance with the present
invention.

[0073] Other variations to the disclosed embodiments can
be understood and effected by those skilled in the art in
practicing the claimed invention, from a study of the draw-
ings, the disclosure, and the appended claims.

[0074] In the claims, the word “comprising” does not
exclude other elements or steps, and the indefinite article “a”
or “an” does not exclude a plurality.

[0075] A single unit or device may fulfill the functions of
several items recited in the claims. 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.

[0076] A computer program may be stored/distributed on a
suitable medium, such as an optical storage medium or a
solid-state medium, supplied together with or as part of other
hardware, but may also be distributed in other forms, such as
via the Internet or other wired or wireless telecommunication
systems.

[0077] Any reference signs in the claims should not be
construed as limiting the scope.

1. A capacitive micro-machined ultrasound transducer cell
comprising:
a cell floor having a first electrode;
a cell membrane having a second electrode which opposes
the first electrode and vibrates during transmission or
reception of acoustic energy;
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an acoustic lens, overlaying the cell membrane, and having
an inner surface opposing the cell membrane and an
outer surface;

wherein

the acoustic lens comprises at least one layer of, polydim-

ethylsiloxane (PDMS).

2. The CMUT cell according to claim 1, wherein the acous-
tic lens further comprises at least one of the following layers:

(1) a moisture barrier layer;

(ii) a layer of adhesive material,

(iii) a layer of conductive material coupled to act as a radio

frequency shield;

(iv) an acoustic wave focusing layer;

(v) a durable exterior layer located as the outer surface.

3. The CMUT cell according to claim 2, wherein the acous-
tic lens further comprises at least one layer of liquid.

4. (canceled)

5. The CMUT cell according to claim 14, wherein the layer
of polydimethylsiloxane is one of cured and uncured PDMS.

6. The CMUT cell according to claim 1, wherein the acous-
tic lens further comprises at least one layer of gel.

7. (canceled)

8. The CMUT cell according to claim 6, wherein the layer
of gel is a silicone gel.

9. The CMUT cell according to claim 1 wherein the mois-
ture barrier layer is made from one of: polyimide, mylar,
polyethylene or parylene.

10. The CMUT cell according to claim 1 further compris-
ing a durable exterior layer located as the outer surface that is
made from one of polyimide or polyethylene.

11. The CMUT cell according to claim 1 further compris-
ing a layer of the adhesive material that is made from a silicon
oxide.

12. (canceled)

13. (canceled)

14. An ultrasonic imaging system comprising the CMUT
cell according to claim 1.

15. The CMUT cell according to claim 5, wherein the layer
of polydimethylsiloxane is in contact with the cell membrane.

16. The CMUT cell according to claim 1, wherein the
acoustic lens further comprises a layer made of polyether
block amide (PEBAX) located at the outer surface.
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