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(54) HIFU INDUCED CAVITATION WITH REDUCED POWER THRESHOLD

(57) The invention relates to high intensity focused
ultrasound devices. Furthermore the invention relates to
an apparatus for irradiating a liquid sample with acoustic
energy to generate cavitation in the liquid sample. The
apparatus comprises a source and is adapted to receive

a cartridge in such a way, that the apparatus focuses the
HIFU waves emitted from the source onto a liquid air
interface that is present within the cartridge. This focusing
is performed when the cartridge is inserted into a receiv-
ing section of the apparatus.
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Description

FIELD OF THE INVENTION:

[0001] The invention relates to acoustical devices for
inducing cavitation. In particular the invention relates to
an apparatus for irradiating a sample with acoustic en-
ergy to generate cavitation in the liquid sample, a car-
tridge for an apparatus for irradiating a liquid sample with
a acoustic energy to generate cavitation in the liquid sam-
ple, a system for irradiating a liquid sample with acoustic
energy, a computer program element, a computer read-
able medium and a method for irradiating a liquid sample
with acoustic energy to generate cavitation in the liquid
sample.

BACKGROUND OF THE INVENTION:

[0002] High-intensity focused ultrasound (HIFU) has
been increasingly used in the field of molecular device
applications to overcome problems of known technolo-
gies of treating samples. By means of the acoustic energy
focused onto the sample sonophysical or sonochemical
reactions can be caused in an efficient way. Furthermore
in recent years, progress in many aspects of sample-in
result-out devices, also known as micro total analysis
systems or lab on a chip has been realized. For example
the integration and miniaturization results in systems re-
quiring a relative small, acceptable contamination risk of
the sample, high sensitivity and short turnaround time of
the test and lower costs per tests. Furthermore between
sample input and result generation minimal operator in-
tervention shall be required. Operator interventions can
be done by relatively unskilled operators and moderate
demands on operating environment.
[0003] Cavitation is defined as the phenomenon of for-
mation of vapor bubbles of a liquid inner region when the
pressure of the liquid falls below its vapor pressure. In
molecular analyzing devices cavitation may be used to
achieve lysis of cells within the sample that is to be treated
with HIFU but also other treatment functions like mixing
liquefaction may be caused by HIFU. Within known tech-
nologies the treatment functionalities mixing and lysing
require different power levels, which may make it com-
plicate to do both in one single chamber. To provide for
high power systems large transducers are used and liq-
uid cooling may be applied in order to avoid excessive
heating.

SUMMARY OF THE INVENTION:

[0004] In may be an object of the invention to provide
a HIFU sample treatment with reduced power.

Definitions and abbreviations:

[0005] It shall be noted that in the context of this inven-
tion the following definitions and abbreviations will be

used:

High Intensity Focused Ultrasound (HIFU): The
term "HIFU" will be used in the context of the inven-
tion as focused acoustic field with source frequen-
cies in the range of 0.2 MHz to 10 Mhz, with ampli-
tudes chosen to be sufficient efficient to create high
pressure shock-waves and/or cavitation in the focal
zone. Focal zone dimensions (length and diameter)
are dependent on the source transducer type (e.g.
natural focusing by flat or enforced focusing by con-
ical/spherical source transducers). Exemplary
length-scales for the indicated frequency range are
(sub) millimeters.

Sample-in result-out system: A system which ac-
cepts a (e.g. biological) sample, does all the required
preparation steps to prepare for detecting any kind
of facts, runs the detection and delivers the detection
results. For example a device for molecular analysis
of samples like e.g. blood or other cells can be pro-
vided, that provides for all necessary analysis steps
from the supply of the natural, untreated sample to
the result of the analysis.

Interface /Interface medium: In the context of the
invention the propagation path of the acoustic energy
may consist of several components like the source,
the full solid coupler and the cartridge. In order to
describe the transitions or areas where these differ-
ent elements of the propagation path get in physical
contact to each other the terms interface and inter-
face medium are used. For example if a coupler is
physically contacted with the cartridge, the interface
medium of the coupler describes the material used
in the coupler within this area of the coupler brought
in contact with the cartridge.

Apparatus / Device: The expression "device" in the
context of the invention includes molecular diagnos-
tic devices as well as other devices. Applications of
the device may e.g. be in healthcare/life science,
food industry, veterinary practice and forensic appli-
cations.

Sample: It shall explicitly be noted that the term
"sample" may contain samples for molecular analy-
sis being treated with the device according to the
present invention. For example blood, cultured
blood, urine, aspirate, samples with water like vis-
cosity, heterogeneous samples or samples on a car-
rier like BAL, sputum, tracheal aspirate, CSF, swab
and / or brush with pathogen. Nevertheless this does
not mean that any other kind of matter, solid, liquid,
gaseous or any combination thereof is excluded from
being a sample and being irradiated with focused
acoustic energy by the invention.
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Treatment of the sample: The term "treatment" or
"treating" is used in the context of the invention to
describe the interaction of the focused acoustic en-
ergy with the sample. By the HIFU the various son-
ochemical and / or sonophysical reactions are
caused in the sample to generate functionalities like
e.g. mixing, dispersing, stirring, elution from swabs
or brushes, liquefaction, lysing or cell release.

[0006] According to an exemplary embodiment of the
invention an apparatus for irradiating a liquid sample with
acoustic energy to generate cavitation in the liquid sam-
ple is presented. The apparatus comprises a source for
emitting high intensity ultrasound waves. Furthermore
the apparatus is adapted for receiving a cartridge. For
example the apparatus comprises a receiving section for
receiving a cartridge. The cartridge contains the liquid
sample and a liquid air interface. Furthermore the appa-
ratus focuses the high intensity ultrasound waves such
that a fountain of liquid above the liquid-air interface with-
in the cartridge is created when the cartridge is received
by the apparatus e.g. by the receiving section.
[0007] In other words the apparatus is combined with
a cartridge, that is not a flow-through cartridge, but pro-
vides firstly for the liquid sample and secondly for an air
volume above the liquid sample. Thus the boundary layer
between the liquid sample and the air volume is present
within the cartridge. The apparatus is furthermore adapt-
ed for receiving the cartridge at the receiving section in
order to build up a propagation path for the high intensity
ultrasound waves from the source to the cartridge and
therefore to the liquid sample.
[0008] The focusing which creates the fountain may
be realized in various different ways. For example the
apparatus may focus direct onto the liquid-air interface
but may also focus below that interface into the liquid
sample or above that interface and may thus focus into
the air volume that is provided by the cartridge above the
liquid air interface. All these embodiments may be sub-
sumed under the term "focusing on the liquid-air inter-
face". An important aspect of all possible focusing pos-
sibilities is that a fountain is created. Fountain droplets
returning from the fountain to the liquid sample may in-
duce a cavitation process within the liquid sample. The
droplets returning into the liquid may introduce small air
bubbles and/or air films which in turn may be the starting
point for a cavitation. To be more precise exemplary em-
bodiments of the focusing shall be described in detail
hereinafter:
[0009] As a first exemplary embodiment of the focusing
the case in which the focal length of the source and / or
possible focusing elements like e.g. lenses is longer than
the distance from the source to the liquid-air interface the
imaginary focus point is above the liquid-air interface and
thus in the air volume in the cartridge. For this condition
a fountain formation may be easy to achieve. In this case
a certain amount of the HIFU waves propagating from
the source to the liquid-air interface are not transmitted

into the air volume above this interface but are back re-
flected into the sample. Thereby the back reflected HIFU
waves are more or less focused onto the liquid-air inter-
face. It shall explicitly be noted that this way of focusing,
namely providing for an imaginary focal region or an im-
aginary focal spot in the air volume above the liquid-air
interface, shall be comprised when describing the inven-
tion. The focusing is done via the back reflection at the
liquid-air interface as described above. An important as-
pect of the invention is that the apparatus focuses the
HIFU waves onto the liquid-air interface in such a way,
that the fountain is created. This may reduce the power
threshold required for cavitation.
[0010] Of course a direct and explicit focusing of the
HIFU waves onto the liquid air interface is possible as a
second exemplary embodiment of the focusing of the HI-
FU waves by the apparatus. This may also create a foun-
tain reducing the power threshold. As the apparatus fo-
cuses the emitted HIFU waves on the liquid air interface
with sufficiently high power a fountain is created in the
focal zone of the focused HIFU waves.
[0011] A third exemplary embodiment of the focusing
of the HIFU waves by the apparatus shall be described
hereinafter: In the case that the focal length of the source
and / or possible focusing elements like e.g. lenses is
shorter than the length from the source to liquid-air inter-
face the focus point or focal spot may be in the sample
liquid. It may be an exemplary distance from the focal
spot or focal zone to the liquid-air interface that ranges
between 1-2 cm, wherein the focal zone is below the
liquid-air interface inside the liquid in the cartridge. There-
by an important aspect is that this focusing having the
focal spot slightly below the liquid-air interface creates a
fountain and thus reduces the power threshold required
for cavitation in the sample.
[0012] Furthermore it shall explicitly be noted that the
term focal length shall not be misleading, because it sug-
gests a point focus. In reality the focus shape may range
form a point to a cylinder-like (for a weakly-focusing
curved source or a natural-focusing flat source). It is im-
portant to note that with weakly focusing or weakly fo-
cusing sources fountains may be formed over a much
larger range of fluid heights. It should also be noticed that
for larger source input powers the distance to the liquid-
air interface, which is the liquid surface may be increased
which enables a larger volume in the cartridge to be treat-
ed or processed by the HIFU waves.
[0013] In other words an apparatus for molecular di-
agnostics is presented to provide for cavitation with a
reduced power threshold. The returning droplets of the
fountain created by the focused HIFU waves thus act as
nucleation features within the sample. In other words this
exemplary embodiment of the invention does not use ho-
mogeneous cavitation as known technologies may do.
This exemplary embodiment of the invention uses het-
erogeneous cavitation as the cavitation within the liquid
sample is induced by the apparatus by creating the foun-
tain due to the focusing.
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[0014] In other words this exemplary embodiment of
the present invention avoids to induce cavitation via the
wall of a chamber of the cartridge.
[0015] The fact that the apparatus focuses in such a
way that a fountain is caused which fountain in turn caus-
es droplets falling back to the liquid as nucleation ele-
ments leading to a reduced power which is necessary
for generating cavitation in the liquid sample. In other
words the focusing of the HIFU waves during for example
treatment, pretreatment or lysis of the liquid sample leads
to the possibility to use HIFU waves with a reduced en-
ergy and power. This may lead to the advantages of being
able to use smaller transducers or sources. Also a liquid
cooling may be avoided, as heating due to absorption of
the HIFU waves can also be reduced as the use of re-
duced power may be possible. Furthermore the possibil-
ity is created to use coupling media and transfer media
for the HIFU waves that are solid state materials. That
means that the HIFU waves may be transferred across
dry interfaces when propagating from the source to the
sample. This may also be possible due to the power re-
duction of the used HIFU waves, as also the absorption
within these media is reduced to a value that does not
lead to melting and /or degradation.
[0016] Furthermore a higher degree of miniaturization
may be reached due the possibility to use smaller trans-
ducers or sources and the complexity of the apparatus
may further be decreased. In addition to that it may be
possible to use polymer based materials as cartridge ma-
terials, as the absorption of HIFU waves by the cartridge
may be reduced by being able to use HIFU waves with
reduced power.
[0017] This means, that the cartridge may be formed
out of a material chosen from the group comprising pol-
yethylene, polypropylene, polyethylene terephthalate,
polymethylpentene, polymethylmethacrylate, polycar-
bonate, polystyrene, a polymer based material, and any
combination thereof. In addition to that the cartridge may
have one of the following characteristics: disposable,
consumable, removable, may contain one chamber or a
lot of chambers, may contain one sample or a lot of sam-
ples, industrial applicable.
[0018] These before mentioned advantages may lead
to a cost reduction of the apparatus, and a miniaturization
of the apparatus and / or the cartridge. Furthermore a
contamination risk of the sample with liquids from a cool-
ing bath is avoided, as no cooling bath may be needed
anymore.
[0019] Furthermore it shall be noted that for lysing cells
that are present in the liquid sample cavitation may be
required. By reducing the minimum power necessary for
generating cavitation as described above the apparatus
now enables to use one apparatus setup with a relatively
small source using reduced power values with which mix-
ing and lysis may be done.
[0020] As the minimum power necessary for generat-
ing cavitation in the liquid sample is reduced by the ap-
paratus mixing and lysis can be done in a cartridge made

out of a polymeric material like for example polyethylene,
epoxy and silicon. Melting and /or degradation of the car-
tridge may be avoided by this exemplary embodiment of
the invention as the used power may be reduced. There-
fore a polymer based process chamber being the car-
tridge may be part of a complete sample-in result-out
system using consumable cartridges. This may reduce
the costs of measurements being performed at the sam-
ple.
[0021] In other words this exemplary embodiment of
the invention overcomes the disadvantage of known
technologies that the wall of the cartridge or the process
chamber combines two functions, firstly a containment
of the liquid sample and secondly the induction of cavi-
tation. Contrary to these known technologies in this ex-
emplary embodiment of the invention the containment of
the liquid sample and the induction of cavitation in the
liquid sample are embodied separately. The containment
is embodied by the chamber and the induction of cavita-
tion is caused due to the focusing on the liquid air inter-
face that causes a fountain reducing the power threshold
for cavitation induction.
[0022] It shall explicitly be noted that in any embodi-
ment of the invention the set in of cavitation may be de-
pendent from the power of the HIFU source.
[0023] Furthermore the apparatus may be adapted in
such a way, that when the apparatus is turned on, the
apparatus automatically adjusts several different param-
eters in such a way, that the fountain is created. Exem-
plary parameters may for example be the power of the
source, the focal spot position and/or the shape of the
focal spot.
[0024] According to another exemplary embodiment
of the invention a nucleation element for reducing a min-
imum power necessary for generating cavitation in the
liquid sample is comprised by the apparatus and wherein
a droplet of the fountain falling back from the fountain
onto the liquid sample is the nucleation element.
[0025] An important aspect of all possible focusing
possibilities is that a fountain is created. Fountain drop-
lets returning from the fountain to the liquid sample may
induce a cavitation process within the liquid sample. The
droplets returning into the liquid may introduce small air
bubbles and/or air films which in turn may be the starting
point for a cavitation.
[0026] According to another exemplary embodiment
of the invention a control unit for controlling a focus po-
sition of the high intensity ultrasound waves is comprised
by the apparatus.
[0027] The control unit may for example position the
apparatus with respect to the cartridge and may therefore
control a three dimensional positioning system, which
may also be comprised by the apparatus. The positioning
system may also position the position of the cartridge.
Thereby an important aspect of the focus position is that
when cavitation within the liquid sample is required for
e.g. using cells, the focus position is placed at the liquid
air interface as described above.
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[0028] Thereby it shall explicitly be noted that the for-
mation of the fountain may be dependent on the geometry
of the focal spot of the used high intensity ultrasound
waves. It may also be dependent on the HIFU power.
[0029] Thereby the fountain is created by the HIFU
waves in such a way, that parts of the liquid sample are
pushed up or transported out of the liquid sample into
the volume of air above the liquid sample. In other words
the cartridge is adapted in such a way that it provides for
a minimum height of an air volume within the cartridge
above the liquid air interface wherein the minimum height
of the air volume allows a development of the fountain
reducing the power threshold.
[0030] According to another exemplary embodiment
of the invention the apparatus is adapted for lysing cells
within the liquid sample by the cavitation.
[0031] In other words by irradiating the liquid sample
with high intensity ultrasound waves a pretreatment also
lysing of the sample or components of the sample can
be done with one and the same apparatus and with one
and the same cartridge, thereby pretreating the liquid with
the high intensity ultrasound waves wherein pretreating
is accomplished with a method selected from the group
comprising mixing with the reagent, circulation, release
of a cell, pathogen and matrix of a swab, affection, incu-
bation of the liquid with a reagent at room temperature
or elevated temperature, shaking, mixing, steering, ex-
tracting and nucleic acid extracting, flow generation, liq-
uid homogenation, separating by centrifuging, and any
combination thereof. In other words between the two
steps of mixing and lysing an increase of power of the
source may be avoided by this exemplary embodiment
of the invention.
[0032] According to another exemplary embodiment
of the invention the receiving of the cartridge by the ap-
paratus provides for a complete dry coupling of the high
intensity ultrasound waves between the apparatus and
the cartridge when the cartridge is inserted into the re-
ceiving section. For example a receiving section may be
comprised in the apparatus to provide for such a dry cou-
pling.
[0033] In other words it may be possible to provide for
a propagation path for the HIFU waves that partially com-
prises liquid material and partially comprises solid state
materials. For example a flexible foil may be used to build
an interface medium between a liquid coupling medium
and the cartridge which may be made out of a polymer.
This exemplary embodiment of the invention combines
the advantage of a liquid coupler having low attenuation
acoustical properties and the elasticity of the foil being
adaptable to the shape of the polymer based cartridge
to achieve an efficient coupling of the HIFU waves to the
cartridge and sample. In addition to that the outer surface
of the apparatus is completely dry and the foil completely
envelopes the liquid. Therefore contamination risks may
be reduced. Furthermore, in case of a leakage of the
cartridge this leakage may be detected very fast as the
presence of liquid from the coupling medium can be ex-

cluded as it is enveloped.
[0034] According to another exemplary embodiment
of the invention the apparatus further comprises a full
solid coupler for at least partially transferring the high
intensity ultrasound waves from the source to the car-
tridge when the cartridge received by the apparatus. For
example the receiving section of the apparatus may re-
ceive the cartridge.
[0035] In other words this exemplary embodiment of
the invention makes it possible to completely use solid
state materials for transferring the HIFU waves from the
source to the sample. Therefore contamination risks of
liquid couplers and the sample is avoided, as any cou-
pling liquid is avoided. In case of a leaking cartridge it
can unambiguously be detected because no liquid for
coupling is present. This may be a facilitation of meas-
urements done with the apparatus. Furthermore this may
reduce the costs of the measurements done with the ap-
paratus.
[0036] According to another exemplary embodiment
of the invention the apparatus further comprises at least
one of: an extraction unit, a nucleic acid amplification
unit, a reagent storage unit, a detection unit for measuring
a physical parameter of the liquid sample wherein the
apparatus is adapted for analyzing the liquid sample
based on the detected physical parameter. According to
this embodiment the apparatus may comprise, for in-
stance: an extraction unit; an extraction unit and a nucleic
acid amplification unit; an extraction unit, a nucleic acid
amplification unit, and a detection unit. In each of these
options a reagent storage unit may be present in addition
to the elements of each option listed in the previous sen-
tence. The extraction unit allows a nucleic acid to be ob-
tained from a sample processed by the apparatus. The
nucleic acid amplification unit allows a nucleic acid ob-
tained from the sample to be amplified (using, for in-
stance, PCR). The reagent storage unit comprises a re-
agent needed for, for instance, extraction and/or ampli-
fication.
[0037] In other words this exemplary embodiment of
the invention is a complete sample-in answer-out system
in which a sample may be firstly pretreated, secondly a
lysis process step may be applied to the sample by the
apparatus and thirdly for example an optical measure-
ment may be done with the detection unit. In addition to
that a processing unit may process the data delivered by
the detection unit and may provide for measuring results
that may be output to a user.
[0038] Furthermore an excitation unit for exciting the
liquid sample for the analyzing step e.g. may be com-
prised by the apparatus; for example a laser, a mechan-
ical stirrer, or electrical components causing an electrical
current in the liquid sample.
[0039] Additionally the apparatus may have a lens for
focusing the HIFU waves. The lens may also be part of
the cartridge.
[0040] According to another exemplary embodiment
of the invention a system for irradiating a liquid sample
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with acoustic energy to generate cavitation in the liquid
sample is presented wherein the system comprises an
apparatus according to one of the before mentioned em-
bodiments and a cartridge for containing the liquid sam-
ple.
[0041] According to another exemplary embodiment
of the invention a method for irradiating a sample with
acoustic energy to generate cavitation in the liquid sam-
ple is presented. Thereby the method comprises the
steps providing for a source for emitting high intensity
ultrasound waves, providing for a cartridge containing
the liquid sample and a liquid air interface within the car-
tridge and focusing the emitted high intensity ultrasound
waves on the liquid air interface within the cartridge.
[0042] According to another exemplary embodiment
of the invention the method further comprises the steps
of creating a fountain of liquid within the cartridge and
inducing a cavitation process in the liquid sample by drop-
lets of the fountain.
[0043] In clear contrast to homogeneous cavitation
used in known technologies this method provides for het-
erogeneous HIFU induced cavitation with a reduced pow-
er threshold.
[0044] According to another exemplary embodiment
of the invention a computer program element is present-
ed wherein the element is characterized by being adapt-
ed when in use on a computer to cause the computer to
perform the steps emitting high intensity ultrasound
waves from a source and focusing the emitted high in-
tensity ultrasound waves on a liquid air interface within
a cartridge containing a liquid sample for inducing cavi-
tation within the liquid sample.
[0045] In another exemplary embodiment of the inven-
tion a computer readable medium is presented wherein
the computer readable medium has a computer program
element according to the before mentioned embodiment
stored on that.
[0046] According to a further embodiment of the inven-
tion a medium for making a computer program element
available for downloading, which computer program el-
ement is arranged to perform the method according to
one previously described embodiment of the invention.
[0047] According to another exemplary embodiment
of the invention a cartridge for an apparatus for irradiating
a liquid sample with acoustic energy to generate cavita-
tion in the liquid sample is presented, the cartridge com-
prising a chamber for containing the liquid and a nucle-
ation element fixed at the chamber.
[0048] It shall explicitly be noted, that this exemplary
embodiment may be realized independently from the fo-
cusing onto the liquid-air interface and may be realized
independently from the creation of a fountain. Thus this
protruding nucleation element, which may be e.g. a ce-
ramic rod or e.g. an alumina contrary to the fountain cre-
ation no air gap may be required for this exemplary em-
bodiment of the invention.
[0049] A rough surface of the nucleation element itself
may now be the source of small air-bubbles, which in

turn are acting as nucleation sites.
[0050] In other words the cartridge introduces cavita-
tion enhancing means into the liquid sample being con-
tained in the chamber. By introducing these cavitation
enhancing means in or near the focal zone a reduction
of the power threshold needed to induce cavitation may
be achieved by an order of magnitude. Thereby the focal
zone may not be into contact with the wall of a chamber.
It shall explicitly be noted, that the before mentioned ad-
vantages of the apparatus similarly pertain to this exem-
plary embodiment of the invention.
[0051] Thereby a material for the nucleation element
may be used having a specific rough surface character-
istic. Furthermore material may be used that resists the
HIFU wave power in or near the focal area sufficiently
long in order to meet a test done by an apparatus with
this cartridge. For example a ceramic rod or an element
out of aluminum may efficiently induce cavitation.
[0052] According to another exemplary embodiment
of the invention cartridge comprises a protrusion element
to fix the nucleation element at the cartridge.
[0053] It shall explicitly be noted, that this exemplary
embodiment may be realized independently from the fo-
cusing onto the liquid -air interface and may be realized
independently from the creation of a fountain.
[0054] Thereby the protrusion element may be any
kind of device that is adapted to fix or arrange a nucleation
element within the cartridge in such a way a fixed nucle-
ation element like for example a ceramic rod is positioned
at the focal position within the liquid sample. This may
be seen in figures 8 and 9 in a detailed manner.
[0055] According to another exemplary embodiment
of the invention a system for irradiating a liquid sample
with acoustic energy to generate cavitation in the liquid
sample is presented. The system comprises an appara-
tus wherein the apparatus comprises a source for emit-
ting high intensity ultrasound waves. Furthermore the ap-
paratus is adapted for receiving a cartridge. For example
the apparatus may comprise a receiving section. The
system further comprises a cartridge according to one of
the two before mentioned cartridge embodiments. There-
by the cartridge contains the liquid sample and the ap-
paratus focuses the high intensity ultrasound waves on
the nucleation element when the cartridge is received by
the apparatus.
[0056] According to another exemplary embodiment
of the present invention an apparatus for irradiating a
liquid sample with acoustic energy to generate cavitation
in the liquid sample is presented. The apparatus com-
prises a source for emitting high intensity ultrasound
waves. The apparatus is adapted for receiving a car-
tridge, the cartridge containing the liquid sample, and -
with the cartridge being received by the apparatus - the
apparatus is adapted for focusing the high intensity ul-
trasound waves on a nucleation element in the cartridge.
[0057] As also for these embodiments of the invention
the minimum power necessary for generating cavitation
in the liquid sample is reduced by inserting a nucleation
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element a partially dry coupling or also a complete dry
coupling using only solid state materials is possible with
such a system. Details and advantages of such a dry
coupling and a dry coupling completely using solid state
materials are also described above.
[0058] The described embodiments similarly pertain to
the apparatus, the system, the method, the computer pro-
gram element, the computer readable medium, and the
cartridge. Synergetic effects may arise from different
combinations of the embodiments although they might
not be described in detail.
[0059] Further on it shall be noted that all embodiments
of the present invention concerning a method might be
carried out with the order of the steps as described, nev-
ertheless this has not to be the only essential order of
the steps of the method all different orders of orders and
combinations of the method steps are herewith de-
scribed. The aspects defined above and further aspects,
features and advantages of the present invention can
also be derived from the examples of embodiments to
be described hereinafter and are explained with refer-
ence to examples of embodiments. The invention will be
described in more detail hereinafter with reference of ex-
amples of embodiments but to which the invention is not
limited.

BRIEF DESCRIPTION OF THE DRAWINGS:

[0060]

Fig. 1 schematically shows a system for irradiating
a liquid sample with acoustic energy to generate cav-
itation according to an exemplary embodiment of the
invention.
Fig. 2 schematically shows a system for irradiating
a liquid sample with acoustic energy to generate cav-
itation in the liquid sample according to another ex-
emplary embodiment of the invention.
Fig. 3 schematically shows a cartridge according to
another exemplary embodiment of the invention.
Fig. 4 schematically shows a frequency spectrum
obtained with a passive cavitation detector.
Fig. 5 schematically shows a diagram depicting HIFU
effect on candida albicans cells.
Fig. 6 schematically shows a system for irradiating
a liquid sample with acoustic energy to generate cav-
itation in the liquid sample according to another ex-
emplary embodiment of the invention.
Fig. 7 schematically shows a cartridge with a nucle-
ation element according to another exemplary em-
bodiment of the invention.
Fig. 8 schematically shows a cartridge with a nucle-
ation element according to another exemplary em-
bodiment of the invention.
Fig. 9 shows a flow diagram illustrating a method
according to another exemplary embodiment of the
invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS:

[0061] Similar or relating components in the several
figures are provided with the same reference numerals.
The view in the figure is schematic and not fully scaled.
[0062] Fig. 1 shows an apparatus 100 for irradiating a
liquid sample 101 with acoustic energy to generate cav-
itation in the liquid sample. The shown apparatus com-
prises a source 102 for emitting high intensity ultrasound
waves 103. Furthermore a receiving section 104 for re-
ceiving a cartridge 105 is shown. In this exemplary em-
bodiment of the invention the receiving section 104 is
embodied as a fixation element 127 at which the cartridge
105 can be fixed and subsequently be positioned in a
desired position. This position might be arranged in such
a way, that the apparatus focuses the high intensity ul-
trasound waves 103 on the liquid air interface 106 when
the cartridge is inserted into the receiving section.
It is clearly shown in Fig. 1, that the focus position 111
is positioned at the liquid air interface 106. By focusing
the acoustic energy onto the liquid air interface or suffi-
ciently close to the liquid air interface and by using suf-
ficiently high powers for the transducer 102 a fountain
108 of liquid is created by the HIFU waves. As shown in
Fig. 1 the fountain has been developed within the car-
tridge and above the liquid air interface. Droplets 109 of
the fountain falling back from the fountain onto the liquid
sample are nucleation elements 107 for reducing a min-
imum power necessary for generating cavitation in the
liquid. The fountain droplets 109 returning to the sample
are able to induce cavitation. The droplets 109 may in-
troduce small air bubbles and/or air films which in turn
are the starting point for a cavitation.
In other words this exemplary embodiment of the inven-
tion avoids to focus close to the cartridge wall 129 which
may avoid melting and/or degradation of the cartridge
material. But also the reduced power may avoid melting
and/or degradation of the cartridge material. Conse-
quently a polymer based cartridge which may be part of
a sample-in result-out consumable system is possible.
Furthermore as the minimum power necessary for gen-
erating cavitation is reduced mixing and lysing can be
subsequently done in one single cartridge without having
the need to substantially change the used power of the
source 102. In other words it may be avoidable to have
to use a glass container for the sample. That is because
heterogeneous cavitation is induced by HIFU via the
fountain in contrast to known technologies using homo-
geneous cavitation. The HIFU waves may for example
be in the MHz-range.
[0063] As the minimum power necessary for generat-
ing cavitation is reduced by this exemplary embodiment
of the invention smaller transducers may be used which
corresponds to a miniaturization possibility of the appa-
ratus. Thus the apparatus offers the possibility to transfer
the HIFU waves 103 across a dry interface 130 for ex-
ample being an acoustic window made out of an elastic
foil. Furthermore a possibility to use polymer based car-
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tridge materials within the system 113 comprising the
apparatus 100 and the cartridge 105 corresponds to a
cost reduction of measurements done with the system
113 and may correspond to an increased ecological com-
patibility as less energy may be needed for an average
measurement with the apparatus.
Furthermore a computer 115 is shown with a computer
program element 114 stored on the computer which com-
puter may be adapted to cause a focusing onto the liquid-
air interface 106 via the control unit 110. The control unit
may via leads 117 control the positioning system 128 in
order to match the focus position 111 with the liquid air
interface 106 in order to generate the fountain. Further-
more a detection unit 112 for measuring a physical pa-
rameter of the liquid sample is shown within the cartridge
105. The detection unit may for example be embodied
as a passive cavitation detector (PCD) which may be a
piezo transducer. Via leads 126 a processing unit 125
may analyze the liquid sample based on the detected
physical parameter.
Furthermore Fig. 1 shows a housing 121 for the source
102 for example in order to protect the source against a
liquid coupling fluid 119. Thus this exemplary embodi-
ment of the invention shows at least partially a wet cou-
pling of the HIFU waves from the source 102 to the car-
tridge 105. The housing may be fixed to the chamber 120
for the coupling medium 119 by screws 122. Neverthe-
less it may also be possible to generate the fountain with
an apparatus using complete dry coupling without any
liquid in the propagation path of the HIFU waves as de-
scribed above. 131 shows a plunger that may limit the
height above the liquid-air interface by moving the plung-
er along the direction 132. By moving the plunger from
a direct contact with the sample vertically up (upwards
direction in fig.1) the power threshold at which cavitation
in the sample sets in may decrease with increased dis-
tance of the plunger from the interface. In other words
cavitation may be a function of the air volume above the
liquid sample.
Possible technical equipment to which the invention shall
not be limited may be the following devices: PM5193:pro-
grammable synthesizer/function generator with a work-
ing range between 0.1mHz and 50 MHz. Amplifier: ENI
240L Power Amplifier 50 dB 20 kHz - 10 MHz or AR
worldwide KAA204 RF Power Amplifier 50 dB 0.5 - 100
MHz 200W; Tektronix TDS3014: Four Channel Color
Digital Phosphor Oscilloscope; Agilent 4395A: 10Hz-
500MHz / 10Hz-500MHz / 10kHz-500MHz Network /
Spectrum/ Impedance Analyzer; HiFu piezo transducer:
JR20/60 supplied by Dongfang Jinrong; Passive Cavita-
tion Detector (PCD) (piezo transducer): JR20/60,
JR15/30, JR12/30 supplied by Dongfang Jinrong.
Furthermore a modified 10 ml PP syringe may be used
for fountain based cavitation means. The syringe tip may
be removed and a 100 um PP foil may be laser-sealed
to the top side. The plunger may be used to adjust the
air volume above the liquid sample. The PCD may be
clamped with ultrasound gel (Aquaflex supplied by Park-

er Laboratries Inc) to the outside of the syringe-wall thus
constituting a possible protrusion element. The PCD is
used to investigate cavitation inside the syringe. A similar
setup may be used to demonstrate a fountain based cav-
itation across a dry interface. A similar setup may be used
to determine cavitation induced by a rough surface.
[0064] Fig. 2 shows another exemplary embodiment
of a system 113 for irradiating a liquid sample 101 with
acoustic energy to generate cavitation in the liquid sam-
ple wherein an apparatus 100 and the cartridge 105 for
containing the liquid sample are comprised in the system.
Furthermore the detection unit 112 is shown which is
placed in the liquid sample. Furthermore the fountain 108
creating falling back droplets 109 is shown. The source
102 is arranged in combination with the position of the
cartridge 105 and possibly with a lens (not shown) in such
a way that the focus position 111 is positioned at the
liquid air interface 106. The exemplary embodiment of
the invention shows a complete dry coupling of the HIFU
waves 103 through a full solid coupler 200. As the mini-
mum power necessary for generating cavitation is re-
duced by the fountain full solid state materials like for
example polymer based materials may be used as cou-
pling mediums as substantial heat creation or deforma-
tion in the materials transferring the HIFU energy is avoid-
ed.
[0065] Fig. 3 shows a cartridge 300 for an apparatus
301 for irradiating a sample with acoustic energy to gen-
erate cavitation in the liquid sample. The cartridge com-
prising a chamber 302 for containing the liquid sample
and a nucleation element 303 fixed at the chamber. The
nucleation element may for example be a ceramic ele-
ment like a ceramic rod or an element made out of alu-
minum. Thereby the surface roughness of the nucleation
element 303 may be adapted in such a way that cavitation
is induced at a reduced power level compared to setups
without such a nucleation element. Furthermore the ma-
terial to be used for the nucleation element is chosen in
such a way that it resists the HIFU wave power in or near
the focal spot 111 sufficiently long to complete a test done
with the system 701. The system 701 comprises the ap-
paratus 301 which itself comprises the source 702. Fur-
thermore a receiving section 705 comprised by the ap-
paratus is shown. Thereby the receiving section is em-
bodied as a fixation element 304 at which the cartridge
300 can be fixed in order to position it in such a way that
the apparatus focuses the HIFU waves on or close to the
nucleation element when the cartridge is inserted into
the receiving section.
[0066] Fig. 4 shows a frequency spectrum obtained
with a passive cavitation detector (PCD) that is inserted
in a cartridge in which cavitation is induced by a fountain
or a nucleation element as described above. The insert
404 shows a spectrum without cavitation. The x-coordi-
nate 401 displays the frequency in Hz wherein the y-
coordinate 402 displays in decibel a magnitude of the
measured power by the PCD relative to a specified ref-
erence level. Thereby insert 404 reflects only left part of
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spectrum 401. The sharp peaks in both 401 and 404 are
respectively the base frequency 405 at 1.7 MHz and the
overtone(s) 403. The broadband signal present in 401
evidenced the presence of cavitation.
[0067] Fig. 5 shows a diagram 500 wherein the x-co-
ordinate 501 displays a cavitation value which cavitation
value shall herewith defined as number of PCR cycles.
Furthermore the y-coordinate 502 displays the relative
fluorescent units (RFU) value. The curves 503, 504, 505,
and 506 show the effect of HIFU on candida albicans
cells. 503 shows PCR curves (duplicates) for untreated
cells, 506 shows cells treated with glass beads wherein
504 and 505 show results from cells exposed to heat. In
contrary to that 507 displays the result of cells exposed
to HIFU according to the present invention. Thus Fig. 5
discloses that compared to the present gold standard
heating has a six unit higher Ct value (defined below)
and lysis with the present invention has a six unit lower
Ct value wherein it shall explicitly be noted that a lower
Ct value has several advantages. In the following the
term CT value and the advantages of a lower Ct value
shall be described. The Ct value is the PCR-cycle-
number the detected signal passes a pre-set RFU-value.
Low Ct means that a low number of multiplication steps
are required to pass the threshold. In other words low Ct
value corresponds with high initial DNA concentration
and consequently with very effective lysis that is done in
case of the present invention with HIFU. In other words
the present invention may overcome the gold standard
with a factor of 2^6=64.
[0068] Fig. 6 shows another exemplary embodiment
of the invention in which a system 701 for irradiating a
liquid sample with acoustic energy to generate cavitation
in the liquid sample. The system comprises an apparatus
301 and a source 702 for emitting the HIFU waves 704.
The system further comprises a cartridge 300 wherein
the cartridge contains the liquid sample 101. The appa-
ratus 300 further comprises a receiving section 705 for
receiving the cartridge. The receiving section may there-
by be any element or part of the apparatus at which phys-
ical contact with the cartridge is established when insert-
ing the cartridge into the apparatus.
Thereby the apparatus 301 focuses the HIFU waves on
the nucleation element 303 when the cartridge is inserted
into the receiving section. Furthermore the cartridge com-
prises a chamber 302 for containing the liquid sample
and comprises a nucleation element 303 fixed at the
chamber. To fix the nucleation element adequately a pro-
trusion element 700 is comprised within the cartridge in
order to fix the nucleation element at the cartridge in.
Thereby the protrusion element may be embodied in this
and in any other embodiment of the invention by any
device being able to hold and fix the nucleation element
in such a way, that the nucleation element extends into
the liquid sample and the focus position 707 can be po-
sitioned at or close to the nucleation element 303. This
exemplary embodiment of the invention can be used in
a setup with complete dry coupling in which a full solid

coupler 706 which is comprised by the system 701. For
example polymer based materials may be used to couple
the HIFU waves from the source to the cartridge. In ad-
dition to that a dry interface 708 which may be embodied
as an acoustic window can be used with this exemplary
embodiment of the invention as an reduced minimum
power for cavitation can be realized and thus heating or
leakage of material of the cartridge can may be avoided.
[0069] Fig. 7 schematically shows an embodiment of
a cartridge 105 with at least one nucleation element 303
protruding from the ceiling 800. The protruding is realized
by the protrusion element 709 being embodied as a
clamp 710 clamping the nucleation element 303. The
ceiling may be part of the cartridge but may also be a
physically separated element. Dependent on the diam-
eter of the nucleation element and the diameter of the
focal spot or focal zone 111 of the source 102 the nucle-
ation element may be in line with the vertical axis of the
focal zone but may also be placed off-centered. The pro-
trusion element 709 of the cartridge realizes a vertical
fixation of the nucleation element. But also horizontal,
inclined, centered or uncentered fixations by the protru-
sion element are possible. It shall explicitly be noted that
this type of cavitation induction could be used independ-
ent from the focusing on the liquid-air interface and the
formation of a fountain.
[0070] Fig. 8 schematically shows another embodi-
ment of a cartridge 105 with at least one nucleation ele-
ment 303. The ceiling 800 has two side walls 900 and
901. In other words the cartridge comprises a protrusion
element 700 as a fixation element for the nucleation el-
ement 303. Thus the nucleation element protrudes hor-
izontally from the side-wall 901. Symbolically a source
102 emitting HIFU waves is shown. It shall again explicitly
be noted that this type of cavitation induction could be
used independent from the focusing on the liquid-air in-
terface and the formation of a fountain.
[0071] Fig. 9 shows a flow diagram of a method ac-
cording to an exemplary embodiment of the invention
wherein the method comprises the steps S1 providing
for a source for emitting high intensity ultrasound waves
and S2 providing for a cartridge containing the liquid sam-
ple and a liquid air interface within the cartridge. In a third
step S3 a focusing of the emitted high intensity ultrasound
waves on the liquid air interface within the cartridge is
done. By focusing the HIFU waves onto the liquid air
interface out of liquid from the liquid sample is generated
which causes droplets falling back into the sample and
reducing the power threshold at which cavitation sets in
within the liquid sample. Both figures 8 and 9 show car-
tridges with nucleation elements like e.g. a ceramic rod
or an aluminum nucleation element by which the power
threshold for cavitation in the sample within the chamber
302 may be reduced. A rough surface of theses nuclea-
tion element may be the source of small air-bubbles when
the HIFU waves are focused onto them, which bubbles
in turn may act as nucleation sites.
[0072] Other variations to the disclosed embodiments
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can be understood and effected by those skilled in the
art and practicing the claimed invention, from the study-
ing of the drawings, the disclosure, and the appendant
claims. In the claims the word comprising does not ex-
clude other elements or steps and the indefinite article
"a" or "an" does not exclude a plurality. A single processor
or other units may fulfill the function of several items or
steps recited in the claims. The mere effect that certain
measurements are recited in mutually different depend-
ent claims does not indicate that a combination of these
measures cannot be used to advantage. A computer pro-
gram may be stored/distributed on a suitable medium
such as an optical storage medium or a solid state me-
dium supplied together with or as part of other hardware,
but may also be distributed in other forms such as via
the internet or other wire or wireless telecommunication
systems. Any reference signs in the claims should not
be construed as limiting the scope of the claims.

Claims

1. Cartridge (300) for an apparatus (301) for irradiating
a liquid sample with acoustic energy to generate cav-
itation in the liquid sample, the cartridge comprising

• a chamber (302) for containing the liquid sam-
ple; and
• a nucleation element (303) fixed at the cham-
ber, said nucleation element having a rough sur-
face;

preferably wherein the surface roughness of the nu-
cleation element is adapted such to reduce a mini-
mum power configured to generate cavitation in the
liquid sample.

2. The cartridge according to claim 1, wherein at least
a portion of the nucleation element is located at or
near a focal zone of high intensity ultrasound waves
within the liquid sample.

3. The cartridge according to claim 1 or 2, further com-
prising a protrusion element (700) engageable with
the nucleation element.

4. The cartridge according to claim 3, wherein said pro-
trusion element includes a clamp for holding the nu-
cleation element.

5. The cartridge according to any one of claims 1-4,
wherein said cartridge further comprises a ceiling for
covering at least a portion of an opening to the cham-
ber of said cartridge and wherein the nucleation el-
ement is attached to said ceiling.

6. The cartridge according to claim 5, wherein said ceil-
ing includes a side wall, said nucleation element ex-

tending from the side wall.

7. The cartridge according to claims 4 and 5 or 6,
wherein the clamp is attached to the ceiling.

8. The cartridge according to any one of the preceding
claims, wherein said nucleation element extends
horizontally within said chamber or is fixed vertically
within said chamber.

9. The cartridge according to any one of the preceding
claims, wherein said nucleation element

• is comprised of a ceramic element, preferably
being ceramic rod, or
• is comprised of aluminium.

10. The cartridge according to any one of the preceding
claims, wherein

• said nucleation element is in line with a vertical
axis of a focal zone of high intensity ultrasound
waves, or
• is located offcenter from a vertical axis of a
focal zone of high intensity ultrasound waves.

11. System (701) for irradiating a liquid sample with
acoustic energy to generate cavitation in the liquid
sample, the system comprising:

• the cartridge (300) for containing the liquid
sample according to any of the preceding claims
• an apparatus (301) adapted for receiving a car-
tridge and comprising a source (702) for emitting
high intensity ultrasound waves (103).

12. The system according to claim 11, wherein the ap-
paratus (301) further comprises a full solid coupler
(200) for at least partially transferring the high inten-
sity ultrasound waves from the source to the car-
tridge when the cartridge is received by the appara-
tus.

13. The system according to claim 12, wherein the ap-
paratus (301) further comprises a control unit (110)
for controlling a focus position (111) of the high in-
tensity ultrasound waves.

14. The system according to any of the claims 12-13,
wherein the apparatus (301) further comprises a de-
tection unit for measuring a physical parameter of
the liquid sample, and is adapted for analyzing the
liquid sample based on the detected physical param-
eter.

15. Use of the cartridge according to any one of the
claims 1-11 or the system according to any one of
the claims 12-14 for irradiating a liquid sample.
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