US 20120022375A1

a9 United States

a2y Patent Application Publication (o) Pub. No.: US 2012/0022375 A1

Deladi et al.

43) Pub. Date: Jan. 26, 2012

(54)

(75)

(73)

2y

(22)

(86)

(30)

ACOUSTIC DEVICE FOR ULTRASONIC

IMAGING

Inventors:

Assignee:

Appl. No.:
PCT Filed:

PCT No.:

§ 371 (e)(1),

(2), (4) Date:

Szabolces Deladi, Veldhoven (NL);
Jan Frederik Suijver, Dommele
(NL); David Maresca, Rotterdam

(NL)

KONINKLIJKE PHILIPS
ELECTRONICS N.V.,,
EINDHOVEN (NL)

13/146,066
Jan. 25, 2010

PCT/1B2010/050309

Aug. 1,2011

Foreign Application Priority Data

Jan. 30, 2009

(EP)

.................................. 09151692.2

Publication Classification

(51) Int.Cl

AGIB 8/12 (2006.01)

AGIB 8/13 (2006.01)

AGIB 8/00 (2006.01)
(52) US.CL ........ 600/443; 600/472; 600/466; 600/464
(57) ABSTRACT

The present invention relates to an acoustic device for ultra-
sonic imaging of an object (21). The device comprises an
acoustic transducer (10 and an acoustic lens (20) arranged to
variably refract the said acoustic pulse to and/or from the
acoustic transducer. The acoustic lens comprising a first (L1)
and a second fluid (L.2) being separated by an acoustic inter-
face (7), the normal of the said acoustic interface forming a
relative angle of incidence (AI) with the said acoustic pulse,
e.g. an electrowetting lens. The first and the second fluid of
the acoustic lens (20) are specifically chosen so that the
acoustic interface (7) has a reflection minima at a non-zero
relative angle of incidence (AI). The invention is advanta-
geous for obtaining an improved acoustic device having a
substantially lower reflection in a broader interval of inci-
dence angles as compared to hitherto seen ultrasonic imaging
utilising acoustic lenses with two or more fluids as the active
acoustic refracting entities.
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ACOUSTIC DEVICE FOR ULTRASONIC
IMAGING

FIELD OF THE INVENTION

[0001] The present invention relates to an acoustic device
for ultrasonic imaging. The invention also relates to a catheter
with an acoustic device, and to an imaging system with an
acoustic device according to the present invention.

BACKGROUND OF THE INVENTION

[0002] Ultrasonic imaging is one of the most important
diagnostic tools in healthcare technology. Generally, the
transducers used in external applications (e.g. imaging of
organs from outside of the body) are based on phased array
configuration, however for internal use within the body (e.g.
catheter applications), the size of the transducer is very lim-
ited. One of the solutions for catheter applications is the liquid
lens ultrasound configuration, where the scanning of the
ultrasound is performed by tilting a liquid/liquid interface in
front of the transducer, which refracts the ultrasound, there-
fore allowing imaging within a well defined sector in front of
the catheter, a so-called B-scan imaging. One example of
such ultrasonic imaging device can be found in WO 2008/
023287.

[0003] One of the fundamental problems for imaging
through a liquid/liquid interface is the reflection of the ultra-
sound from this interface backwards to the transducer, which
generates undesired signals or reverberation in an ultrasound
image.

[0004] Fornormal incidence of the ultrasound to the liquid/
liquid interface the reflected power density is given by

72
:(Z+2)

[0005] where Z, is the acoustic impedance of the liquids
Z=p,v;; p is the density and v is the velocity of the sound in
the liquids. Thus, it is evident that minimal reflection, R, is
obtained when the impedance, Z, of the two liquids is almost
equal.

[0006] However, only those liquids are interesting for
refracting ultrasound, which have large velocity of sound
mismatch, since in acoustics the Snell’s law refers to the
speed of sound in the calculation of the transmittance angle.
This automatically means that the density mismatch of the
two liquids should be substantially inversely proportional to
the ratio ofthe sound speed, v, in the liquids. In order to obtain
reasonable refraction of the ultrasound, which could be used
for example in a B-scan imaging of a sector of approximately
50 degrees total angle, the ratio of the acoustic velocity in
liquids should preferably be around 2, which means that the
ratio of the densities, p, should be about 0.5 for relatively low
reflection of the ultrasound from the liquid/liquid interface.
An additional defining criterion is that the two liquids should
have acoustic impedance, Z, close to that of the tissue and
blood for medical applications. Since blood consists in alarge
part of water, it means that water is a suitable choice for one
liquid.

[0007] Once a suitable liquid pair is chosen, the effective
viewing angle, to be used for example in a B-scan imaging, is
inherently limited by the fact the reflection, R, in the liquid/
liquid interface is increasing relatively fast at angles different
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from normal incidence. This can be compensated by tilting
the acoustic lens formed by the liquid/liquid interface, but this
disadvantageously limits the effective viewing angle of the
imaging device because the tilting is in turn limited by the
mechanical constraints in narrow catheter applications. Thus,
both the reflection at normal and non-normal incidence, and
the effective viewing angle of the imaging device are to some
extent constraining or hindering further improvements in this
field.

[0008] Hence, an improved acoustic device for ultrasonic
imaging would be advantageous, and in particular a more
efficient and/or reliable acoustic device would be advanta-
geous.

SUMMARY OF THE INVENTION

[0009] Accordingly, the invention preferably seeks to miti-
gate, alleviate or eliminate one or more of the above men-
tioned disadvantages singly or in any combination. In par-
ticular, it may be seen as an object of the present invention to
provide an acoustic device that solves the above mentioned
problems of the prior art with the limited viewing angle in
ultrasonic imaging.

[0010] This object and several other objects are obtained in
a first aspect of the invention by providing an acoustic device
for ultrasonic imaging of an object, the device comprises: an
acoustic transducer capable of receiving and/or emitting an
acoustic pulse, and an acoustic lens arranged to variably
refract the said acoustic pulse to and/or from the acoustic
transducer, the acoustic lens comprising a first and a second
fluid being separated by an acoustic interface, the normal of
the said acoustic interface forming a relative angle of inci-
dence with the said acoustic pulse,

[0011] wherein the first and the second fluid of the acoustic
lens is chosen so that the acoustic interface has a reflection
minima as a function of the relative angle of incidence at an
angle different from zero.

[0012] The invention is particularly, but not exclusively,
advantageous for obtaining an improved acoustic device suit-
able for ultrasonic imaging having a lower reflection in
broader interval of incidence angles as compared to hitherto
seen ultrasonic imaging utilising acoustic lenses with two or
more fluids as the active acoustic refracting entities.

[0013] The present invention further demonstrates that
although most of the previously applied fluid combinations
have increasing reflection, R, of ultrasound from the said
acoustic interface with increasing incidence angle, there are
in fact configurations where the reflection decreases, prefer-
ably to substantially zero, by increasing the incidence angle,
above which it increases again i.e. there is a local minima in
the reflection different from the normal incidence at the inter-
face. The exploitation of this effect is quite beneficial for
ultrasound imaging with reduced reflection through the fluid
lenses, e.g. electrowetting liquid lenses.

[0014] The present invention is particular suited for ultra-
sonic imaging of objects, the said imaging may in particular
include flow measurements made by Doppler sonography, for
example medical flow measurements for vascular analysis or
similar medical flows. It is further contemplated that the
present invention may also be exploited in connection with
acoustic treatment, e.g. ultrasonic treatment, of malign tissue,
where correct dosage (delivered energy and position) is
important in order to obtain the desired therapeutic effect in
the malign tissue. This may be exploited for example in
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connection with focused ultrasound surgery (FUS) where
localised heating of tissue is applied for therapeutic purposes.

[0015] In the context of the present invention, the term
“transducer” may be understood to mean an entity arranged to
function as a transmitter capable of transforming a first form
of energy into a second form of energy and emit the second
kind of energy, e.g. electric energy transported to the trans-
ducer in a wire is transformed into acoustic energy which is
emitted from the transducer. Alternatively or additionally, the
term “transducer” may be understood to mean an entity
arranged to function as a sensor capable of transforming a first
form of energy into a second form of energy, and convey the
second kind of energy away or out from the transducer in the
form of signals indicative of the first kind of energy detected
by the transducer. Thus, the transducer may receive acoustic
signals or pulses, and transform them into electric signals
indicative of the received acoustic signals or pulses.
Examples of transducers may include, but is not limited to,
piezoelectric transducers, electromagnetic acoustic trans-
ducer (EMAT), acoustic-optical transducers, PVdF transduc-
ers, capacitative microfabricated ultrasonic transducer
(CMUT), piezoelectro micromachined ultrasonic transduc-
ers (PMUT), etc.

[0016] In it most general aspect, the present invention uti-
lises two (or more) fluids to provide an acoustic refraction of
the acoustic pulse between the transducer and objected to be
imaged. The fluids may include, but is not limited, to liquids
(including mixtures thereof), gas (including mixtures
thereof), gels, plasmas, etc.

[0017] In the context of the present invention, it is to be
understood that an acoustic pulse is typically impinging in
more than one relative angle of incidence on the acoustic
interface in the lens due to the fact that in practical implemen-
tations the acoustic pulse will almost always have certain
spatial width and because the acoustic interface will typically
have a certain curvature in order to have a non-zero focusing
power. It is accordingly also to be understood that the said
normal to the acoustic interface may be operationally defined
for an interval of incidence angles, or alternatively for a
central or an average part of the acoustic pulse. Itis also to be
understood that the variably refract of the said acoustic pulse
may be performed by both displacement (transversal/rota-
tional) and/or by change of the meniscus form so as to provide
both focusing and off axis changes as the need may be for
imaging of an object.

[0018] Inthecontext of the present invention, itis also to be
understood that an acoustic pulse has an appropriate fre-
quency, or most often an appropriate range of frequencies,
suitable for ultrasonic imaging. Thus, the minima in the
reflection may strictly speaking only be obtained for a single
frequency or a relatively narrow band of frequencies. How-
ever, for practical applications the minima in the reflection in
the interface is typically obtained over a rather broad range of
frequencies due to the relative moderate variations of the
acoustical properties, e.g. speed of sound and absorption
coefficients, as a function of the frequency. For ultrasonic
imaging the range of frequencies is typically in the range from
1-50 MHz, or in the range from 2-18 MHz, preferably 3-10
MHz, but any ultrasonic frequency, defined as frequencies
above approximately 20 kHz (limit of human hearing), may
possible be exploited within the teaching of the present inven-
tion.
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[0019] Ina preferred embodiment, the acoustic lens may be
an electrowetting fluid lens comprising a first and a second
fluid.

[0020] Inone embodiment, the density of the first fluid, p,,
and the density of the second fluid, p,, and the speed of sound
ofthe first fluid, v,, and the speed of sound of the second fluid,
v,, at a centre frequency of the acoustic pulse, may fulfill the
criteria:

P2v3(pLvi — p2v2)(p1vy + p2va) .

0
2.4 _ 2.4
P2V2 = PIVI

[0021] Typically, the density of the second fluid may be
approximate twice as larger as the density of the first fluid,
and the speed of sound of the second fluid may then be
approximate half as larger as the speed of sound of the first
fluid, at a frequency of the acoustic pulse.

[0022] Inone embodiment, the first fluid may be water and
the second fluid may be perfluoroperhydrophenanthrene
(C,4F,,). However, once the principle of the present inven-
tion has been appreciated other combinations of fluids, e.g.
liquids, are available by routine experimentation and/or simu-
lations of fluid combinations.

[0023] Preferably, the reflection (R) at the said reflection
minima is substantially zero. However, for practical applica-
tion it may suffice that R<0.05, but preferably R<0.01 at the
steering half-angles of below 15 degrees, preferably below 25
degrees.

[0024] Typically, the first derivative of the reflection at the
acoustic interface with respect to the relative angle of inci-
dence is negative immediately above zero relative angle of
incidence in order to approach the minima of reflection in a
monotonic fashion. However, other more complicated behav-
ior of the reflection is also possible.

[0025] The minima of reflection may be distinguished by
the first derivative of the reflection at the acoustic interface
withrespect to the relative angle of incidence changing sign at
the said reflection minima, e.g. from negative to positive.
However, there may even be several minima or even local
maxima different from non-zero if the acoustic properties of
the fluids are so proportionated relative to each other at the
frequency in question.

[0026] Typically, the relative angle of incidence at said
reflection minima may be positioned at approximately half
the value of a maximum relative angle of incidence possible
in the acoustic device. Thus, the relative angle of incidence at
said reflection minima may be in the interval from 2-40
degrees, preferably 10-30 degrees, or most preferably 15-25
degrees.

[0027] Inasecond aspect, the present invention relates to a
catheter or a needle comprising the acoustic device according
to any of the preceding claims. For some application the
acoustic device may form part of an endoscope, a catheter, a
needle, or a biopsy needle, or other similar application as the
skilled person will readily realize. It is also contemplated that
fields of application of the present invention may include, but
is not limited to, fields where small imaging devices are
useful, such as in industries using inspection with small-scale
devices etc.
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[0028] In a third aspect, the present invention relates to an
ultrasonic imaging system, the system comprises:

[0029] an acoustic transducer capable of receiving and/or
emitting an acoustic pulse,

[0030] anacoustic lens arranged to variably refract the said
acoustic pulse to and/or from the acoustic transducer, the
acoustic lens comprising a first and a second fluid being
separated by an acoustic interface, the normal of the said
acoustic interface forming a relative angle of incidence with
the said acoustic pulse, wherein the first and the second fluid
of the acoustic lens is chosen so that the acoustic interface has
a reflection minima as a function of the relative angle of
incidence at an angle different from zero,

[0031] a control unit, the control unit being operably con-
nected to the acoustic lens for controlling the acoustic inter-
face of lens, the control unit further being operably connected
to the acoustical transducer, the control unit being adapted for
receiving first signals from the transducer indicative of a
received acoustic pulse, and/or the control unit being adapted
for sending signals to the transducer indicative of an acoustic
pulse to be emitted, and

[0032] an imaging unit, the imaging unit being operably
connected to the control unit, the control unit being capable of
the sending second signals indicative of the received acoustic
pulse to the imaging unit, the imaging unit being adapted for
forming images from the said second signals.

[0033] In afourth aspect, the present invention relates to a
method for providing an acoustic device, the method com-
prises:

[0034] providing an acoustic transducer capable of receiv-
ing and/or emitting an acoustic pulse, and

[0035] providing an acoustic lens arranged to variably
refract the said acoustic pulse to and/or from the acoustic
transducer, the acoustic lens comprising a first and a second
fluid being separated by an acoustic interface, the normal of
the said acoustic interface forming a relative angle of inci-
dence with the said acoustic pulse,

[0036] wherein the first and the second fluid of the acoustic
lens is chosen so that the acoustic interface has a reflection
minima as a function of the relative angle of incidence at an
angle different from zero.

[0037] The first, second, third and fourth aspect of the
present invention may each be combined with any of the other
aspects. 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 FIGURES

[0038] The present invention will now be explained, by
way of example only, with reference to the accompanying
Figures, where FIG. 1 shows two schematic drawings of
refracting ultrasound the interface between two immiscible
liquids according to the present invention,

[0039] FIG. 2 shows schematic drawings of a liquid lens
according to the present invention,

[0040] FIG. 3 is a graph of intensity reflection, R, of the
ultrasound from various liquid/liquid interfaces as a function
of the steering angle according to the present invention, and
[0041] FIG. 4 is a flow-chart of a method according to the
invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0042] FIG. 1 shows two schematic drawings of refracting
ultrasound the interface between two immiscible liquids. In
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both parts of the figure, the acoustic pulse 5 is emitted from
the transducer 10 as also indicated by the arrows originating
from the transducer and continued on the other side of the
acoustic interface 7. On the side of the transducer 10, the first
liquid L1 is positioned, the first liquid together with the sec-
ond liquid L2 define the acoustic interface 7. The acoustic
interface is typically formed due to immiscibility of the two
liquids in an electrowetting lens, but the acoustic interface
could also be defined by a membrane or similar separating the
two liquids, or, more generally, the two fluids apart. It should
be noted that the acoustic interface 7 is for illustrative pur-
poses given as a straight interface, hence no focusing poweris
present. In typically applications, the interface will be curved
or formed as ameniscus. The transducer 10 may be embedded
in the first liquid L1, or positioned outside the first liquid L1
but acoustically coupled to the first liquid L1. For further
reference on the operation and principles of the acoustical
imaging device with a liquid lens, the skilled reader is referred
to WO 2008/023287 (to the present applicant), which is
hereby incorporated by reference in its entirety.

[0043] In the left part of FIG. 1, the acoustic pulse 5 is
incident or impinging on the interface 7 at a normal angle i.e.
the relative angle of incidence with the normal of the interface
is zero.

[0044] In the right part of FIG. 1, the acoustic pulse 5 is
incident on the interface 7 at relative angle of incidence Al
different from zero, and accordingly the acoustic pulse 5 is
refracted by the interface 7 as can be calculated by Snell’s law
in acoustics once the speed of sound of the first liquid, v,, and
the speed of sound of the second liquid, v,, at the frequency of
the acoustic pulse 5, are known.

[0045] FIG. 2 shows two schematic drawings with parts of
an acoustic device for ultrasonic imaging of an object 21. The
device comprises an acoustic transducer 10 capable of receiv-
ing and/or emitting an acoustic pulse 5. An acoustic lens 20 is
arranged to variably refract the said acoustic pulse 5 to and/or
from the acoustic transducer 10, the acoustic lens comprising
a first liquid L1 and a second liquid L2 being separated by an
acoustic interface 7, the normal of the said acoustic interface
forming a relative angle of incidence Al with the said acoustic
pulse 5.

[0046] The first L1 and the second liquid L2 of the acoustic
lens 20 is chosen so that the acoustic interface 7 has a reflec-
tion minima as a function of the relative angle of incidence Al
at an angle different from zero, i.e. AI 0 degrees.

[0047] On the left part of FIG. 2, the meniscus is curved
upwards for focusing of the pulse 5, the pulse in a focal point,
which is seen to be positioned also around a central acoustical
path of the lens 20.

[0048] On the right part of FIG. 2, the meniscus is also
curved upwards for focusing of pulse 5 on the object 21 for
imaging, but in this part of the figure, the object is off-axis
relative to the left part position of the meniscus. Accordingly
the meniscus is tilted by applying voltages on the electrodes
of the electrowetting lens 20 in an appropriate manner. It
should noted that the fluid lens facilitates both displacements
(rotations and lateral displacements) and change of shape for
the acoustic interface thereby providing a advantageous solu-
tion as compared to many conventional lenses with a fixed
shape. For further reference on the details, operations and
principles of the fluid lens, the skilled reader is referred to WO
2005/122139 (to the present applicant), which is hereby
incorporated by reference in its entirety. By exploiting the
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present invention, the reflection at the acoustic interface 7 can
be made significantly lower as will be explained below.
[0049] In some embodiments, the relative angle of inci-
dence could be varied by rotating and/or displacing the acous-
tic transducer 10 relative to the acoustic lens 20. Alternatively,
the relative angle of incidence could be varied by rotating
and/or displacing the acoustic lens 20 as whole relative to the
transducer 10. Possibly, a combination of above three relative
angle variations could be applied.

[0050] To find the reflection in the general case of ultra-
sound at interface with non-normal incidence, it can be shown
that

2
(Zz/cosé, —Z; [cosb; )2 _ ZZ/ \' 1 —sing, —Z; /cost;
221 cosb; + 2y [ cost) Zz/\/ 1 —sin%, +27; /cosb;

and Snell’s law

[0051]

v, sin 8=V, sin §,= sin 6,=v,/v, sin 6,

can be used to find that

2
2
Zz/ 1- (:—;sinza-) —Z [cosb;

2
ZZ/ 1- (:—;sinza-) + Z [cosb;

Vi 2
p2v2/ 1- (v—zsmz(?;) — p1vi / cos;

v 2
pzvz/ 1- (v—:sinz(?,) + p1vy /cosh;

[0052] Finding the ultrasonic angle 8 at which R=0 is now
straightforward,

2
Vi \2
p2v2/ 1- (—smGB) —p1vy /cosfp
V2
0=
Vi 2
p2v2/ 1- (—sm@B) + vy [cosfp
V2
vi .2
O:pzvz/ 1—(—sm03) — p1vy /cosfp
V2
Vi \?
pzvz/ 1- (—sm@B) = p1vy [cosbp
v2

pvi [ P3vi = vaVA(vy + vp)
fp = xarccos| — [ —————— |
P2V2 PIVI — P22

[0053] The + or - sign indicate where the acoustic mini-
mum angle is with respect to the origin. Note that, depending
on the sign, a liquid/liquid combination may or may not have
an acoustic minimum angle. This is determined by the physi-
cal parameters (density, speed of sound) of the two fluids or
liquids.
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[0054] It is also relevant to know the demand for the exist-
ence of a minimum angle, 0: it is required that for small 6 the
reflection coefficient decreases. In other words, dR/d6<0 for
small 6. This differential is

2p1p2v1 (V5 + vicos(26))

p1vicosd > > Py X
AR (—2p2v2 + V—z 4v3 — 2v{ + 2vicos(26) )sm@

a0~ 7 3 3
va f1— —;sinZO [p2v2 +ppvicosd [1— —;sinz(?]
vz vz

[0055] As the denominator of dR/dO is positive definite, the
requirement that dR/d6<0 is equivalent with

=2p1pavy (v% + vfcos(20))

0 ——
(—2/)2\/2 + M%\/M% — 207 +2v}cos(20) )sin@ <0
2

which can be simplified to

4
M\l 4v] = 2% +213cos(20) > 20,5

V2

[0056] under the assumption that sin 6>0 and using the
knowledge that all physical parameters (density, speed of
sound) are positive definite. Incorporating the acoustic mini-
mum angle into this equation, one finds the demand for the
existence of the acoustic minimum angle,

v | P50 = v2)V3(vy + )
P22 pivi - p3vi

PLVL cos[arccos[

V2

\/4\/% -7+ 2Vfcos[2

p2v2 pivi - pivi

[Plvl P3(vi = v)V(vy +12) ]D
arccos| —— —_— >

2p2v2

which can be re-written as

V3P — p2v2)(p1vy + p2va) S

0.
24 _ 2.4
V2 —PIVI

[0057] The latter inequality gives a condition to be fulfilled
for the pair of fluids or liquids in a acoustic lens 20.

[0058] The following examples were studied as liquid com-
binations for ultrasound imaging through a liquid lens: H,O/
C,sF3;N; H,O/C5F,,, H,O/C,F,,. Properties of these flu-
ids are given in Table 1 below.
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TABLE 1
Attn
Density V1  Imped. dB/mm @

Material formula g/em3 km/s MRayl 25MHz
Fluorinert (FC-70)  CI5F33N 1.94  0.691 134 10
Perfluoroperhydrofiuorene (FO6008) C13F22 1.984 0.744 148 33
Perfluoroperhydrophenanthrene  (F06202) C14F24 2.03 0.776  1.58 3.7
Water H20 1 1.48 1.48 0

[0059] For tilted liquid/liquid interface the relative angle of
incidence plays an important role in the definition of the
intensity reflection:

_ (Zz/cosg, —Z, [cosb; )2
T \Z, [cosO, +Z; [cosh;

[0060] where 6, and 6, are the incidence and transmittance
angle respectively.

[0061] FIG. 3 is a graph of intensity reflection, R, of the
ultrasound from various liquid/liquid interfaces as a function
of the half the steering angle. Note that the listed so-called
steering angle of the ultrasound is related to the angle of
incidence, Al, by Snell’s law, the speed of sounds in the two
fluids/liquids, and a geometric calculation as indicated in
FIG. 1. For a total scanning angle, the graph should be mir-
rored around the intensity reflection axis, R, as it is also
evident from the above derivation of the minimum angle and
the resulting criteria. The curves are calculated using the
above equation for R.

[0062] In FIG. 3, the intensity reflection, R, of the ultra-
sound is presented for the three different liquid combinations.
For H,0/C,sF;;N and H,0O/C;F,,, the intensity reflection
increases starting from normal incidence, and for the first
liquid combination the reflection exceeds already 1% for 15
degrees steering angle of the ultrasound beam.

[0063] However, the curve of the liquid pair H,O/C, F,,
shows a qualitatively different behavior. The intensity
decreases towards zero for about 10 degrees after which
increases again. From the three configurations of liquid, the
last one is therefore the most advantageous for ultrasound
refraction because it gives the smallest reflection of ultra-
sound from the liquid/liquid interface for this range of steer-
ing angles. This demonstrates that for the ultrasound reflec-
tion in scanning applications the best choice of liquids is not
necessarily given by the perfect match of the acoustic imped-
ances as has been hitherto been the standard procedure in the
field. To some extent there is a phenomenological analogy
with Brewster angle from optics as suggested by the form of
the H,O/C,F,, reflection curve from FIG. 3. However,
because the ultrasound waves are longitudinally polarized in
liquids and the Brewster angle in optics arises from the dif-
ferent scattering of p-polarised and s-polarised light at the
interface, there is no further comparison.

[0064] FIG. 4 is a flow chart of a method according to the
invention. The method comprises:

[0065] S1 providing an acoustic transducer 10 capable of
receiving and/or emitting an acoustic pulse 5, cf. FIGS. 1 and
2, and

[0066] S2 providing an acoustic lens 20 arranged to vari-
ably refract the said acoustic pulse to and/or from the acoustic

transducer 5, the acoustic lens comprising a first and a second
fluid, L1 and L2, being separated by an acoustic interface, the
normal of the said acoustic interface forming a relative angle
of'incidence with the said acoustic pulse, cf. FIGS. 1 and 2,
[0067] wherein the first and the second fluid of the acoustic
lens 20 is chosen so that the acoustic interface 7 has a reflec-
tion minima as a function of the relative angle of incidence at
an angle different from zero, cf. FIG. 3.

[0068] Although the present invention has been described
in connection with the specified embodiments, it is not
intended to be limited to the specific form set forth herein.
Rather, the scope of the present invention is limited only by
the accompanying claims. In the claims, the term “compris-
ing” does not exclude the presence of other elements or steps.
Additionally, although individual features may be included in
different claims, these may possibly be advantageously com-
bined, and the inclusion in different claims does not imply
that a combination of features is not feasible and/or advanta-
geous. In addition, singular references do not exclude a plu-
rality. Thus, references to “a”, “an”, “first”, “second” etc. do
not preclude a plurality. Furthermore, reference signs in the
claims shall not be construed as limiting the scope.

1. An acoustic device for ultrasonic imaging of an object
(21), the device comprises:

an acoustic transducer (10) capable of receiving and/or

emitting an acoustic pulse (5), and

an acoustic lens (20) arranged to variably refract the said

acoustic pulse to and/or from the acoustic transducer, the
acoustic lens comprising a first (L1) and a second fluid
(L2) being separated by an acoustic interface (7), the
normal of the said acoustic interface forming a relative
angle of incidence (Al) with the said acoustic pulse,
wherein the first and the second fluid of the acoustic lens
(20) is chosen so that the acoustic interface (7) has a
reflection minima as a function of the relative angle of
incidence (Al) at an angle different from zero.

2. The acoustic device according to claim 1, wherein the
acoustic lens (20) is a electrowetting fluid lens comprising a
first and a second fluid (L1, L2).

3. The acoustic device according to claim 1, wherein the
density of the first fluid, p,, and the density of the second
fluid, p,, and the speed of sound of the first fluid, v,, and the
speed of sound of the second fluid, v, at a centre frequency of
the acoustic pulse, fulfill the criteria:

V3 (P11 — p2v2)(p1vy + p2va) .

0
24 _ 2.4 .
P2V2 —P1IVI

4. The acoustic device according to claim 1, wherein the
density of the second fluid (L.2) is approximate twice as large
as the density of the first fluid (L.2), and the speed of sound of



US 2012/0022375 Al

the second fluid is approximate half as larger as the speed of
sound of the first fluid, at a centre frequency of the acoustic
pulse.
5. The acoustic device according to claim 1, wherein first
fluid (L1) is water and the second fluid is perfluoroperhydro-
phenanthrene (C,,F,,).
6. The acoustic device according to claim 1, wherein the
reflection (R) at the said reflection minima is substantially
zZero.
7. The acoustic device according to claim 1, wherein the
first derivative of the reflection (R) at the acoustic interface (7)
with respect to the relative angle of incidence (Al) is negative
immediately above zero relative angle of incidence
8. The acoustic device according to claim 1, wherein the
first derivative of the reflection (R) at the acoustic interface (7)
with respect to the relative angle of incidence changes sign at
the said reflection minima.
9. The acoustic device according to claim 1, wherein the
relative angle of incidence (Al) at said reflection minima is
positioned at approximately half the value of a maximum
relative angle of incidence possible in the acoustic device.
10. The acoustic device according to claim 1, wherein the
relative angle of incidence (Al) at said reflection minima is in
the interval from 2-40 degrees, preferably 10-30 degrees, or
most preferably 15-25 degrees.
11. A catheter comprising the acoustic device according to
claim 1.
12. A needle with the acoustic device according to claim 1.
13. An ultrasonic imaging system, the system comprises:
an acoustic transducer (10) capable of receiving and/or
emitting an acoustic pulse (5),

an acoustic lens (20) arranged to variably refract the said
acoustic pulse (5) to and/or from the acoustic transducer
(10), the acoustic lens comprising a first and a second
fluid being separated by an acoustic interface, the nor-
mal of the said acoustic interface forming a relative
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angle of incidence with the said acoustic pulse, wherein
the first and the second fluid of the acoustic lens is
chosen so that the acoustic interface has a reflection
minima as a function of the relative angle of incidence at
an angle different from zero,

a control unit, the control unit being operably connected to
the acoustic lens for controlling the acoustic interface
(7) of the acoustic lens, the control unit further being
operably connected to the acoustical transducer, the con-
trolunit being adapted for receiving first signals from the
transducer indicative of an received acoustic pulse, and/
or the control unit being adapted for sending signals to
the transducer indicative of an acoustic pulse to be emit-
ted, and

an imaging unit, the imaging unit being operably con-
nected to the control unit, the control unit being capable
of sending second signals indicative of the received
acoustic pulse (5) to the imaging unit, the imaging unit
being adapted for forming images from the said second
signals.

14. A method for providing an acoustic device, the method

comprises:

providing an acoustic transducer (10) capable of receiving
and/or emitting an acoustic pulse (5), and

providing an acoustic lens (20) arranged to variably refract
the said acoustic pulse to and/or from the acoustic trans-
ducer (5), the acoustic lens comprising a first and a
second fluid (L1, L2) being separated by an acoustic
interface, the normal of the said acoustic interface form-
ing a relative angle of incidence with the said acoustic
pulse,

wherein the first and the second fluid of the acoustic lens
(20) is chosen so that the acoustic interface (7) has a
reflection minima as a function of the relative angle of
incidence at an angle different from zero.

* * * #* ok
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