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ULTRASOUND TRANDUCER ASSEMBLY
AND METHOD FOR DRIVING AN
ULTRASOUND TRANSDUCER HEAD

FIELD OF THE INVENTION

[0001] The present invention relates to an ultrasound trans-
ducer assembly and to a method for driving an ultrasound
transducer head.

BACKGROUND OF THE INVENTION

[0002] In the field of ultrasound imaging of shear waves it
is known to use ultrasound excitations of two different energy
levels as described in U.S. Pat. No. 7,252,004. A first high
energy excitation called a “push pulse” is used to excite
movement in the tissue. A seties of subsequent low energy
excitations is used to form an image of the resulting tissue
motion. Image guided ultrasound therapy also requires exci-
tations of two different energy levels, one for therapy and the
other for imaging. It is desirable to perform shear wave imag-
ing or therapy employing transducers for three dimensional
imaging as described in U.S. Pat. No. 6,013,032. These trans-
ducers for 3D imaging have transmit excitation circuitry
imbedded within the transducer assembly. Ultrasound imag-
ing systems are known to have a base station and a separate
transducer head connected via a flexible cable to the base
station. Electrical energy is provided from the base station
through the connection cable to the transmit excitation cir-
cuitry within the transducer head to drive the ultrasound
transducer.

[0003] Different ultrasound transducer excitation are
known for different applications, e.g. forimaging, diagnostic,
therapy and shear wave push pulse having different power
consumptions. Due to the technical limitations of the power
supply and the connection cable, the power spectrum pro-
vided to the transducer head is low and, therefore, the possible
combination of different ultrasound transducer excitation
within the transducer head is limited to the respective power
consumption.

SUMMARY OF THE INVENTION

[0004] It is an object of the present invention to provide an
improved ultrasound transducer assembly comprising an
ultrasound transducer head and a corresponding driving
method for driving an ultrasound transducer head having a
large power spectrum to drive different ultrasound transducer
excitation with different power consumption.

[0005] According to one aspect of the present invention an
ultrasound transducer assembly is provided comprising:

[0006] an ultrasound transducer head,

[0007] an electrical conductor for connecting the con-
ductor head to an electrical power supply of the base
station and for transmitting electrical power from the
power supply to the transducer head,

[0008] a connector element for connecting the electrical
conductor to the power supply and for receiving an input
voltage from the power supply, and

[0009] a capacitor electrically connected or electrically
connectable to the electrical conductor for storing elec-
trical charge, wherein the capacitor has a capacitance
larger than or equal to 100 pF.

[0010] According to another aspect of the present inven-
tion, an ultrasound transducer assembly is provided compris-
ing:
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[0011] an ultrasound transducer head,

[0012] an electrical conductor for connecting the trans-
ducer head to an electrical power supply of a base station
and for transmitting electrical power from the power
supply to the transducer head,

[0013] a connector element for connecting the electrical
conductor to the power supply and for receiving an input
voltage from the power supply, wherein the electrical
conductor comprises a plurality of separate parallel con-
nection cables for reducing the electrical resistance and
the inductance of the electrical conductor.

[0014] According to another aspect of the present inven-
tion, a driving method for driving an ultrasound transducer
head is provided comprising the steps of:

[0015] connecting the transducer head to a power supply
by means of an electrical conductor,

[0016] connecting a charge capacitor to the electrical
conductor having a capacitance larger than or equal to
100 pF,

[0017] providing electrical power from the power supply
to the ultrasound transducer head as a first power level,
and

[0018] providing electrical power from the power supply

to the ultrasound transducer head at a second power level

higher than a first power level.
[0019] According to still another aspect of the present
invention an ultrasound apparatus is provided comprising a
base station comprising one or more power supply units and
an ultrasound transducer assembly as provided according to
the present invention.
[0020] Preferred embodiments of the invention are defined
in the dependent claims. It shall be understood that the
claimed method has similar and/or identical preferred
embodiments as the claimed device and as defined in the
dependent claims.
[0021] The present invention is based on the idea to provide
adequate power to an ultrasound transducer head comprising
different ultrasound transducer excitations having different
power consumptions such that the electrical power provided
from the power supply to the transducer head has to be
switched from one power level to another power level. When
switching from the lower power level to the higher power
level, the supply voltage drops down and the electrical current
in an electrical conductor increases above a current rating of
the cable connector pins. By means of the charge capacitor
having a capacitance larger than 100 pF the switching
between the different power levels can be achieved without a
significant voltage drop and without a significant increase of
the current since the capacitor is slowly charged by means of
the supply voltage before the power level is increased. Hence,
an increased power distribution can be provided to the trans-
ducer head and, therefore, different ultrasound transducers
can be integrated in the transducer head having different
power consumptions.
[0022] According to the second aspect of the present inven-
tion, the voltage drop and the increase of the current during
switching the lower power level to the higher power level is
reduced by providing a connection cable having a reduced
resistance and a reduced inductance, preferably by the factor
of 4 by means of a plurality of separate parallel connection
cables. Hence, the power distribution can be increased and
different ultrasound transducers having a different power
consumption can be integrated in the transducer head.
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[0023] In general the present invention can provide
adequate power to the transducer head with sufficiently high
power to excite e.g. either a push pulse or a therapeutic
excitation with minimum power supply droop while main-
taining compatibility with a standard imaging ultrasound sys-
tem designed for lower powers.

[0024] In a preferred embodiment, the ultrasound trans-
ducer assembly further comprises a controllable switch for
electrically connecting the capacitor to the electrical conduc-
tor. This provides a possibility to use the capacitor only if an
increased power distribution is required.

[0025] 1In a further embodiment the ultrasound transducer
assembly further comprises a discharging element connected
in parallel to the capacitor for discharging the capacitor. By
means of the discharging element the charge stored in the
capacitor can be removed when the capacitor is notused or the
transducer is unplugged from the base station to avoid elec-
trical shocks.

[0026] In a further embodiment, the discharging element
comprises a second controllable switch and a resistor for
discharging the capacitor. This provides a simple solution for
discharging the capacitor and for limiting the respective dis-
charging current.

[0027] Inapreferred embodiment, the discharging element
is provided for discharging the capacitor, when the capacitor
is disconnected from the electrical conductor. This is a simple
solution to ensure that the capacitor is discharged when the
capacitor is not in use.

[0028] In a further preferred embodiment, the ultrasound
transducer assembly further comprises a resistor electrically
connecting the capacitor to the connector element for limiting
the charge current. This is a simple solution to limit the charge
current when the capacitor is charged to avoid an increase of
the charge current above the current rating.

[0029] In a further embodiment, the electrical conductor
comprises a plurality of parallel connection cables for con-
necting the capacitor to the transducer. This is a simple solu-
tion to reduce the resistance of the electrical conductor and to
reduce the inductance of the electrical conductor to further
reduce the voltage drop when the power level is increased.
[0030] Inapreferred embodiment, the capacitor is mounted
within the housing of the transducer head. This is a simple
solution to reduce the size of the electrical conductor and
provides a compact configuration of the ultrasound trans-
ducer assembly.

[0031] In a further preferred embodiment, the capacitor is
mounted within a handle of the transducer head. This pro-
vides a further compact design and a comfortable handling of
the transducer head.

[0032] In a further preferred embodiment, the capacitance
of the capacitor is at least 500 uF. This is a solution to further
decrease the voltage drop and to further reduce the current
increase when the power level is changed.

[0033] According to a further embodiment, the ultrasound
transducer head comprises an ultrasound transducer for shear
wave elastography imaging. This combines two diagnostic
systems and improves the examination possibilities.

[0034] According to a further embodiment, the electrical
conductor is provided for transmitting electrical power at at
least two different power levels for providing electrical power
to the ultrasound transducer. This provides a solution to pro-
vide electrical power to the imaging transducer at different
levels and to further improve the examination possibilities.
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[0035] According to a further embodiment, the ultrasound
transducer assembly comprises a plurality of electrical con-
ductors for connecting the transducer head to a corresponding
plurality of electrical power supplies of a base station and for
transmitting electrical power from the power supplies to the
transducer head at different power levels. This provides a
further solution to increase the power distribution in the trans-
ducer head and to use different transducers in parallel.
[0036] According to a preferred embodiment each of the
plurality of electric conductors are connected or connectable
to a capacitor having a capacitance larger than 100 pF. This
provides a solution to increase the power distribution in each
of the conductors separately.

[0037] As mentioned above, the present invention provides
a simple solution to increase a power distribution of an ultra-
sound transducer assembly having an ultrasound transducer
head so that different transducers can be integrated in the
transducer head having different power consumptions or dif-
ferent excitation levels can be achieved by a combined trans-
ducer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] These and other aspects of the invention will be
apparent from and elucidated with reference to the embodi-
ment(s) described hereinafter. In the following drawings
[0039] FIG. 1 shows a schematic diagram of an ultrasound
system comprising a base station and a transducer head,
[0040] FIG. 2 shows a schematic circuit diagram of a
known power supply and an ultrasound transducer,

[0041] FIG. 3a shows a voltage curve of the power supply
shown in FIG. 2,

[0042] FIG. 35 shows a current curve of the power supply
shown in FIG. 2,

[0043] FIG. 4 shows a schematic block diagram of a power
supply, a connector, and an ultrasound transducer according
to the present invention,

[0044] FIG. 5a shows a voltage curve of the power supply
of FIG. 4, and

[0045] FIG. 5b shows a current of the power supply of FIG.
4.

DETAILED DESCRIPTION OF THE INVENTION

[0046] FIG. 1 shows a schematic diagram of an ultrasound
system generally denoted by 10. The ultrasound system 10
comprises a base station 12 and an ultrasound transducer head
14 which are electrically connected to each other by a trans-
ducer cable 16. The base station 12 comprises a display 18.
The base station comprises a power supply 20 for providing
electrical power to the ultrasound transducer head 14 and a
connector 22 for connecting the transducer cable 16 to the
power supply 20.

[0047] The transducer head 14 comprises one or more
ultrasound transducers, e.g. an ultrasound imaging trans-
ducer, an elastography ultrasound transducer, a combined
transducer for shear wave elastography imaging and/or other
therapy transducer elements. The power supply 20 provides
electrical power via the transducer cable 16 to the ultrasound
transducer in the ultrasound transducer head 14. The trans-
ducer cable 16 is a flexible cable. The base station 12 com-
prises the display 18 to display images e.g. provided by an
ultrasound imaging transducer of the transducer head 14.
[0048] The ultrasound imaging transducer and other
therapy and/or diagnostic transducer elements like an elas-
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tography ultrasound transducer are driven at different electri-
cal power levels provided by the electrical power supply 20.
The ultrasound imaging transducers usually need less than 10
W and for example an elastography ultrasound transducer
needs typically 200 W to be driven during a “push” excitation.
The ultrasound transducer head 14 preferably switches
between driving the ultrasound imaging transducer and the
elastography ultrasound transducer so that the electrical
power provided from the electrical power supply 20 through
the transducer cable 16 or drawn from the transducer head 14
switches from a low power level during imaging to a high
power level when a push pulse is provided by the elastogra-
phy transducer and from a high power level to a low power
level. In case of a combined transducer for shear wave elas-
tography imaging, the transducer is driven at two different
power level for the different excitations during imaging and
when a push pulse is provided.

[0049] FIG. 2 shows a schematic block diagram of the
power supply 20, the transducer cable 16 and the transducer
head 14. The power supply 20 provides a drive voltage V10 to
a connector pin 24. The connector pin 24 connects the power
supply 20 to the transducer cable 16. The transducer cable 16
comprises a resistance of approximately 2 Ohm schemati-
cally shown in FIG. 2 as aresistor 26. The transducer cable 16
comprises an inductance of approximately 4 pH generally
shown in FIG. 2 as inductance 27. The transducer head 14
comprises an electrical load generally denoted by 28 which
represents the ultrasound transducers. A capacitor 30 is con-
nected in parallel to the electrical load 28 and has typically a
capacitance of 4 pF.

[0050] The electrical load 28 draws a current 110 from the
power supply 20 depending on the electrical power drawn by
the respective ultrasound transducer. If the ultrasound system
10 is in an imaging mode, i.e. the ultrasound imaging trans-
ducer is in use, the current 110 drawn from the power supply
20 is typically 20 mA and if the elastography ultrasound
transducer is in use, the current 110 drawn from the power
supply 20 is typically 5 A. During the use of the ultrasound
system it is frequently switched from the imaging mode to the
elastography mode and from the elastography mode to the
imaging mode. Each time frame in which the imaging mode
is in use is typically five times longer than the elastography
mode.

[0051] FIGS. 3a and 35 show a voltage curve of the supply
voltage V10 and the current 110 when the ultrasound system
10 is switched from the imaging mode to the elastography
mode or in other words when the electrical power drawn from
the electrical load 28 is rapidly increased from approximately
1 W to approximately 200 W. The switching time of the power
levels is shown in FIGS. 3a and 3b by an arrow 32. As shown
in FIG. 3a, the voltage V10 drops rapidly from 40 V to 30 V
when the power drawn by the electrical load 28 is increased.
As shown in FIG. 34, the current [10 increases rapidly to 5 A
when the power drawn by the electrical load 28 is increased.
Since the connector pin 24 typically has a current rating of 1
A and since the cable has a resistance of 2 Ohm, the power
transmitted by the transducer cable 16 is limited and the
electrical power drawn from the electrical load cannot be
transmitted by the transducer cable 16.

[0052] FIG. 4 shows a schematic block diagram of the
ultrasound system 10 comprising the power supply 20, the
transducer cable 16 and the transducer head 14. Identical
elements are denoted by identical reference numerals,
wherein here just the differences are explained in detail. The
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power supply 20 provides a drive voltage V20, which is
typically 40 V and provides a drive current 120, which is
dependent on the electrical load 28 and the current drawn
from the electrical load 28.

[0053] A charge capacitor 34 is connected to the transducer
cable 16. The charge capacitor 34 has a large capacitance of at
least 100 pF, preferably 500 pF and more preferred 1000 pF.
The charge capacitor 34 is connectable to the transducer cable
16 by means of a controllable switch 36. A discharge element
38 is connected in parallel to the charge capacitor 34 to
discharge the capacitor 34. The discharge element 38 com-
prises a controllable switch 40 and a resistor 42 connected in
series to each other. The charge capacitor 34 is connected to
the cable 16 by means of the controllable switch 36 when the
ultrasound system 10 is in use. When the ultrasound system
10 is switched off, the charge capacitor 34 is disconnected and
discharged by closing the controllable switch 40. A discharge
current through the resistor 42 will in this case remove the
electrical charge from the charge capacitor 34 and will dis-
charge the capacitor 34.

[0054] The transducer cable 16 comprises a resistor 44
connected between the charge capacitor 34 and the power
supply 20. The resistor 44 has a resistance of typically 1.5
Ohm. The resistor 34 is a current limiting resistor to limit the
charge current when the charge capacitor 34 is charged.

[0055] The transducer cable 16 is formed of a plurality of
parallel separate flexible cables. Preferably the transducer
cable 16 is formed by three, four, five, six or more cables to
reduce the resistance of the transducer cable 16 by the factor
ofthree, four, five, six or more and to reduce the inductance of
the transducer cable 16. The resistance of the parallel cables
1s generally shown in FIG. 4 by a resistor 46. The resistor 46
has a resistance of typically 0.5 Ohm. The inductance of the
parallel cables is generally shown in FIG. 4 by an inductor 48
which is approximately 1 pH.

[0056] When the ultrasound system 10 is switched on and
the controllable switch 36 is closed, the charge capacitor 34 is
charged via the current limiting resistor 44. During the imag-
ing mode, a low current 120 is drawn from the electrical load
28. When the power drawn from the electrical load 28 is
increased to a high level, the voltage drop of the drive voltage
V20 is reduced due to the charged capacitor 34 as shown
below. Further, the current 120 is slowly increased due to the
charged capacitor 34 and due to the current limiting resistor
44 and is kept below the current rating of the input pin 24.
During the use the ultrasound system 10 is in the imaging
mode and frequently for a short time frame switched to the
elastography mode to provide an acoustic push. Hence, the
power level drawn from the transducer head 14 switches
frequently from a low power level to a high power level.

[0057] FIG. 5a shows a voltage curve of the supply voltage
V20 of FIG. 4 when the power drawn by the electrical load 28
is increased. Further, FIG. 56 shows the current 120 from FIG.
4 when a power drawn by the electrical load 28 is increased.
As shown in FIG. 5a the voltage V20 drops from 40 V to
approximately 37 V and the voltage drop keeps below 10%.
The current 120 shown in FIG. 55 increases linearly up to
approximately 1 A during the power pulse so that the current
rating is not reached. Hence, by means of the charge capacitor
34, the voltage drop can be reduced, the current can be kept
below the current rating and the necessary power of in this
case 200 W can be transmitted from the power supply 20 to
the transducer head 14 via the transducer cable 16.
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[0058] The charge capacitor 34 and the discharge element
38 are preferably mounted at the end of the transducer cable
16 with the system connector 22. E.g. the charge capacitor 34
and the discharge element 38 are mounted in a housing of the
connector. In an alternative embodiment, the charge capacitor
34 and the discharge element 38 are mounted in the trans-
ducer head 14.

[0059] In a further preferred embodiment, the base station
20 comprises a plurality of power supplies 20 which are each
connected by a separate transducer cable 16 to the transducer
head 14 and each comprises a separate charge capacitor 34. In
this embodiment different power levels can be provided by
means of different transducer cables 16 to the transducer head
and also drive the different ultrasound transducers in the
transducer head in parallel.

[0060] Ina further embodiment the charge capacitor 34 has
a capacitance of more than approximately 2500 uF, prefer-
ably 2700 pF.

[0061] While the invention has been illustrated and
described in detail in the drawings and foregoing description,
such illustration and description are to be considered illustra-
tive or exemplary and not restrictive; the invention is not
limited to the disclosed embodiments. Other variations to the
disclosed embodiments can be understood and effected by
those skilled in the art in practicing the claimed invention,
from a study of the drawings, the disclosure, and the
appended claims.

[0062] In the claims, the word “comprising” does not
exclude other elements or steps, and the indefinite article “a”
or “an” does not exclude a plurality. A single element or other
unit may fulfill the functions of several items recited in the
claims. The mere fact that certain measures are recited in
mutually different dependent claims does not indicate that a
combination of these measures cannot be used to advantage.
[0063] A computer program may be stored/distributed on a
suitable medium, such as an optical storage medium or a
solid-state medium supplied together with or as part of other
hardware, but may also be distributed in other forms, such as
via the Internet or other wired or wireless telecommunication
systems.

[0064] Any reference signs in the claims should not be
construed as limiting the scope.

1. An ultrasound transducer assembly comprising:

an ultrasound transducer head,

an electrical conductor for connecting the transducer head
to an electrical power supply of a base station and for
transmitting electrical power from the power supply to
the transducer head,

a connector element for connecting the electrical conduc-
tor to the power supply and for receiving an input voltage
from the power supply, and

a capacitor electrically connected or electrically connect-
able to the electrical conductor for storing electrical
charge, wherein the capacitor has a capacitance larger
than or equal to 100 uF, and

acontrollable switch for electrically connecting the capaci-
tor to the electrical conductor.

2. (canceled)

3. The ultrasound transducer assembly as claimed in claim

1, further comprising a discharging element connected in
parallel to the capacitor for discharging the capacitor.
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4. The ultrasound transducer assembly as claimed in claim
3, wherein the discharging element comprises a second con-
trollable switch and a resistor for discharging the capacitor.

5. The ultrasound transducer assembly as claimed in claim
3, wherein the discharging element is adapted to discharge the
capacitor when the capacitor is disconnected from the elec-
trical conductor.

6. The ultrasound transducer assembly as claimed in claim
1, further comprising a resistor electrically connecting the
capacitor to the connector element for limiting a charge cur-
rent.

7. The ultrasound transducer assembly as claimed in claim
1, wherein the electrical conductor comprises a plurality of
separate parallel connection cables for connecting the capaci-
tor to the transducer head.

8. The ultrasound transducer assembly as claimed in claim
1, wherein the capacitor is mounted within a housing of the
transducer head.

9. The ultrasound transducer assembly as claimed in claim
1, wherein the capacitor is mounted within a handle of the
transducer head.

10. The ultrasound transducer assembly as claimed in
claim 1, wherein the capacitance of the capacitor is at least
500 pF.

11. The ultrasound transducer assembly as claimed in
claim 1, wherein the electrical conductor comprises a plural-
ity of separate parallel connection cables for reducing the
electrical resistance and the inductance of the electrical con-
ductor.

12. The ultrasound transducer assembly as claimed in
claim 1, wherein the ultrasound transducer head comprises an
ultrasound transducer for shear wave elastography imaging.

13. The ultrasound transducer assembly as claimed in
claim 12, wherein the electrical conductor is provided for
transmitting electrical power at at least two different power
levels for providing electrical power to the ultrasound trans-
ducer.

14. The ultrasound transducer assembly as claimed in
claim 1, comprising a plurality of electrical conductors for
connecting the transducer head to a corresponding plurality
of electrical power supplies of the base station and for trans-
mitting electrical power from the power supplies to the trans-
ducer head at different power levels.

15. A method for driving an ultrasound transducer head
comprising the steps of:

connecting the transducer head to a power supply by means

of an electrical conductor,
connecting a charge capacitor to the electrical conductor
having a capacitance larger than or equal to 100 pF,

providing and controlling a controllable switch for electri-
cally connecting the capacitor to the electrical conduc-
tor,
providing electrical power from the power supply to the
ultrasound transducer head at a first power level, and

providing electrical power from the power supply to the
ultrasound transducer head at a second power level
higher than the first power level.
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