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Description
FIELD OF THE INVENTION

[0001] The presentinvention relates to a driver device
and a corresponding driving method for driving a load
having a plurality of separate capacitive load elements,
in particular an ultrasound transducer comprising a plu-
rality of transducer elements. Further, the present inven-
tion relates to an ultrasound apparatus.

BACKGROUND OF THE INVENTION

[0002] In the field of ultrasound transducer for three-
dimensional imaging transducer probes are designed by
integrating a two-dimensional array of acoustic transduc-
er elements. The transducer elements are typically
formed of piezoelectric materials for emitting pressure
waves. The transducer elements are usually also used
to detect ultrasound reflections for three-dimensional im-
aging. The transducer elements are typically controlled
or driven by ASICs having integrated driver elements for
driving the transducer elements separately.

[0003] The existing 3D ultrasound transducers are
used for transcutaneous and transesophageal imaging
and provide an imaging frequency in the range of 2 to 10
MHz. In this imaging frequency range, the ASICs for driv-
ing the transducer elements are designed to have a cir-
cuitry to control, transmit and receive the acoustic signal
in an array that corresponds to the array of a single trans-
ducer element. The size of the transducer elements is
determined by the imaging requirements of the certain
application, i.e. the frequency and the field of view of the
ultrasound transducer. Typically a pitch of the transducer
elements in a two-dimensional array is between 100 and
300 pm.

[0004] For catheter-based imaging devices and sys-
tems the currently available imaging transducer probes
and driver devices are too large and operate at two low
frequencies for providing a necessary two-dimensional
and three-dimensional imaging inside the organs, e.g.
inside the heart. In particular for applications to examine
the heart, the transducer probes have to provide guid-
ance and location information for ablation procedures
and structural heart repairs. Those applications need
higher frequencies, e.g. 15-60 MHz in order to provide
the required imaging characteristics. Further, to achieve
the frequency and size requirements of the catheter-
based application, Capacitive Micromachined Ultra-
sound Transducers (CMUTSs) can be employed replacing
the piezoelectric transducer elements. The CMUTs can
provide reasonable acoustic performance at higher fre-
quencies and smaller dimensions than the piezoelectric
material and can be manufactured using cheap semicon-
ductor processing techniques.

[0005] A possibility to reduce the dimensions of the
driver device is known from US 2006/0264747 A1. The
microbeam former channels of this driver device are com-
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bined to clusters having a common voltage source or
common current source. However, due to the large
amount of high voltage transistors being integrated in the
ASICs the size of the driver device is still too large to be
accommodated in a catheter-based transducer probe.
[0006] US 4,841,492 A discloses an apodization atten-
uation circuitto achieve a selected percent gaussian apo-
dization of a focused ultrasound wave form when trans-
mitted from a linear or phased array. The circuit uses a
string of resistors, one resistor positioned between the
drivers of each element in the transducer array. Each
node of the resistor string functions as the reference po-
tential input for one driver.

[0007] US 3,989,963 A discloses a control circuit for
cyclically operating one or more piezoelectric transduc-
ers to transmit and receive ultrasonic signals. The circuit
comprises a power transistor in series with an induction
coil and controlled by a timing circuit to conduct for a
short time during each cycle.

SUMMARY OF THE INVENTION

[0008] Itis therefore an object of the present invention
to provide an improved driver device having a reduced
size and a corresponding driving method for driving a
load having a plurality of separate capacitive load ele-
ments.

[0009] Accordingtoone aspectofthe presentinvention
a driver device for driving a load having a plurality of
separate capacitive load elements, in particular an ultra-
sound transducer having a plurality of transducer ele-
ments is provided, comprising:

- input terminals for connecting a driver device to a
power supply;

- a plurality of output terminals connecting the driver
device to one of the load elements,

- afirst controllable switch connected to a first of the
input terminals and

- aplurality of driving elements each having a second
controllable switch and a resistor connected in series
to each other, wherein the first controllable switch is
a single controlable switch, which connects the ca-
pacitive load elements to a first voltage level, and
wherein each of the driving elements is connected
in series with the first controllable switch and to a
second of the input terminals, and wherein each of
the outputterminals is connected to one of the driving
elements for powering the load elements, and
wherein i) the first controllable switch is provided for
charging the capacitive load elements and the sec-
ond controllable switches are provided for individu-
ally discharging the capacitive load elements; or ii)
the first controllable switch is provided for discharg-
ing the capacitive load elements and the second con-
trollable switches are provided for individually charg-
ing the capacitive load elements.
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[0010] According to another aspect of the present in-
vention, a driving method for driving a load having a plu-
rality of separate capacitive load elements, in particular
for driving an ultrasound transducer having a plurality of
transducer elements is provided, comprising the steps of:

- connecting the load elements to a driver device,

- connecting the capacitive load elements to a first
voltage level via a single first controllable switch,

- connecting the capacitive load elements individually
to a second voltage level via a plurality of second
controllable switches each associated to one of the
capacitive load elements, and wherein

i) the first controllable switch is provided for
charging the capacitive load elements and the
second controllable switches are provided for
individually discharging the capacitive load ele-
ments; or

ii) the first controllable switch is provided for dis-
charging the capacitive load elements and the
second controllable switches are provided for
individually charging the capacitive load ele-
ments.

[0011] According to still another aspect of the present
invention an ultrasound apparatus is provided compris-
ing an ultrasound transducer having a plurality of trans-
ducer elements, in particular an array of transducer ele-
ments, and at least one driver device for individually driv-
ing the ultrasound transducer elements as provided ac-
cording to the present invention.

[0012] Preferred embodiments of the invention are de-
fined 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.

[0013] The present invention is based on the idea to
charge or discharge the capacitive load via a single high
voltage transistor and to individually discharge or charge
the capacitive load elements by means of second high
voltage transistors individually associated to the output
terminals. Since all of the capacitive load elements are
charged or discarged via the single high voltage transis-
tor, the overall amount of integrated transistor elements
can be reduced. Hence, by means of the driver device
according to the present invention and the driving meth-
od, the size of the driver device can be significantly re-
duced.

[0014] Ina preferred embodiment, the output terminals
are each connected to a node between the resistor and
the second controllable switch. By means of this special
connection, the capacitive load elements are separated
from each other by means of the resistors that the ca-
pacitive load element can be charged slowly and easily
individually discharged without interfering with each oth-
er and without causing acoustic energy.

[0015] In afurther embodiment, the driver device com-
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prises a plurality of switch control elements associated
to each of the second controllable switches for controlling
the second controllable switches. The switch control el-
ements are provided to control the second controllable
switches individually to charge or discharge the capaci-
tive load elements individually.

[0016] According to the invention, the first controllable
switch is provided for charging the capacitive load ele-
ments and wherein the second controllable switches are
provided for individually discharging the capacitive load
elements. This is a simple solution to drive the ultrasound
transducer elements individually with low control effort
and to provide a two- or three-dimensional pressure
wave.

[0017] According to the invention, the second control-
lable switches are provided for charging the capacitive
load elements individually and the first controllable switch
is provided for discharging the capacitive load elements.
This is a simple solution to drive the ultrasound transduc-
er elements individually with low control effort and to pro-
vide a two- or three-dimensional pressure wave.

[0018] In a further embodiment, the switch control el-
ements are adapted to switch the second controllable
switches on a staggered time basis. This is a practical
solution to provide a three-dimensional pressure pulse
for high quality three-dimensional imaging.

[0019] In a further embodiment, the switch control el-
ements are adapted to control the first and the second
controllable switches such that the first and the second
controllable switches are at least temporarily simultane-
ously conductive. This minimizes cross-talk between the
driving elements.

In a further embodiment each of the driving elements has
areceiving circuitry connected to the second controllable
switch. This is a possibility to drive the capacitive load
element and to detect ultrasound reflections by means
of the driving elements to further reduce the size of the
driver device.

[0020] In a further embodiment each of the second
controllable switches are connected via a third control-
lable switch to the second input terminal and wherein
each of the receiving circuitries is connected to a node
between each of the second controllable switches and
each of the third controllable switches. This is a simple
solution to connect and disconnect the receiving circuitry
and the capacitive load elements to detect the ultrasound
reflections to activate and deactivate the receiving cir-
cuitries.

In a further embodiment, the switch control elements are
adapted to switch the third controllable switches and the
second controllable switches in a drive mode of the driver
device in a conductive state. This is a practical possibility
to activate a drive mode of the driver device with low
control effort.

[0021] In a further embodiment, the switch control el-
ements are adapted to switch the second controllable
switches in a conductive state and the third controllable
switches in a non-conductive state in a receive mode
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when the receiving circuitry is activated. This is a useful
solution to switch from the drive mode of the driver device
to the receiving mode of the driver device with low control
effort.

[0022] In a further embodiment, the first controllable
switches and the second controllable switches are inte-
grated in one single semiconductor device. This is a so-
lution to provide a small driver device for catheter-based
imaging ultrasound transducers.

[0023] Asmentioned above, the presentinvention pro-
vides a driver device for driving a plurality of separate
capacitive load elements such as transducer elements
for three-dimensional ultrasound imaging, wherein the
separate capacitive load elements can be driven individ-
ually and wherein the size of the driver device is reduced.
The reduction of the dimensions of the driver device is
achieved since the capacitive load elements are all
charged in one step via the first controllable switch and
individually discharged by means of the second control-
lable switches. Hence, the amount of switches and the
size of the driver device can be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] These and other aspects of the invention will be
apparent from and elucidated with reference to the em-
bodiment(s) described hereinafter. In the following draw-
ings

Fig. 1 shows a schematic block diagram of a known
driver device for driving a transducer element of an
ultrasound transducer;

Fig. 2 shows a driver device having a plurality of driv-
ing elements for individually driving separate trans-
ducer elements;

Fig. 3 shows a timing diagram of the controllable
switches of the driver device shown in Fig. 2 and the
outputvoltage for powering the transducer elements;
and

Fig. 4 shows a schematic block diagram of a driver
device for driving transducer elements and for meas-
uring ultrasound reflections by the transducer ele-
ment.

DETAILED DESCRIPTION OF THE INVENTION

[0025] Fig. 1showsaknowndriverdevice 10 fordriving
ultrasound transducer elements 12. The driver device 10
comprises input terminals 14, 16 as supply connections
for connecting the driver device 10 to a power source 18,
which provides a supply voltage V10 to the driver device
10. In this certain embodiment, the second input terminal
16 and the power source 18 are each connected to a
ground level 20.

[0026] The driver device 10 comprises an output ter-
minal 22, for connecting the driver device 10 to an ultra-
sound transducer element 12. The driver device 10 com-
prises two controllable switches 24, 26 connected in se-
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ries to each other, wherein the output terminal 22 is con-
nected to a node 28 between the first and the two con-
trollable switches 24, 26. The controllable switches 24,
26 form a half bridge for providing different voltage levels
to the output terminal 22. The controllable switches 24,
26 are connected via a control input to a control unit. The
control unit 30 controls the controllable switches 24, 26
by means of a control signal and are switched in an al-
ternating fashion by means of alevel shifter 32 connected
between the control unit 30 and the first controllable
switch 24.

[0027] By providing the different voltage levels, in this
case V10 and ground to the ultrasound transducer ele-
ment 12, the ultrasound transducer element 12 is
charged and discharged in an alternating fashion and
provides a pressure wave having a frequency corre-
sponding to the switching frequency of the control signal
and of the controllable switches 24, 26.

[0028] The controllable switches 24, 26 are formed as
high voltage semiconductor transistors having different
conductivity types. The high voltage transistors are typ-
ically integrated in a semiconductor device such as an
ASIC to reduce the dimensions of the driver device 10.
For driving a plurality of transducer elements 12 such as
an array of transducer elements, a corresponding
amount of driver devices 10 have to be integrated in one
ASIC and need to be isolated from each other such that
the chip area of those ASICs is typically large.

[0029] Fig. 2 shows a schematic block diagram of a
driver device for driving a plurality of transducer elements
generally denoted by 40. The driver device 40 comprises
a plurality of driving elements 42, 42’. In Fig. 2 as an
example two driving elements 42, 42’ are shown, how-
ever, the driver device 40 comprises typically more than
two driving elements 42, 42’ such as e.g. 36 driving ele-
ments, corresponding to the amount of transducer ele-
ments to be driven within one patch of transducer ele-
ments. The complete transducer probe contains many
transducer patches and e.g. 1000 transducer elements.
The transducer elements are preferably arranged in
patches of about e.g. 6 x 6 elements to achieve an opti-
mum of the area utilization, which is reduced for small
amounts of transducer elements in one patch and the
power loss, which is increased for large patches due to
the overlap time of the first and the second controllable
switches. The driver device 40 comprises input terminals
44, 46 as supply connections for connecting the driver
device to a power source 48, which provides a supply
voltage V20 for driving the driver device 40. In this case,
the second input terminal 46, 46’ and the power source
40 are each connected to ground, however, in a certain
embodiment, the input terminal 46, 46’ can also be con-
nected to a different voltage level.

[0030] The driving elements 42,42’ are each connect-
ed to an output terminal 50, 50’ for individually driving
the transducer elements 52, 52’. The transducer ele-
ments 52, 52’ are typically integrated in a one- or two-
dimensional array of transducer elements to form an ul-
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trasound transducer and to provide two- or three-dimen-
sional pressure waves.

[0031] The driver device 40 comprises a first control-
lable switch 54 connected to a first of the input terminals
44 and which is controlled by a switch control unit 56.
The driving elements 42, 42’ are each connected to the
first controllable switch 54. The driving elements 42, 42’
are connected in parallel to each other and each com-
prises a resistor 58 and a second controllable switch 60,
which are connected in series between the first control-
lable switch 54 and the second output terminal 46. A node
62, 62’ between the resistor 58, 58’ and the second con-
trollable switch 60, 60’ is connected to the respective
output terminal 50, 50’ of the driving elements 42, 42’ to
provide an output voltage to each of the transducer ele-
ments 52, 52’. The second controllable switches 60, 60’
are each controlled via a control signal provided by a
switch control unit64, 64’. The driver device 40 comprises
a control unit 66, which controls the switch control units
56, 64, 64’ for switching the first controllable switch 54
and the second controllable switches 60, 60’. A level shift-
er 68 is connected between the control unit 66 and the
switch control unit 56 of the first controllable switch 54 to
switch the first controllable switch 54 and the second con-
trollable switches 60, 60’.

[0032] During operation of the driver device 40, the first
controllable switch 54 is switched on i.e. to a conductive
state while the second controllable switches 60, 60’ are
switched off i.e. in a non-conductive state. During this
on-time of the first controllable switch 54, the output ter-
minals 50, 50’ are connected via the resistor 58, 58’ to
the power supply 48. During this on-time, the capacitive
load elements 42, 42’, i.e. the transducer elements 52,
52’ are charged via the resistor 58, 58’. After the trans-
ducer elements 52, 52’ have been charged to the voltage
V20, the second controllable switches 60, 60’ are indi-
vidually switched on to discharge the capacitive load el-
ements 42, 42’, i.e. the transducer elements 42, 42’ in-
dividually by connecting the output terminals 50, 50’ to
the second input terminal 46. The first controllable switch
54 may be switched off before the second controllable
switches 60, 60’ are switched on or at the same time
when the second controllable switches 60, 60’ are
switched on to reduce the power loss in the resistor 58,
58'. Alternatively, the first controllable switch 54 may be
still conductive when the second controllable switches
60, 60’ are switched on to the conductive state to reduce
cross-talk between the transducer elements 52, 52’. Due
to the capacity of the transducer elements 52, 52’ and
the resistor 58, 58’, the charging of the transducer ele-
ments 52, 52’ is performed simultaneously via the first
controllable switch 54 and comparatively slow. Due to
the low frequency of the charging no significant acoustic
pressure is created by the transducer elements 52, 52'.
During the fast discharging the transducer elements 52,
52’ a pressure wave is individually created by each of
the transducer elements 52, 52’.

[0033] The driving elements 42, 42’ form different
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channels of the driver device 40, wherein each channel
contains the individual switch control units 64, 64’ to ac-
tivate the second controllable switches 60, 60°. Depend-
ent on the timing of the switching of the second control-
lable switches 60, 60’ the pressure wave emitted by the
ultrasound transducer can be steered and focused in a
traditional manner.

[0034] The first controllable switch 54 and the second
controllable switches 60, 60’ are high voltage transistors
having different conductivity types. In the case shown in
Fig. 2, the first controllable switch 54 is a p-MOS transis-
tor and the second controllable switches are n-MOS tran-
sistors. In an alternative embodiment the conductivity
types can be vice versa.

[0035] Typically the transducer elements 52, 52’ are
integrated together with the driver device 40 and located
close together. Therefore, the different channels can be
activated with short timing delays relative to each other.
The control of the first controllable switch 54 can be op-
timized with respect to the control of the second control-
lable switches 60, 60’. An overlap of the on-time of the
first controllable switch 54 and the second controllable
switches 60, 60’ should be minimized or optimized. In a
certain embodiment, the first controllable switch 54 is
switched on during the switches of the second controlla-
ble switches to minimize the cross-talk between the dif-
ferent driving elements 42, 42’. The timing of the level
shifter 68 is not critical as in the driver device 10 shown
in Fig. 1, since the resistors 58, 58’ prevent the driver
device 40 from a short circuit. Hence, the level shifter 68
may be a simple circuit, which is not timing-critical.
[0036] Inanalternative embodiment, the input terminal
44 is connected to ground and the input terminals 46, 46’
are connected to the power source 48 and the transducer
elements 50, 50’ are individually charged via the second
controllable switches 60, 60’ and discharged via the first
controllable switch 54.

[0037] Fig. 3 shows a timing diagram of the driver de-
vice 40 having three driving elements 42 for driving three
transducer elements.

[0038] In Fig. 3 a drive signal V1 for driving the first
controllable switch 54 is shown schematically and three
drive signals V2, V3, V4 are shown schematically for driv-
ing the second controllable switches 60 of three different
driving elements 42. Further, an output voltage V,; of
the different output terminals 50 of the three driving ele-
ments 42 is shown schematically.

[0039] Att1 the first controllable switch 54 is switched
oni.e. to a conductive state while the second controllable
switches 60 are switched off i.e. in a non-conductive
state. The voltage V,; increases slowly while the trans-
ducer elements 52 are simultaneously charged. Att2 one
of the second transistors 60 is switched on as shown by
the driving signal V4. At {2 the respective transducer el-
ement 52 associated to this second transistor is dis-
charged rapidly as shown by rapid decrease of the output
voltage V,; at t2. At t3 a second of the second control-
lable switches is switched on as shown by the respective
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driving signal V2 and the associated transducer element
52 is discharged as shown by the rapid decrease of out-
put voltage V,,; at t3. At t4, a third of the second control-
lable switches is switched on as shown by the respective
drive signal V3 and the associated transducer element
52 is discharged as schematically shown by the output
voltage V ;. At t5 the first controllable switch 54 and the
three second controllable switches 60 are switched off.
During the phase between t2 and t5 the pressure wave
of the ultrasound transducer is generated. At t5 all con-
trollable switches 54, 60 are switched off and the driver
device 40 is switched in a read-mode. During the read-
mode, the transducer elements 52 detect ultrasound re-
flections which cause a reflection current in the transduc-
erelements 52 which can be detected by the driver device
40 as described in the following. At t1’, the charging of
the transducer elements 52 starts again. In this embod-
iment, at t5 the second controllable switches 60 are
switched off for the following receive mode, however, de-
pending on the receiving circuitry to detect the current of
the ultrasound transducer elements 52, the second con-
trollable switch 60 may alternatively remain switched on
during the receive mode.

[0040] Fig.4 shows an embodimentofthe driverdevice
40 including receiving elements for detecting ultrasound
reflections of the transducer elements 52. Identical ele-
ments are denoted by identical reference numerals,
wherein here merely the differences are explained in de-
tail.

[0041] The driver device 40 shown in Fig. 4 comprises
five detection elements 42, 42’, 42", 42", 42", wherein
merely one of the driving elements 42 is shown in detail
and the other driving elements 42’, 42", 42™, 42™ are
schematically shown.

[0042] A third controllable switch 70 is connected be-
tween the second controllable switch 60 and the second
input terminal 46. A receiving circuitry 72 is connected
to a node 74 between the second controllable switch 60
and the third controllable switch 70. The switch control
unit 64 is connected to the third controllable switch 70
for controlling the third controllable switch 70. The third
controllable switch 70 is preferably a low-voltage transis-
tor.

[0043] In a driving mode of the driver device 40 be-
tween t2 and t5 shown in Fig. 3 the third controllable
switch 70 of each driving element 42 is switched on to a
conductive state, the receiver circuitry 72 is turned off
and the second controllable switch 60, 60’ is switched on
to a conductive state to generate the acoustic pressure.
The second controllable switch 60, 60’ in the drive mode
behave as a cascading stage and prevents the node 74
from high voltage so that the receiver circuitry 72 can be
formed of low voltage components. During this drive
mode the acoustic pressure waves are provided as de-
scribed above. During a receive mode between t5 and
t1’ as shown in Fig. 3, the second controllable switch 60,
60’ remains conductive and the third controllable switch
70 is switched off to a non- conductive state. The receiver
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circuitry 72 is activated and the current generated by the
transducer elements 52 flows via the second controllable
switch 60 into the receiver circuitry 72 to detect the trans-
ducer current and to detect the respective ultrasound re-
flections. The receiver circuitry 72 may function in this
case as a transimpedance amplifier with a low input im-
pedance. Hence, the driver device 40 shown in Fig. 4
can drive the transducer element 52 for providing a fo-
cused pressure wave and can also detect the ultrasound
reflection.

[0044] In a further embodiment, the driver device 40
comprises one fourth controllable switch 76, one fifth con-
trollable switch 78 and a second receiver circuitry 80 as-
sociated to the first controllable switch 54. The fourth
controllable switch 76 and the fifth controllable switch 78
are controlled by means of a switch control unit 82. The
fourth controllable switch 76 and the fifth controllable
switch 78 are connected in series between the first con-
trollable switch 54 and the second input terminal 46. The
second receiving circuitry 80 is connected to a node 84
between the fourth controllable switch 76 and the fifth
controllable switch 78. The second receiving circuitry 80
is activated in the receive mode of the driver device 40
and causes a low impedance which minimizes cross-talk
between the driving elements 42, 42’, 42", 42", 42" fur-
ther.

[0045] While the invention has been illustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, suchillustration and description are to be considered
illustrative or exemplary and not restrictive; the invention
is not limited to the disclosed embodiments. Other vari-
ations 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 dis-
closure, and the appended claims.

[0046] 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 re-
cited 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.

[0047] 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.

[0048] Any reference signs in the claims should not be
construed as limiting the scope.

Claims
1. Driver device (40) for driving a load (52) having a

plurality of separate capacitive load elements (52),
in particular an ultrasound transducer having a plu-
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rality of transducer elements (52), comprising:

- input terminals (44, 46) for connecting the driv-
er device (40) to a power supply (48);

- a plurality of output terminals (50) each for con-
necting the driver device (40) to one of the load
elements (52),

- a first controllable switch (54) connected to a
first of the input terminals (44), and

- a plurality of driving elements (42) each having
a second controllable switch (60) and a resistor
(58) connected in series to each other,

characterized in that the first controllable switch
(54) is a single controllable switch, which connects
the capacitive load elements (52) to a first voltage
level, and in that each of the driving elements (42)
is connected in series with the first controllable
switch (54) and to a second of the input terminals
(46), and wherein each of the output terminals (50)
is connected to one of the driving elements (42) for
powering the load elements (52); and in that

i) the first controllable switch (54) is provided for
charging the capacitive load elements (52) and
the second controllable switches (60) are pro-
vided for individually discharging the capacitive
load elements (52); or

i) the first controllable switch (54) is provided
for discharging the capacitive load elements
(52) and the second controllable switches (60)
are provided for individually charging the capac-
itive load elements (52).

Driver device as claimed in claim 1, wherein the out-
put terminals (50) are each connected to a node (62)
between the resistor (58) and the second controlla-
ble switch (60).

Driver device as claimed in claim 1 or 2, further com-
prising a plurality of switch control elements (56, 64)
associated to each of the controllable switches (54,
60) for controlling the controllable switches (54, 60).

Driver device as claimed in claim 1, wherein the
switch control elements (64) are adapted to switch
the second controllable switches (60) on a staggered
time basis.

Driver device as claimed in any of claims 1 to 3,
wherein the switch control elements (64) are adapted
to control the first and the second controllable switch-
es (54, 60) such that the first and the second con-
trollable switches (54, 60) are temporarily simulta-
neously conductive.

Driver device as claimed in any of claims 1 to 5,
wherein each of the driving elements has a receiving
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10.

1.

circuitry (72) connected to the second controllable
switch (60).

Driver device as claimed in claim 6, wherein each of
the second controllable switches are connected via
a third controllable switch (70) to the second input
terminal (46) and wherein each of the receiving cir-
cuitries (72) is connected to a node (74) between
each of the second controllable switches (60) and
each of the third controllable switches (70).

Driver device as claimed in claim 7, wherein the
switch control elements (64) are adapted to switch
the third controllable switches (70) and the second
controllable switches (60) in a drive mode of the driv-
er device (40) in a conductive state.

Driver device as claimed in claim 8, wherein the
switch control elements (64) are adapted to switch
the second controllable switches (60) ina conductive
state and the third controllable switches (70) in a
non-conductive state in a receive mode when the
receiving circuitry (72) is activated.

Driver device as claimed in any of claims 1 to 9,
wherein the first controllable switches (54) and the
second controllable switches (60) are integrated in
one single semiconductor device.

Driving method for driving a load having a plurality
of separate capacitive load elements (52), in partic-
ular for driving an ultrasound transducer having a
plurality of transducer elements (52), comprising the
steps of

- connecting the load elements (52) to a driver
device (40),

- connecting the capacitive load elements (52)
individually to a second voltage level via a plu-
rality of second controllable switches (60) each
associated to one of the capacitive load ele-
ments (52),

wherein the method is characterized by

- connecting the capacitive load elements (52)
to a first voltage level via a first single controlla-
ble switch (54), and in that,

i) the first controllable switch (54) is provided
for charging the capacitive load elements
(52) and the second controllable switches
(60) are provided for individually discharg-
ing the capacitive load elements (52); or in
that

ii) the first controllable switch (54) is provid-
ed for discharging the capacitive load ele-
ments (52) and the second controllable
switches (60) are provided for individually
charging the capacitive load elements (52).
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12. Ultrasound apparatus comprising:

- an ultrasound transducer comprising a plurality
of transducer elements (52), in particular an ar-
ray of transducer elements (52), and

- at least one driver device (40) for individually
driving the ultrasound transducer element (52)
as claimed in any one of claims 1 to 10.

Patentanspriiche

1.

Treibervorrichtung (40) zum Antreiben einer Last
(52), die eine Vielzahl von separaten kapazitiven
Lastelementen (52) aufweist, insbesondere eines
Ultraschallwandlers, der eine Vielzahl von Wandler-
elementen (52) aufweist, umfassend:

- Eingangsanschliisse (44, 46) zum Verbinden
der Treibervorrichtung (40) mit einer Stromver-
sorgung (48);

- eine Vielzahl von Ausgangsanschliissen (50)
jeweils zum Verbinden der Treibervorrichtung
(40) mit einem der Lastelemente (52),

- einen ersten steuerbaren Schalter (54), der mit
einem ersten der Eingangsanschlisse (44) ver-
bunden ist, und

- eine Vielzahl von Treiberelementen (42), die
jeweils einen zweiten steuerbaren Schalter (60)
und einen Widerstand (58) aufweisen, diein Rei-
he miteinander geschaltet sind,

dadurch gekennzeichnet, dass der erste steuer-
bare Schalter (54) ein einzelner steuerbarer Schalter
ist, der die kapazitiven Lastelemente (52) mit einem
ersten Spannungspegel verbindet und dass jedes
der Treiberelemente (42) mit dem ersten steuerba-
ren Schalter (54) und einem zweiten der Eingangs-
anschlisse (46) in Reihe geschaltet ist und wobei
jeder der Ausgangsanschliisse (50) mit einem der
Treiberelemente (42) zum Antreiben der Lastele-
mente (52) verbunden ist; und dass

i) der erste steuerbare Schalter (54) zum Laden
der kapazitiven Lastelemente (52) vorgesehen
ist und die zweiten steuerbaren Schalter (60)
zum individuellen Entladen der kapazitiven Las-
telemente (52) vorgesehen sind; oder

ii) der erste steuerbare Schalter (54) zum Ent-
laden der kapazitiven Lastelemente (52) vorge-
sehen ist und die zweiten steuerbaren Schalter
(60) zum individuellen Laden der kapazitiven
Lastelemente (52) vorgesehen sind.

Treibervorrichtung nach Anspruch 1, wobei die Aus-
gangsanschlisse (50) jeweils mit einem Knoten (62)
zwischen dem Widerstand (58) und dem zweiten
steuerbaren Schalter (60) verbunden sind.
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10.

1.

Treibervorrichtung nach Anspruch 1 oder 2, weiter
umfassend eine Vielzahl von Schaltersteuerelemen-
ten (56, 64), die jedem der steuerbaren Schalter (54,
60) zum Steuern der steuerbaren Schalter (54, 60)
zugeordnet sind.

Treibervorrichtung nach Anspruch 1, wobei die
Schaltersteuerelemente (64) angepasst sind, um die
zweiten steuerbaren Schalter (60) zeitversetzt zu
schalten.

Treibervorrichtung nach einem der Anspriiche 1 bis
3, wobei die Schaltersteuerelemente (64) angepasst
sind, um den ersten und den zweiten steuerbaren
Schalter (54, 60) so zu steuern, dass der erste und
der zweite steuerbare Schalter (54, 60) vorliberge-
hend gleichzeitig leitend sind.

Treibervorrichtung nach einem der Anspriiche 1 bis
5, wobei jedes der Treiberelemente eine Empfangs-
schaltung (72) aufweist, die mit dem zweiten steu-
erbaren Schalter (60) verbunden ist.

Treibervorrichtung nach Anspruch 6, wobeijeder der
zweiten steuerbaren Schalter Uber einen dritten
steuerbaren Schalter (70) mit dem zweiten Ein-
gangsanschluss (46) verbunden ist und wobei jede
der Empfangsschaltungen (72) mit einem Knoten
(74) zwischen jedem der zweiten steuerbaren Schal-
ter (60) und jedem der dritten steuerbaren Schalter
(70) verbunden ist.

Treibervorrichtung nach Anspruch 7, wobei die
Schaltersteuerelemente (64) angepasst sind, um die
dritten steuerbaren Schalter (70) und die zweiten
steuerbaren Schalter (60) in einem Antriebsmodus
der Treibervorrichtung (40) in einen leitenden Zu-
stand zu schalten.

Treibervorrichtung nach Anspruch 8, wobei die
Schaltersteuerelemente (64) angepasst sind, um die
zweiten steuerbaren Schalter (60) in einen leitenden
Zustand und die dritten steuerbaren Schalter (70) in
einen nicht leitenden Zustand in einem Empfangs-
modus zu schalten, wenn die Empfangsschaltung
(72) aktiviert ist.

Treibervorrichtung nach einem der Anspriiche 1 bis
9, wobei die ersten steuerbaren Schalter (54) und
die zweiten steuerbaren Schalter (60) in einer einzi-
gen Halbleitervorrichtung integriert sind.

Verfahren zum Antreiben einer Last, die eine Viel-
zahl von separaten kapazitiven Lastelementen (52)
aufweist, insbesondere zum Antreiben eines Ultra-
schallwandlers, der eine Vielzahl von Wandlerele-
menten (52) aufweist, umfassend die Schritte des
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- Verbindens der Lastelemente (52) mit einer
Treibervorrichtung (40),

- individuellen Verbindens der kapazitiven Las-
telemente (52) mit einem zweiten Spannungs-
pegel tber einer Vielzahl von zweiten steuerba-
ren Schaltern (60), die jeweils einem der kapa-
zitiven Lastelemente (52) zugeordnet sind,
wobei das Verfahren gekennzeichnet ist
durch

- Verbinden der kapazitiven Lastelemente (52)
mit einem ersten Spannungspegel Uber einen
ersten einzigen steuerbaren Schalter (54) und
dass

i) der erste steuerbare Schalter (54) zum
Laden der kapazitiven Lastelemente (52)
vorgesehenist und die zweiten steuerbaren
Schalter (60) zum individuellen Entladen
der kapazitiven Lastelemente (52) vorgese-
hen sind; oder dass

ii) der erste steuerbare Schalter (54) zum
Entladen der kapazitiven Lastelemente (52)
vorgesehenist und die zweiten steuerbaren
Schalter (60) zum individuellen Laden der
kapazitiven Lastelemente (52) vorgesehen
sind.

12. Ultraschalleinrichtung umfassend:

- einen Ultraschallwandler, umfassend eine
Vielzahl von Wandlerelementen (52), insbeson-
dere einer Anordnung von Wandlerelementen
(52) und

- mindestens eine Treibervorrichtung (40) zum
individuellen Antreiben des Ultraschallwandler-
elements (52) nach einem der Anspriiche 1 bis
10.

Revendications

Dispositif pilotage (40) pour piloter une charge (52)
ayant une pluralité d’éléments de charge capacitifs
distincts (52), en particulier un transducteur a ultra-
sons ayant une pluralité d’éléments de transducteur
(52), comprenant :

- des bornes d’entrée (44, 46) pour relier le dis-
positif de pilotage (40) a une alimentation en
énergie (48) ;

- une pluralité de bornes de sortie (50) chacune
pour relier le dispositif de pilotage (40) a 'un des
éléments de charge (52),

- un premier commutateur pouvant étre com-
mandé (54) relié a une premiére des bornes
d’entrée (44), et

- une pluralité d’éléments de pilotage (42) cha-
cun ayant un deuxiéme commutateur pouvant
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étre commandé (60) et une résistance (58)reliés
en série I'un a l'autre,

caractérisé en ce que le premier commutateur pou-
vant étre commandé (54) est un commutateur uni-
que pouvant étre commandé, qui relie les éléments
de charge capacitifs (52) a un premier niveau de
tension, et en ce que chacun des éléments de pilo-
tage (42) estrelié en série avec le premier commu-
tateur pouvant étre commandé (54) eta une seconde
des bornes d’entrée (46), et dans lequel chacune
des bornes de sortie (50) est reliée a I'un des élé-
ments de pilotage (42) pour alimenter les éléments
de charge (52) ; et en ce que

i) le premier commutateur pouvant étre com-
mandé (54) est prévu pour charger les éléments
de charge capacitifs (52) et les deuxiemes com-
mutateurs pouvant étre commandés (60) sont
prévus pour décharger individuellement les élé-
ments de charge capacitifs (52) ; ou

ii) le premier commutateur pouvant étre com-
mandé (54) est prévu pour décharger les élé-
ments de charge capacitifs (52) et les deuxie-
mes commutateurs pouvant étre commandés
(60) sont prévus pour charger individuellement
les éléments de charge capacitifs (52).

Dispositif de pilotage selon la revendication 1, dans
lequel les bornes de sortie (50) sont reliées chacune
a unnoeud (62) entre la résistance (58) et le deuxié-
me commutateur pouvant étre commandé (60).

Dispositif de pilotage selon la revendication 1 ou 2,
comprenant en outre une pluralité d’éléments de
commande de commutateur (56, 64) associés a cha-
cun des commutateurs pouvant étre commandés
(54, 60) pour commander les commutateurs pouvant
étre commandés (54, 60).

Dispositif de pilotage selon la revendication 1, dans
lequel les éléments de commande de commutateur
(64) sont congus pour commuter les deuxiémes
commutateurs pouvant étre commandés (60) sur
une base de temps échelonnée.

Dispositif de pilotage selon 'une quelconque des re-
vendications 1 a 3, danslequel les éléments de com-
mande de commutateur (64) sont congus pour com-
mander le premier et les deuxi€mes commutateurs
pouvant étre commandés (54, 60) de sorte que le
premier et les deuxiémes commutateurs pouvant
étre commandés (54, 60) sont temporairement si-
multanément conducteurs.

Dispositif de pilotage selon I'une quelconque des re-
vendications 1 a5, danslequel chacun des éléments
de pilotage a des circuits de réception (72) reliés au
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deuxiéeme commutateur pouvant étre commandé
(60).

Dispositif de pilotage selon la revendication 6, dans
lequel chacun des deuxiémes commutateurs pou-
vant étre commandés est relié via un troisieme com-
mutateur pouvant étre commandé (70) a la seconde
borne d’entrée (46) et dans lequel chacun des cir-
cuits de réception (72) estrelié a un noeud (74) entre
chacun des deuxiémes commutateurs pouvant étre
commandés (60) et chacun des troisiemes commu-
tateurs pouvant étre commandés (70).

Dispositif de pilotage selon la revendication 7, dans
lequel les éléments de commande de commutateur
(64) sont congus pour commuter les troisiemes com-
mutateurs pouvant étre commandés (70) et les
deuxiémes commutateurs pouvant étre commandés
(60) dans un mode de pilotage du dispositif de pilo-
tage (40) dans un état conducteur.

Dispositif de pilotage selon la revendication 8, dans
lequel les éléments de commande de commutateur
(64) sont congus pour commuter les deuxiémes
commutateurs pouvant étre commandés (60) dans
un état conducteur et les troisiemes commutateurs
pouvant étre commandés (70) dans un état non con-
ducteur dans un mode de réception quand les cir-
cuits de réception (72) sont activés.

Dispositif de pilotage selon I'une quelconque des re-
vendications 1 a 9, dans lequel les premiers com-
mutateurs pouvant étre commandés (54) et les
deuxiémes commutateurs pouvant étre commandés
(60) sont intégrés dans un dispositif a semiconduc-
teur unique.

Procédé de pilotage pour piloter une charge ayant
une pluralité d’éléments de charge capacitifs dis-
tincts (52), en particulier pour piloter un transducteur
a ultrasons ayant une pluralité d’éléments de trans-
ducteur (52), comprenant les étapes de

- connexion des éléments de charge (52) a un
dispositif de pilotage (40),

- connexion des éléments de charge capacitifs
(52) individuellement a un second niveau de ten-
sion via une pluralité de deuxi€mes commuta-
teurs pouvant étre commandés (60) associés
chacun a un des éléments de charge capacitifs
(52),

dans lequel le procédé est caractérisé par
-laconnexion des éléments de charge capacitifs
(52) a un premier niveau de tension via un pre-
mier commutateur unique pouvant étre com-
mandé (54), et en ce que,

i) le premier commutateur pouvant étre
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commandé (54) est prévu pour charger les
éléments de charge capacitifs (52) et les
deuxiemes commutateurs pouvant étre
commandeés (60) sont prévus pour déchar-
ger individuellement les éléments de char-
ge capacitifs (52) ; ou en ce que

ii) le premier commutateur pouvant étre
commandé (54) est prévu pour décharger
les éléments de charge capacitifs (52) et les
deuxiemes commutateurs pouvant étre
commandeés (60) sont prévus pour charger
individuellementles éléments de charge ca-
pacitifs (52).

12. Appareil a ultrasons comprenant :

- un transducteur a ultrasons comprenant une
pluralité d’éléments de transducteur (52), en
particulier un groupement d’éléments de trans-
ducteur (52), et

- au moins un dispositif de pilotage (40) pour
piloter individuellement I'élément de transduc-
teur a ultrasons (52) selon 'une quelconque des
revendications 1 a 10.
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