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Description

FIELD OF THE INVENTION

[0001] The invention relates to the field of ultrasound
transducers, and in particular to ultrasound transducers
for selectively generating ultrasound waves and heat for
use in analysis and/or diagnostics.

BACKGROUND OF THE INVENTION

[0002] Since long, ultrasound is used in the field of
medical treatment. Recently, ultrasonic transducers, in
particular high intensity focused ultrasound transducers,
have been used for inducing lesions in tissue for thera-
peutic cancer treatment. Tissue lesion or tissue destruc-
tion is caused by cavitation effects of high intensity ultra-
sonic waves. This cavitation effect is linked to the forma-
tion of microscopic vapor bubbles in a region, where the
pressure of liquid falls below its vapor pressure. When
these bubbles collapse, energy is released leading to the
destruction of neighboring tissue.
[0003] US 5,601,526 describes a method and an ap-
paratus for performing therapy using ultrasound for tissue
disruption by means of cavitation and thermal effects.
This document is concerned with providing a solution al-
lowing a lesion in tissue to be treated, which is strictly
limited to the focus point of the treatment device, and
limiting or avoiding effects due to heat spreading around
the focus point, with cavitation phenomena being limited
exclusively to the focal point or to the focal region. For
this, two types of ultrasonic waves are employed, one
producing predominantly a thermal effect on the tissue,
the other producing predominantly a cavitation effect on
the tissue. Here, heating in the tissue occurs due to ab-
sorption of ultrasonic energy by frictional damping.
[0004] WO 2009/095894 A2 discloses an apparatus
and a method for treating adipose tissue located beneath
a patient’s skin. The apparatus includes a single sono-
trode and an ultrasound transducer operative to induce
longitudinal and/or transversal ultrasound vibrations in
at least a portion of the sonotrode. The apparatus pro-
vides a "cold" or "transverse" mode where ultrasound
energy delivered to the patient is primarily energy of
transverse ultrasound waves, and a "hot" or "longitudinal"
mode where ultrasound energy delivered to the patient
is primarily energy of longitudinal ultrasound waves. The
longitudinal waves may be useful for ’pre-heating’ tissue
of the patient before delivering the transverse waves.
[0005] Also in analysis and diagnostics, ultrasound is
more and more employed. For instance, the detection of
infectious pathogens for prevention, early diagnosis and
treatment of infectious diseases are based on the anal-
ysis of intracellular components, e.g. nucleic acids or
specific molecules, of viruses or cells in a sample. Thus,
one of the processing steps before analyzing the com-
ponents is cell-lysis (cell breaking). Cell-lysis can be in-
duced by means of high intensity focused ultrasound

waves that generate cavitations in the sample. Upon im-
plosion of these cavitations, enough energy is released
to destroy the membranes of bacteria, viruses and cells
and release their intracellular components.
[0006] Moreover, working with cells or small organisms
involves a thorough control of environmental conditions,
such as temperature. Temperature has wide influence,
for instance, on the metabolism and the reproduction cy-
cle of bacteria and cells. Hence, for most biological ap-
plications, temperature control is required. Yet, the space
for adding more components to an experimental setup,
such as heating means, is extremely limited, and in par-
ticular, since the trend is to minimize the sample volume
for saving material costs and for accelerating the proce-
dures. Therefore, a compact setup design is desirable.
[0007] However, when heating is performed due to ul-
trasonic energy absorption of a high intensity focused
ultrasonic beam, the sample may be unintentionally in-
fluenced or sensitive components in a sample, such as
membranes, may be damaged by local pressure and/or
temperature peaks in the sample. In particular, it may be
required to heat the sample before ultrasonic treatment
without exposing the sample to acoustic pressure waves
in order to get neat results. Thus, in diagnostics and anal-
ysis, it is often required to heat a sample without poten-
tially manipulating or damaging it. Therefore, ways for
gently heating a sample in a controlled way have to be
found, being at the same time cost saving, space saving,
easy to control and sufficiently fast.

SUMMARY OF THE INVENTION

[0008] Hence, it is an object of the invention to provide
heating means for an ultrasonic application setup, capa-
ble of heating a sample gently and fast and being cost
and space saving.
[0009] The object is solved by the features of the in-
dependent claims. The basic idea of the invention is
based on the finding that an ultrasound transducer can
be driven at several drive frequencies, whereof usually
only the lowest one efficiently generates ultrasonic
waves. At other frequencies, almost no ultrasonic inten-
sity is emitted; instead the transducer itself heats up.
Therefore, it is proposed to use an ultrasound transducer
for selectively providing ultrasound and heat to a sample.
For this, an ultrasound transducer is used that can be
operated at different frequencies. For ultrasound appli-
cation, the ultrasound transducer is operated at a main
frequency, at which ultrasonic waves are generated very
efficiently. For heating, the ultrasound transducer is op-
erated at an alternative frequency, at which the transduc-
er heats up.
[0010] Preferably, the main and alternative frequen-
cies are resonance frequencies of the ultrasound trans-
ducer or close to those. The frequency, at which ultra-
sonic waves are most efficiently generated, is the main
resonance frequency, while at other resonance frequen-
cies; much less ultrasonic energy is emitted. Using res-
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onance frequencies as driving frequencies, the supplied
electrical energy is most efficiently transformed by the
ultrasound transducer. However, it may not always be
advantageous to use the exact resonance frequency, but
rather a frequency close to it. The frequency, at which
the ultrasound transducer is driven, may be adjustable
by means of a control unit. It is then preferable that a
user interface is provided, so that a user can select cer-
tain frequencies and adjust also other experimental pa-
rameters, e.g. intensity of emitted ultrasound, set-point
temperature or heating rate.
[0011] In one exemplary embodiment, the main fre-
quency for generating ultrasonic waves is lower than at
least one of the alternative frequencies used for heating.
In particular, the main frequency may be the lowest res-
onance frequency of the ultrasound transducer. It is pre-
ferred that high intensity ultrasonic waves can be gener-
ated at the main frequency. In one embodiment, these
high intensity ultrasonic waves are capable of creating
cavitations in a sample or in a liquid medium. By means
of cavitations, lysis of cells, bacteria, virus capsules or
membrane compartments may be induced. Preferably,
the ultrasound transducer only generates ultrasound
waves of sufficiently high intensity, when it is driven at
the main frequency. Alternatively, the main frequency
may represent the frequency, at which the highest inten-
sity of ultrasonic waves is generated. In another example,
the ultrasound intensity emitted at at least one of the al-
ternative frequencies is much lower than the ultrasound
intensity emitted at the main frequency. By these means,
the alternative frequency can be used for heating without
employing stress by acoustic pressure waves.
[0012] In one embodiment, at least one of the alterna-
tive frequencies is more efficient with respect to heating
than the main frequency. Heat may be produced in the
ultrasound transducer due to electric power absorption
of the ultrasound transducer at one or more of the alter-
native resonance frequencies. Preferably, driving the ul-
trasound transducer at one of the alternative frequencies
can be adjusted for heating such that either no ultrasonic
waves are generated at all or at least none capable of
creating cavitation effects. The heating characteristics,
e.g. rate of temperature increase or maximum tempera-
ture, may vary among the alternative frequencies of the
ultrasound transducer. Therefore, preferably, an appro-
priate alternative frequency can be selected by a user
among the plurality of alternative frequencies, e.g. de-
pending on the maximum temperature to be reached or
on the desired rate of temperature increase. The heating
characteristics of the alternative frequencies may be
stored in some storing means and may be indicated to
the user.
[0013] In a further embodiment, the ultrasound trans-
ducer is capable of being driven simultaneously at at least
two frequencies or is capable of switching continuously
between frequencies. Thus, the ultrasound transducer
may be driven at the main as well as at one of the alter-
native frequencies, so that the sample may be heated,

while high intensity ultrasonic waves are induced. There-
fore, it is preferred that the main frequency and at least
one of the alternative frequencies suitable for heating are
drivable independently from each other. This is to say
that all parameters of driving the ultrasound transducer,
e.g. intensity, period, interval, amplitude, coordinates of
focus point etc., can be adjusted for each frequency sep-
arately. Possibly, this can be realized by using an ultra-
sound transducer having several separate piezoelectric
elements or the like.
[0014] In another embodiment of the invention, a sys-
tem for sample analysis is proposed. The system com-
prises at least one sample holder and at least one ultra-
sound transducer, wherein the ultrasound transducer
corresponds to any of the above-mentioned embodi-
ments. The ultrasound transducer is adapted to be heat-
conductively coupled to a sample inserted in the sample
holder. The system further comprises a control unit for
controlling the ultrasound transducer. The control unit is
adapted to control the ultrasound transducer at the main
frequency for generating ultrasound waves that are to be
coupled into the sample, and at one of the alternative
frequencies for generating heat in the ultrasound trans-
ducer due to electric power absorption of the ultrasound
transducer, wherein the heat is to be used for heating
the sample due to conduction of heat generated in the
ultrasound transducer. The sample analysis may include
DNA diagnostics, detection of infectious pathogens
and/or diagnosis and treatment of infectious diseases.
For this, the system may comprise all conventional com-
ponents for performing these tasks, for instance a micro-
controller or computer, display means, analysis means,
a control unit, a microscope and so on. Preferably, the
inventive system maybe incorporated in an existing set-
up, e.g. in a lab-on-a-chip system.
[0015] In a preferred embodiment, the system also
comprises temperature control and/or temperature sens-
ing means. Instead of temperature sensing means, how-
ever, also an ultrasound transducer maybe used that is
capable of measuring the sample temperature based on
sound velocity measurements. It may moreover be useful
to employ a feedback cycle for the temperature control.
In addition, the sample holder is preferably designed
such that it is able to provide good heat conduction be-
tween the ultrasound transducer and the sample. In this
regard, also heat conductive paste or the like may be
employed. At the same time, of course, good acoustic
coupling should be provided. By these means, it can be
ensured, that the generated ultrasonic waves as well as
the generated heat can be coupled into the sample with-
out considerable loss.
[0016] In a further embodiment of the invention, a
method for sample analysis is proposed. This method
comprises the steps of controlling an ultrasound trans-
ducer at a main frequency for efficiently generating ultra-
sonic waves and/or at one of at least one alternative fre-
quency for heating a sample. Preferably, this method is
used for operating an ultrasound transducer according

3 4 



EP 2 575 966 B1

4

5

10

15

20

25

30

35

40

45

50

55

to one of the above-described embodiments. The ultra-
sound transducer is adapted to be heat-conductively cou-
pled to a sample. The ultrasound transducer is operated
at the main frequency for generating ultrasound waves
that are to be coupled into the sample, and at one of the
alternative frequencies for generating heat in the ultra-
sound transducer due to electric power absorption of the
ultrasound transducer, wherein the heat is used for heat-
ing the sample due to conduction of heat generated in
the ultrasound transducer. In one embodiment, almost
no ultrasonic waves are produced, when driving the ul-
trasound transducer at at least one of the alternative fre-
quencies. Moreover, heating should be performable si-
multaneously to ultrasound wave generation. Thus, it
should be possible to drive the ultrasound transducer si-
multaneously at at least two different frequencies, i.e. at
the main frequency and one alternative frequency. In ad-
dition, it is preferred that the temperature of the sample
is controlled and/or monitored. Possibly, also a feedback
cycle for controlling the temperature of the sample is re-
alized.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] These and other aspects of the invention will be
apparent from and elucidated with reference to the em-
bodiments described hereinafter and illustrated by the
drawings.

Fig. 1A shows an exemplary impedance spectrum
of an exemplary ultrasound transducer;
Fig. 1B displays the ultrasound intensity emitted by
the ultrasound transducer in dependency on the driv-
ing frequencies; and
Fig. 2 is a schematic view of a system for sample
analysis according to the invention.

DETAILLED DESCRIPTION OF EMBODIMENTS

[0018] For enabling heating as well as treating with ul-
trasound, an ultrasound transducer is used that can be
driven at at least two different frequencies. One of these
frequencies should be adapted for the efficient genera-
tion of ultrasonic waves, whereas the other frequency
should result in heating up the ultrasound transducer,
almost without generation of ultrasonic waves. Various
types of ultrasonic transducers maybe employed, such
as piezoelectric ultrasound transducers or capacitive mi-
cro-machined ultrasound transducers. Preferably, high
intensity focused ultrasound transducers (HIFU-trans-
ducers) are employed that are able to focus the ultrasonic
beam to a small focal region in a sample. It is also pre-
ferred to use resonance frequencies for driving the ultra-
sound transducer, in order to ensure a favorable trans-
formation ratio of input electrical energy to output energy.
However, in some cases, it may be preferable to use
frequencies close to a resonance frequency, multitudes
of a resonance frequency or the like. Hence, instead of

resonance frequencies, also other driving frequencies
may be used.
[0019] Usually, an ultrasound transducer efficiently
generates ultrasonic waves only at its main resonance
frequency. At other alternative resonance frequencies,
much less or almost no ultrasonic waves are generated.
In fig. 1A, an exemplary impedance spectrum of an ul-
trasound transducer is shown. The ultrasound transduc-
er has several resonance frequencies, e.g. the main res-
onance frequency centered at about 1.7 MHz, and alter-
native resonance frequencies centered at about 2.17
MHz and 2.86 MHz (arrows). The main resonance fre-
quency is a fundamental vibration mode of a piezo-elec-
tric element of the ultrasound transducer. These alterna-
tive resonance frequencies can represent bending
modes of the piezo-electric element or higher harmonics.
At these frequencies, the ultrasound transducer heats up
quickly.
[0020] Around 1.9 MHz, the impedance increases and
fluctuates a lot, as shown in fig. 1A. This is due to the
method of measuring the impedance and a result of elec-
trical reflections and resonances. Due to the high imped-
ance, a lot of electric signal is reflected back to the am-
plifier resulting in this kind of artifacts in the measure-
ment.
[0021] At an impedance about 50 Ohm (dashed line),
all electrical equipment works optimal with no electrical
reflection. When the impedance of the ultrasound trans-
ducer is 50 Ohm (e.g. at 1.52 MHz), the ultrasound trans-
ducer does not heat up as fast as at resonance frequen-
cies, ’proving’ the heating is due to the resonance, not
due to electric power. The main resonance frequency at
1.7 MHz is at 50 Ohm as well.
[0022] Furthermore, fig. 1B shows an exemplary rela-
tion of emitted ultrasound intensity and driving frequency
of the ultrasound transducer. Thus, the ultrasound trans-
ducer predominantly emits ultrasound waves at its main
resonance frequency, in this example at 1.7 MHz. At all
other frequencies, much less ultrasonic intensity is emit-
ted, but the absorbed electrical energy is merely trans-
formed into heat in the ultrasound transducer.
[0023] According to the invention, the ultrasound trans-
ducer can be controlled to operate at an ultrasound gen-
erating main frequency and at a heat generating alterna-
tive frequency. Hence, the transducer may be selectively
used to apply acoustic pressure waves to the sample or
as a heating plate for heating the sample. Usually, the
main frequency is lower than most of the alternative fre-
quencies. If resonance frequencies are used, it may even
be the lowest resonance frequency. At the main frequen-
cy, the ultrasound transducer should be capable to pro-
duce high intensity ultrasonic waves for creating cavita-
tions, which induce bacteria or cell lysis in the sample.
In contrast, the ultrasound intensity generated by driving
the ultrasound transducer at one of the alternative fre-
quencies should be much lower and preferably insuffi-
cient for inducing cavitation effects.
[0024] The parameters of the ultrasound transducer
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may be adjustable. This may be performed by the user
via a user interface or pre-programmed by a control unit.
In particular, coordinates of a focus point, intensity, fre-
quency, amplitude, etc. maybe adjusted. Furthermore, it
may be selected to apply ultrasonic pulses, with adjust-
able pulse width, period and intervals. If the ultrasound
transducer is drivable in more than one alternative fre-
quency, the alternative frequencies may differ in their
heating characteristics with respect to ultrasound gener-
ation, heating velocity and achievable maximum temper-
ature. Therefore, the alternative frequencies should be
selectable according to the requirements of different ap-
plications.
[0025] In a preferred embodiment, the ultrasound
transducer can be driven at two different frequencies si-
multaneously and independently. Thus, heating and ul-
trasound generation can be performed at the same time.
For instance, this can be achieved with a transducer com-
prising at least two ultrasound-generating elements, e.g.
two piezoelectric elements. One of these elements may
be operable at least at the main frequency and capable
of generating ultrasound waves, while the other may be
operable at one or more alternative frequencies for gen-
erating heat. Preferably, the elements are adjustable in-
dependently from each other.
[0026] In fig. 2, an example of a system for sample
analysis is shown. The system comprises an ultrasound
transducer 10 and a sample holder 30 for holding a sam-
ple 20. The sample holder 30 is adapted to receive a
sample 20 comprised in a Petri dish, a test tube, a slide,
or the like. The ultrasound transducer 10 is arranged such
that ultrasonic waves as well as heat can efficiently be
coupled into the sample 20. In order to improve ultrasonic
or thermal conduction, heat conductive paste or ultra-
sound gel can be used.
[0027] In a preferred embodiment, the system further
comprises a control unit 40 and a temperature sensor
50. The temperature sensor 50 can be any kind of tem-
perature sensing means and is arranged close to or within
the sample 20. In order to further reduce the size of the
setup, the ultrasound transducer 10 may also be capable
of measuring the sample temperature. For instance, this
can be done by measuring the speed of sound in a liquid
sample, since the speed of sound in a fluid strongly de-
pends on the temperature of the fluid. The ultrasound
transducer 10 may additionally be used for analyzing,
e.g. for determining the density or consistency of the sam-
ple 20. Moreover, the system may be combined with a
microscope 60 in order to image the sample 20 using
fluorescence and/or reflected light microscopy.
[0028] Preferably, a sample 20 can be heated from
20°C room temperature to 95°C within less than two min-
utes. The heating process may be adjusted by controlling
heating cycles at at least one selected alternative fre-
quency, by adjusting intervals between heating cycles,
a cycle period or the intensity. Possibly, the transducer
10 can be simultaneously driven at several alternative
frequencies for heating, so that also the spectrum of driv-

ing frequencies can be adjusted. The heating process
may be controlled by the control unit 40 based on data
provided by the temperature sensor 50 for regulating the
sample temperature in a kind of feedback cycle.
[0029] The system may additionally comprise a com-
puter or microcontroller, display means, a memory for
storing setup data or measurement data, user interfaces
and the like. The system may also be integrated in a
general analysis or diagnostic system, for example in a
microscopic or other imaging setup, in a lab-on-a-chip
system or in a microfluidic system.
[0030] By using an ultrasound transducer not only for
generating ultrasound waves, but also for other functions,
in particular for heating, the setup of an analysis/diagno-
sis system and the number of setup components may be
reduced, thus reducing costs.

Claims

1. A method for sample analysis employing an ultra-
sound transducer (10) that is adapted to be heat-
conductively coupled to a sample (20), comprising:

controlling the ultrasound transducer (10) that
is capable of being operated at at least two fre-
quencies including a main frequency and at least
one alternative frequency, wherein the ultra-
sound transducer (10) is operated
at the main frequency for generating ultrasound
waves that are to be coupled into the sample
(20); and
at one of the alternative frequencies for gener-
ating heat in the ultrasound transducer (10) due
to electric power absorption of the ultrasound
transducer (10), wherein the heat is used for
heating the sample (20) due to conduction of
heat generated in the ultrasound transducer
(10).

2. The method of claim 1, wherein the main frequency
and the alternative frequency are resonance fre-
quencies of the ultrasound transducer (10).

3. The method of claim 1 or 2, wherein when driving
the ultrasound transducer (10) at at least one of the
alternative frequencies, less ultrasound intensity is
generated than when driving the ultrasound trans-
ducer (10) at the main frequency.

4. The method according to one of the preceding
claims, wherein the ultrasound intensity generated
when driving the ultrasound transducer (10) at at
least one of the alternative frequencies is not suffi-
cient for generating cavitations in the sample (20).

5. The method according to one of the preceding
claims, wherein high intensity ultrasound waves gen-
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erated at the main frequency are capable of creating
cavitations in the sample (20).

6. The method according to one of the preceding
claims, wherein at least one of the alternative fre-
quencies is more efficient in producing heat than the
main frequency.

7. The method according to one of the preceding
claims, wherein at least one of the alternative fre-
quencies adapted for heating is higher than the main
frequency.

8. The method according to one of the preceding
claims, wherein temperature of the sample (20) is
monitored and/or controlled.

9. The method according to one of the preceding
claims, wherein the ultrasound transducer (10) is ca-
pable of being operated simultaneously and/or alter-
nating in the main frequency and in at least one of
the alternative frequencies.

10. The method according to one of the preceding
claims, wherein the sample (20) is inserted in a sam-
ple holder (30) and the ultrasound transducer (10)
is adapted to be heat-conductively coupled to the
sample (20) inserted in the sample holder (30).

11. A system for sample analysis, comprising:

at least one sample holder (30);
at least one ultrasound transducer (10) that is
adapted to be heat-conductively coupled to a
sample (20) inserted in the sample holder (30);
and
a control unit (40) for controlling the ultrasound
transducer (10) that is capable of being operated
at at least two frequencies including a main fre-
quency and at least one alternative frequency,
wherein the control unit (40) is adapted to control
the ultrasound transducer (10)
at the main frequency for generating ultrasound
waves that are to be coupled into the sample
(20); and
at one of the alternative frequencies for gener-
ating heat in the ultrasound transducer (10) due
to electric power absorption of the ultrasound
transducer (10), wherein the heat is to be used
for heating the sample (20) due to conduction
of heat generated in the ultrasound transducer
(10).

12. The system of claim 11, wherein the ultrasound
transducer (10) is capable of inducing bacteria
and/or cell lysis in a sample (20), when driven at the
main frequency, and of heating the sample (20) due
to conduction of heat generated in the ultrasound

transducer (10), when driven at the alternative fre-
quency.

13. The system of claim 11 or 12, wherein the ultrasound
transducer (10) is capable of being driven simulta-
neously and/or alternating at at least two frequen-
cies.

14. The system of claims 11-13, wherein the ultrasound
transducer (10) comprises at least two elements,
whereof one is operable at the main frequency for
generating ultrasound waves and the other is oper-
able at at least one of the alternative frequencies for
generating heat in the ultrasound transducer (10).

Patentansprüche

1. Ein Verfahren zur Probenanalyse, unter Verwen-
dung eines Ultraschallwandlers (10), der als wärme-
leitfähig gekoppelt an eine Probe (20) adaptiert ist,
und Folgendes aufweist:

Steuerung des Ultraschallwandlers (10), der mit
mindestens zwei Frequenzen betrieben werden
kann, einschließlich einer Hauptfrequenz und
mindestens einer Alternativfrequenz,
wobei der Ultraschallwandler (10) mit der Haupt-
frequenz zur Erzeugung von Ultraschallwellen,
die in die Probe (20) einzukoppeln sind, betrie-
ben wird; und
mit einer der Alternativfrequenzen für die Erzeu-
gung von Wärme im Ultraschallwandler (10),
durch elektrische Energieaufnahme des Ultra-
schallwandlers (10), wobei die Wärme zum Er-
hitzen der Probe (20) durch die Leitung der im
Ultraschallwandler (10) erzeugten Wärme ver-
wendet wird, betrieben wird.

2. Verfahren nach Anspruch 1, wobei die Hauptfre-
quenz und die Alternativfrequenz Resonanzfre-
quenzen des Ultraschallwandlers (10) sind.

3. Verfahren nach Anspruch 1 oder 2, wobei beim Be-
trieb des Ultraschallwandlers (10) mit mindestens ei-
ner der Alternativfrequenzen, weniger Ultraschallin-
tensität erzeugt wird, als beim Betrieb des Ultra-
schallwandlers (10) mit der Hauptfrequenz.

4. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei die im Betrieb des Ultraschallwandlers
(10) mit mindestens einer der Alternativfrequenzen
erzeugte Ultraschallintensität für die Erzeugung von
Kavitationen in der Probe (20) nicht ausreichend ist.

5. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei die mit der Hauptfrequenz erzeugten
hochintensiven Ultraschallwellen Kavitationen in der
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Probe (20) erzeugen können.

6. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei mindestens eine der Alternativfrequen-
zen effizienter in der Erzeugung von Wärme ist als
die Hauptfrequenz.

7. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei mindestens eine der Alternativfrequen-
zen, die für das Erhitzen adaptiert ist, höher ist als
die Hauptfrequenz.

8. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei die Temperatur der Probe (20) überwacht
und/oder kontrolliert wird.

9. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei der Ultraschallwandler (10) simultan
und/oder alternierend mit der Hauptfrequenz und mit
mindestens einer der Alternativfrequenzen betrie-
ben werden kann.

10. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei die Probe (20) in einen Probenhalter (30)
gesetzt wird und der Ultraschallwandler (10) als wär-
meleitfähig gekoppelt an die in den Probenhalter (30)
gesetzte Probe (20) adaptiert ist.

11. Ein System zur Probenanalyse, das Folgendes um-
fasst:

mindestens einen Probenhalter (30);
mindestens einen Ultraschallwandler (10), der
als wärmeleitfähig gekoppelt an die in den Pro-
benhalter (30) gesetzte Probe (20) adaptiert ist;
und
eine Kontrolleinheit (40) zur Kontrolle des Ultra-
schallwandlers (10), der mit mindestens zwei
Frequenzen betrieben werden kann,
einschließlich einer Hauptfrequenz und mindes-
tens einer Alternativfrequenz, wobei die Kontrol-
leinheit (40) für die Kontrolle des Ultraschall-
wandlers (10) adaptiert ist
mit der Hauptfrequenz zur Erzeugung von Ul-
traschallwellen, die in die Probe (20) eingekop-
pelt werden; und
mit einer der Alternativfrequenzen zur Erzeu-
gung von Wärme im Ultraschallwandler (10)
durch elektrische Energieaufnahme des Ultra-
schallwandlers (10), wobei die Wärme zum Er-
hitzen der Probe (20) durch die Leitung der im
Ultraschallwandler (10) erzeugten Wärme ver-
wendet wird.

12. Das System nach Anspruch 11, wobei der Ultra-
schallwandler (10) Bakterien und/oder Zelllyse in ei-
ne Probe (20), wenn im Betrieb mit der Hauptfre-
quenz, induzieren und die Probe (20) durch die im

Ultraschallwandler (10) erzeugte Wärmeleitung,
wenn im Betrieb mit der Alternativfrequenz, erhitzen
kann.

13. Das System nach Anspruch 11 oder 12, wobei der
Ultraschallwandler (10) simultan und/oder alternie-
rend mit mindestens zwei Frequenzen betrieben
werden kann.

14. Das System nach den Ansprüchen 11-13, wobei der
Ultraschallwandler (10) mindestens zwei Elemente
aufweist, von denen eines mit der Hauptfrequenz
betrieben werden kann, um Ultraschallwellen zu er-
zeugen, und das andere mit mindestens einer der
Alternativfrequenzen betrieben werden kann, um
Wärme im Ultraschallwandler (10) zu erzeugen.

Revendications

1. Procédé pour analyse d’échantillon en utilisant un
transducteur ultrasonore (10) qui est adapté pour
être couplé de façon conductrice de chaleur à un
échantillon (20), comprenant :

la commande du transducteur ultrasonore (10)
qui est capable d’être mis en fonctionnement à
au moins deux fréquences incluant une fréquen-
ce principale et au moins une fréquence alter-
native,
dans lequel le transducteur ultrasonore (10) est
mis en fonctionnement à la fréquence principale
pour générer des ondes ultrasonores qui sont
destinées à être couplées dans l’échantillon
(20) ; et
à une des fréquences alternatives pour générer
de la chaleur dans le transducteur ultrasonore
(10) en raison de l’absorption d’énergie électri-
que du transducteur ultrasonore (10), dans le-
quel la chaleur est utilisée pour chauffer l’échan-
tillon (20) en raison de la conduction de chaleur
générée dans le transducteur ultrasonore (10).

2. Procédé selon la revendication 1, dans lequel la fré-
quence principale et la fréquence alternative sont
des fréquences de résonance du transducteur ultra-
sonore (10).

3. Procédé selon la revendication 1 ou 2, dans lequel,
lors de l’excitation du transducteur ultrasonore (10)
à au moins une des fréquences alternatives, moins
d’intensité ultrasonore est générée que lors de l’ex-
citation du transducteur ultrasonore (10) à la fré-
quence principale.

4. Procédé selon l’une des revendications précéden-
tes, dans lequel l’intensité ultrasonore générée lors
de l’excitation du transducteur ultrasonore (10) à au

11 12 



EP 2 575 966 B1

8

5

10

15

20

25

30

35

40

45

50

55

moins une des fréquences alternatives n’est pas suf-
fisante pour générer des cavitations dans l’échan-
tillon (20).

5. Procédé selon l’une des revendications précéden-
tes, dans lequel des ondes ultrasonores de haute
intensité générées à la fréquence principale sont ca-
pables de créer des cavitations dans l’échantillon
(20).

6. Procédé selon l’une des revendications précéden-
tes, dans lequel au moins une des fréquences alter-
natives est plus efficace dans la production de cha-
leur que la fréquence principale.

7. Procédé selon l’une des revendications précéden-
tes, dans lequel au moins une des fréquences alter-
natives adaptées pour chauffer est plus élevée que
la fréquence principale.

8. Procédé selon l’une des revendications précéden-
tes, dans lequel la température de l’échantillon (20)
est surveillée et/ou contrôlée.

9. Procédé selon l’une des revendications précéden-
tes, dans lequel le transducteur ultrasonore (10) est
capable d’être mis en fonctionnement simultané-
ment et/ou en alternance dans la fréquence princi-
pale et dans au moins une des fréquences alterna-
tives.

10. Procédé selon l’une des revendications précéden-
tes, dans lequel l’échantillon (20) est inséré dans un
organe de retenue d’échantillon (30) et le transduc-
teur ultrasonore (10) est adapté pour être couplé de
façon conductrice de chaleur à l’échantillon (20) in-
séré dans l’organe de retenue d’échantillon (30).

11. Système pour analyse d’échantillon, comprenant :

au moins un organe de retenue d’échantillon
(30) ;
au moins un transducteur ultrasonore (10) qui
est adapté pour être couplé de façon conductri-
ce de chaleur à un échantillon (20) inséré dans
l’organe de retenue d’échantillon (30) ; et
une unité de commande (40) pour commander
le transducteur ultrasonore (10) qui est capable
d’être mis en fonctionnement à au moins deux
fréquences incluant une fréquence principale et
au moins une fréquence alternative, dans lequel
l’unité de commande (40) est adaptée pour com-
mander le transducteur ultrasonore (10)
à la fréquence principale pour générer des on-
des ultrasonores qui sont destinées à être cou-
plées dans l’échantillon (20) ; et
à une des fréquences alternatives pour générer
de la chaleur dans le transducteur ultrasonore

(10) en raison d’absorption d’énergie électrique
du transducteur ultrasonore (10), dans lequel la
chaleur est destinée à être utilisée pour chauffer
l’échantillon (20) en raison de conduction de
chaleur générée dans le transducteur ultraso-
nore (10).

12. Système selon la revendication 11, dans lequel le
transducteur ultrasonore (10) est capable d’entraî-
ner la lyse de bactérie et/ou de cellule dans un
échantillon (20), lorsqu’il est excité à la fréquence
principale, et de chauffer l’échantillon (20) en raison
de conduction de chaleur générée dans le transduc-
teur ultrasonore (10), lorsqu’il est excité à la fréquen-
ce alternative.

13. Système selon la revendication 11 ou 12, dans le-
quel le transducteur ultrasonore (10) est capable
d’être excité simultanément et/ou en alternance à au
moins deux fréquences.

14. Système selon les revendications 11 à 13, dans le-
quel le transducteur ultrasonore (10) comprend au
moins deux éléments, dont un peut être mis en fonc-
tionnement à la fréquence principale pour générer
des ondes ultrasonores et l’autre peut être mis en
fonctionnement à au moins une des fréquences al-
ternatives pour générer de la chaleur dans le trans-
ducteur ultrasonore (10).
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