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Description

FIELD OF THE INVENTION

[0001] The systems and methods relate generally to
the use of bias circuitry for biasing an ultrasound imaging
device in an intravascular ultrasound imaging system.

BACKGROUND INFORMATION

[0002] To generate an image using a medical ultra-
sound imaging system, such as an intravascular ultra-
sound (IVUS) orintracardiac echocardiography (ICE) im-
aging system, an ultrasound imaging device, typically in-
cluding one or more transducers, is located on or within
an intravascular device, such as a catheter and the like.
The intravascular device is navigated into the body and
the imaging device is used to image the desired body
tissue. Todo this, the transducer generates and transmits
an ultrasound pulse into the body tissue. As this pulse
strikes various layers of body tissue, echoes are reflected
back to and received by the transducer. The transducer
generates an electrical output signal representative of
the strength of the received echo and outputs this signal
to an image processing system. The image processing
system processes the signal and uses it to form an image
of the body tissue.

[0003] Conventionally, ultrasound transducers have
been made of piezoelectric materials which require ce-
ramic manufacturing technologies which are vastly dif-
ferent from those used to manufacture other components
in an ultrasound imaging system, which are typically sem-
iconductor-based. Piezoelectric transducers typically
have a narrow bandwidth which limits the depth of tissue
that can be imaged.

[0004] Recently, a new type of transducer has been
developed capable of fabrication with semiconduc-
tor-based processing technologies. Capacitive microma-
chined ultrasonic transducers (CMUTs) were designed
to answer a need to mass fabricate medical ultrasound
transducers using the very same semiconductor manu-
facturing processes used to fabricate the other parts of
an external ultrasound imaging system. CMUTs are typ-
ically much smaller than piezoelectric transducers (on
the order of 10 to 100 microns in size) and have a larger
bandwidth.

[0005] A typical CMUT includes a drumhead structure
suspended over a substrate in a manner to allow two-way
conversion between a mechanical wave and an electrical
signal through modulation of a capacitive charge on the
drumhead. To deliver an ultrasound pulse, the capacitive
charge on the drumhead, measured relative to a sub-
strate electrode, is modulated by delivery of an electrical
pulse to the drumhead. The delivery of this pulse causes
the drumhead to vibrate and thereby transmit an ultra-
sound wave. Likewise, in the receiving mode, the impact
of the echo on the drumhead modulates the capacitance
and results in an electrical signal representative of the
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strength of the received echo.

[0006] CMUT devices are not currently used in IVUS
imaging systems. One reason for this is because in order
to operate, the CMUT needs a constant bias voltage that
is carefully controlled so as to maintain high transducer
sensitivity without short-circuiting the transducer’s ca-
pacitance. Accordingly, there is a need for systems and
methods for applying this bias voltage to CMUT devices
in intravascular ultrasound imaging systems.

[0007] An article entitled '"CMUT Ring Arrays for For-
ward-Looking Intravascular Imaging’ by O. Oralkan et al,
Ultrasonics Symposium, 2004 IEEE Montreal, Canada
23-27 August 2004, Piscataway, NJ, USA, IEEE 23 Au-
gust 2004, pages 403-406 (XP010784117) describes an
annular CMUT ring array designed and fabricated for the
tip of a catheter used for forward-looking intravascular
imaging. The transducer is biased using a high-voltage
DC power supply coupled to the transducer on a supply
line and receives a pulse drive signal used for excitation
on another line via a Transmit/Receive switch.

SUMMARY

[0008] In accordance with the invention there is pro-
vided a medical imaging system as recited in claim 1 of
the accompanying claims.

[0009] UK Patent Application GB 2 368 123 describes
an ultrasonic transducer array arrangement suitable for
mounting on a catheter. The device also includes a con-
trol arrangement that comprises means for applying a
bias voltage to the array, to render the elements of the
array significantly piezoelectric, and means for transmit-
ting a receiving signal in relation to those transducer el-
ements only when the bias voltage is being applied.
[0010] The systems and methods described herein
provide for an imaging system having bias circuitry for
applying a bias voltage to one or more transducers. The
imaging system includes an imaging device insertable
into a living being and configured to image the interior of
the living being. The imaging device includes an ultra-
sound transducer and bias circuitry electrically coupled
with the transducer and configured to electrically bias the
transducer. The imaging device is coupled with a rotat-
able driveshaft and communicatively coupled with an im-
age processing system. The image processing system
is configured to output a transducer drive signal to the
transducer over a signal line located along the driveshaft
and supply charge to the bias circuitry over the same
signal line. Preferably, the transducer is CMUT capable
of fabrication in a semiconductor-based manufacturing
process. In one embodiment, the transducer is a CMUT
and is integrated with the bias circuitry on a common
semiconductor substrate. The bias circuitry can include
a charge pump for accumulating the bias voltage and
also charge limiting circuitry for controlling the bias volt-
age,

[0011] systems and methods described herein also
provide for an image processing system configured to



3 EP 1804 673 B1 4

operate an imaging device having bias circuitry. In one
example embodiment, the image processing system can
be configured to output a transducer drive signal during
afirsttime period, receive a transducer output signal dur-
ing a second time period and output a bias signal during
a third time period. The transducer drive signal can be
configured to cause a transducer within the imaging de-
vice to generate an ultrasound pulse. The transducer out-
put signal is preferably representative of an echo re-
ceived by the transducer. The bias signal can be config-
ured to provide electrical charge to bias circuitry coupled
with the transducer.

[0012] The systems and methods described herein al-
so provide for a method of ultrasound imaging with an
image processing system. In one example embodiment,
the method includes outputting a transducer drive signal
during a first time period, where the transducer drive sig-
nal is configured to cause a transducer to transmit an
ultrasound pulse. The method also includes receiving a
transducer output signal during a second time period fol-
lowing the first time period, where the transducer output
signal is representative of an echo received by the trans-
ducer, and outputting a bias signal during a third time
period following the second time period, where the bias
signal is configured to provide charge to bias circuitry. In
another example embodiment, the method can include
outputting a second bias signal during a fourth time period
prior to the first time period, where the second bias signal
output during the fourth time period is configured to ini-
tialize the bias circuitry. The fourth time period can also
be longer than the third time period.

[0013] Other systems and advantages of the invention
will be or will become apparent to one with skill in the art
upon examination of the following figures and detailed
description. Itisintended that all such additional systems,
methods, features and advantages be included within
this description, be within the scope of the invention, and
be protected by the accompanying claims. It is also in-
tended that the invention is not limited to require the de-
tails of the example embodiments.

BRIEF DESCRIPTION OF THE FIGURES

[0014] The details of the invention, including fabrica-
tion, structure and operation, may be gleaned in part by
study of the accompanying figures, in which like refer-
ence numerals refer to like segments.

FIG. 1is a schematic view depicting an example em-
bodiment of an IVUS imaging system.

FIG. 2 is a perspective view depicting another ex-
ample embodiment of an IVUS imaging system.
FIGs. 3A-B are cross-sectional views depicting an
example embodiment of a CMUT.

FIG. 4 is a block diagram depicting an example em-
bodiment of an IVUS imaging device.

FIG. 5 is a timing diagram depicting example output
signals from an image processing system.
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FIG. 6 is a flow diagram depicting a method of op-
erating an imaging device with an image processing
system.

DETAILED DESCRIPTION

[0015] The systems and methods described herein al-
low the application of a bias voltage to one or more trans-
ducers implemented within an imaging system. FIG. 1
depicts one example embodiment of an imaging system
100 having bias circuitry 102. Preferably, the imaging
system 100 is an IVUS imaging system. Here, an intra-
vascular medical device 104, such as a catheter and the
like, is communicatively coupled with an image process-
ing system 106. Catheter 104 is preferably configured to
image the interior of a living being, such as a body cham-
ber or body lumen and the like. Catheter 104 preferably
includes a rotatable driveshaft 108 with an imaging de-
vice 110 coupled thereto. In this embodiment, the imag-
ing device 110 is mounted on the distal end 111 of the
driveshaft 108. The catheter 104 also preferably includes
an elongate outer sheath (not shown) having an inner
lumen for slidably receiving the driveshaft 108 and im-
aging device 110.

[0016] To perform animaging procedure of, for exam-
ple, a blood vessel, the catheter 104 can be inserted into
the blood vessel and navigated into proximity with the
desired imaging location. Once in position, the driveshaft
108 is rotated and the imaging device 110 is used to
image the blood vessel by continuously transmitting ul-
trasound pulses and receiving echoes generated as the
ultrasound pulse travels through the vessel tissue. Im-
aging device 110 outputs an output signal representative
of the strength of the received echo over communication
channel 140 to image processing system 120, where the
signal can be processed and formed into an image of the
blood vessel and surrounding body tissue.

[0017] A coupling device 130 can be used to couple
the stationary image processing system 120 with the ro-
tatable driveshaft 108. In one embodiment, coupling de-
vice 130 is an inductive coupling configured to transfer
communication signals, such as the imaging device out-
put signal and the transducer drive signal, between im-
age processing system 120 and communication channel
140.

[0018] In this embodiment, the imaging device 110 in-
cludes one or more transducers 101 requiring a bias volt-
age for operation, such as a CMUT and the like. The
imaging device 101 can operate with a single transducer
101 or with a transducer array having multiple transduc-
ers 101. Each transducer 101 is preferably fabricated
using a semiconductor-based manufacturing technique,
although any fabrication technique canbe used. Forease
of discussion, the transducer 101 will be described herein
as a CMUT; however, one of skill in the art will readily
recognize that the systems and methods described here-
in can be used with any transducer 101 requiring a bias
voltage, such as other types of micromachined ultra-
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sound transducers (MUTs) and the like. Accordingly, the
systems and methods are not limited solely to the use of
CMUT devices.

[0019] The imaging device 110 also includes bias cir-
cuitry 102 for applying a DC voltage bias to the CMUT
101. Preferably, the CMUT 101 and bias circuitry 102 are
integrated together. FIG. 2 is a perspective view deplot-
ing a CMUT array 202 integrated with bias circuitry 102
on a common semiconductor substrate 204, such as Sil-
icon, Gallium Arsenide (GaAs) and the like. The integrat-
ed CMUT array 202 and bias circuitry 102 are located
within housing 208 and mounted on the distal end 111
of driveshaft 108. Housing 208 preferably includes an
imaging window 210, which can be either an open portion
of the housing 208 or a window formed from a material
that does not significantly impede the transmission or
reception of ultrasound signals. Although not depicted
here, the integrated CMUT array 202 and bias circuitry
102 can be packaged using any desired packaging tech-
nique in order to provide protection, ease of mounting
within housing 208 or for any other desired purpose.
[0020] As mentioned above, CMUTs 101 are typically
fabricated using semiconductor-based manufacturing
processes on a semiconductor substrate 204. Prefera-
bly, the bias circuitry 102 is integrally fabricated on the
same substrate 204 as the CMUT 101. CMUT 101 and
bias circuitry 102 can be fabricated using the same proc-
ess flow or in different process flows. In embodiments
having a CMUT array 202, bias circuitry 101 can be con-
figured to bias each individual CMUT 101 in the array
202 or multiple bias circuits 101 can be provided to bias
each CMUT separately. The integration of bias circuitry
102 with CMUT 101 allows for improved performance of
the imaging device 110 while at the same time making
fabrication of the imaging device easier and less costly.
Although integration of CMUT 101 and bias circuitry 102
on common substrate 204 is preferred, it should be un-
derstood that the systems and methods described herein
are not limited to such. For instance, CMUT 101 and bias
circuitry 102 can be fabricated as discrete components
and packaged together, or fabricated and packaged dis-
cretely. Furthermore, CMUT 101 and bias circuitry 102
are not required to be housed together within housing
208, and in fact can be positioned in any desired location
within catheter 104.

[0021] FIGs. 3A-B are cross-sectional views depicting
an example embodimentofa CMUT 101. FIG. 3A depicts
anunbiased CMUT 101 having a flexible upper electrode
302 suspended over a lower electrode 304 both of which
are fabricated on substrate 204. The flexible upper elec-
trode 302 is also referred to in some contexts as a "drum-
head." Located between electrodes 302 and 304 is an
insulator layer 306, composed of an insulating material
such as silicon oxide or the like. Preferably, upper elec-
trode 302 and lower electrode 304 are separated by a
gap 308. Upper electrode 302 can completely encase
gap 308 on all sides, in which case gap 308 is preferably
a vacuum.
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[0022] FIG. 3B depicts CMUT 101 after a DC bias volt-
age 310 is applied across electrodes 302 and 304. DC
bias voltage 310 builds a capacitive charge on the elec-
trodes 302 and 304 causing upper electrode 302 to flex,
or deflect, downwards towards lower electrode 304 in
direction 312. The application of a drive signal, such as
an electrical pulse or an AC signal, to the biased CMUT
101 modulates the degree of deflection of upper elec-
trode 302 causing the generation of an ultrasound pulse,
which can be used to image body tissue. Conversely,
when an ultrasound pulse, such as a received echo, im-
pacts the biased CMUT 101, an electrical pulse corre-
sponding to the strength of the received echo is gener-
ated. In this manner, CMUT 101 can be used to transmit
and receive ultrasound signals in IVUS imaging system
100.

[0023] The actual DC bias voltage 310 and drive signal
levels are dependent on the needs of the application and
the characteristics of each CMUT 101. In general, alarger
DC bias voltage 310 will translate into the generation of
a stronger ultrasound pulse. In addition, the bias voltage
310 can also be a factor in determining the frequency of
the generated ultrasound pulse. In some applications,
the DC bias voltage 310 can be approximately 100-150
volts, while the drive signal level can be 75 volts or more.
It should be understood that these values are provided
solely as examples and any signal levels can be used as
desired.

[0024] The design and fabrication of CMUT devices is
discussed further in Percin, G. and B. Khuri-Yakub, Pie-
zoelectrically actuated flextensional micromachined ul-
trasound transducers, Ultrasonics, 2002. 40(1-8): p.
441-8, Percin, G. and B. Khuri-Yakub, Piezoelectrically
actuated flextensional micromachined ultrasound trans-
ducers--ll:fabrication and experiments, IEEE Trans Ul-
trason Ferroelectr Freq Control, 2002. 49(5): p. 585-95
and Percin, G. and B. Khuri-Yakub, Piezoelectrically ac-
tuated flextensional micromachined ultrasound trans-
ducers-I: theory, IEEE Trans Ultrason Ferroelectr Freq
Control, 2002. 49(5): p. 573-84, each of which is fully
incorporated by reference herein.

[0025] FIG. 4 depicts another example embodiment of
imaging device 110. In this embodiment, imaging device
110 includes CMUT array 202, bias circuitry 102 and rec-
tification circuit 402, all of which are preferably integrated
on common substrate 204. Bias circuitry 102 includes a
signal blocking circuit 404 and a charge pump 406 con-
figured to apply the DC bias voltage 310 to the array 202.
A bias signal is preferably transmitted along communi-
cation channel 140 to supply charge to charge pump 404
and generate the DC bias voltage level 310 necessary
to properly bias the CMUTs 101 within array 202. The
design and implementation of charge pumps are well
known to those of skill in the art and any type of charge
pump can be used. The charge pump preferably includes
a charge storage unit, such as a switched capacitor bank
and the like. Furthermore, DC bias circuitry 102 can be
any circuitry configured to control and apply a DC bias
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voltage including, but not limited to, a charge pump 404.
[0026] In embodiments where coupling device 130 us-
es an inductive or other non-physical electrical coupling
to transfer AC signals between image processing system
120 and imaging device 110, the bias signal is preferably
a series of DC pulses that appear as an AC signal to the
coupling device 130. In embodiments where coupling de-
vice 130 uses a physical coupling, such as a brush/con-
tact combination, the bias signal can be a pure DC signal
if desired.

[0027] Redctification circuit 402 can be used to isolate
the charge built up within imaging device 110. Because
system 100 can be used primarily for medical imaging
within living beings, rectification circuit 402 guards
against the risk of electrical shock or other hazards to
the patient or the circuitry of system 100. Specifically,
rectification 402 can be used to block or prevent signals,
such as the charge in charge pump 406 or array 202,
from propagating onto communication channel 140. Any
type of rectification circuitry can be used, such as one or
more diodes and the like. Signal blocking circuit 404 can
be used to block the CMUT drive signal from propagating
to charge pump 406. One of skill in the art will readily
recognize that FIG. 4 depicts one of many possible dif-
ferent circuit layouts for imaging device 110 and, accord-
ingly, the systems and methods described herein are not
limited to any one layout or circuit design.

[0028] Communication channel 140 can include any
number of signal lines or transmission lines as needed.
For example, communication channel can include a
ground signal line, a CMUT drive signal line and a bias
circuitry bias signal line. However, because system 100
is preferably used for intravascular applications, the width
of catheter 104 can be a limiting factor preventing ad-
vancement through narrow vasculature. Thus, because
each additional signal line generally adds width to the
driveshaft 108, even if the driveshaft 108 itself is used
as a signal line, the number of signal lines used in com-
munication channel 140 is preferably minimized. Typical
IVUS imaging systems use a communication channel
140 that includes two signal lines which can be used to
transfer single-ended or differential signals.

[0029] In order to use two signal lines to transfer the
transducer drive signal, the bias signal and the transduc-
er output signal, the systems and methods described
herein use a segmented timing regime. FIG. 5 is a timing
diagram depicting the signals outputfrom image process-
ing system 120 according to one example embodiment
of the segmented timing regime. In this embodiment, im-
aging device 110 is rotated to image a cross-section of
the body lumen. The transmission of an ultrasound pulse
followed by the reception of the resulting echo signals is
referred to herein as an imaging cycle. System 100 can
be configured to perform a predetermined number of im-
aging cycles for every rotation, with each imaging cycle
being performed at a separate angular location, or range
of angular locations. For instance, in one embodiment,
imaging device 110 performs 360 imaging cycles in each
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rotation, with one imaging cycle being performed at an
angular location located one degree apart.

[0030] Preferably, imaging device 110 is rotated at a
rate such that the time required to perform an imaging
cycle is less than the time required to rotate the imaging
device 110 from one angular location to the next. For
example, in FIG. 5, at time T, the imaging device 110 is
at a first angular location and at time T, the imaging de-
vice 110 has been rotated to a second angular position.
The imaging cycle for the first angular location occurs
between times T, and T,. More specifically, the CMUT
drive signal 502 is transmitted from image processing
system 120 to the array 202 from time T to time T, in
order to cause each individual CMUT 101 to transmit an
ultrasound pulse. From time T, to time T,, image
processing system 120 is in a receiving period 502 await-
ing any output signals generated by the array 202 in re-
sponse to received echoes. This leaves the remaining
time from T, to T, unused in any imaging cycle.

[0031] During the time from T, to T;, the image
processing system 120 preferably transmits the bias sig-
nal 504 to bias circuitry 102. At time T,, the image
processing system 120 transmits another drive signal
501 to initiate the imaging cycle at the next angular loca-
tion. In one example embodiment, the time period from
Ty to T4 is 130 microseconds, with the time period from
T, to T4 being approximately 50 nanoseconds, the time
period from T4 to T, being approximately 20 microsec-
onds and the time period from T, to T, being approxi-
mately 100 microseconds. These times are included as
examples only and in no way limit the systems and meth-
ods described herein.

[0032] Biascircuitry 102 can use the bias signal to gen-
erate the required DC bias voltage 310. The amplitude
of the bias signal 504 is preferably lower than the CMUT
101 excitement threshold where the CMUT 101 produces
an ultrasound pulse. In some applications, small ultra-
sound pulses may be tolerable if, for instance, the small
ultrasound pulse does not interfere with the subsequent
imaging cycle. The term "excitement threshold" as used
herein, refers to the signal level which causes one or
more transducers to generate ultrasound pulses atalevel
sufficient to interfere with an imaging cycle. In one em-
bodiment, the excitement threshold can be 75 volts and
the bias signal 504 is maintained at 70 volts, while the
drive signal 501 is 125 volts. These values are solely for
example and in no way limit the systems and methods
described herein. As mentioned above, the bias signal
can be a series of DC pulses instead of a continuous DC
pulse in order to propagate through coupling device 130,
if needed. Also, it should be understood that any wave-
forms can be used for drive signal 501 and bias signal
504.

[0033] The generation of bias signal 504 and drive sig-
nal 501, as well as the proper timing for doing so, can be
controlled by the image processing system 120. Prefer-
ably, the bias circuitry 102 is configured to limit the charge
build up so that the bias signal 504 does not cause bias
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circuitry 102 to apply a DC bias voltage 310 that is too
high. This can be performed through charge limiting cir-
cuitry well known to those of skill in the art. Also, in certain
applications, multiple charging cycles may be needed
before bias circuitry 102 can apply the proper DC bias
voltage 310. Alternatively, in another embodiment the
image processing system 120 can be configured to out-
put the bias signal prior to the commencement ofimaging
in order to charge up, or initialize, the bias circuitry 102.
In this embodiment, the length of the initialization period
can be as long as needed to charge the bias circuitry
102. Preferably, the bias circuitry 102 is designed to be
low leakage so that once the proper DC bias voltage 310
is reached, minimal subsequent charging is needed.
[0034] FIG. 6 is a flow chart depicting a method 600 of
operating the imaging device 110 with an image process-
ing system 120 in an embodiment where communication
channel 140 has only two signal lines available. At 604,
the imaging device 110 is rotated to a first angular loca-
tion. At 606, the image processing system 120 outputs
a transducer drive signal 501 during a first time period to
cause one ormore CMUTs 101 togenerate an ultrasound
pulse. At 608, the image processing system 120 listens
for any transducer output signals representative of the
strength of an echo received by any CMUT 101 during a
second time period. At610, the image processing system
120 outputs a bias signal 504 during a third time period
to charge the bias circuitry 102.

[0035] In addition, method 600 can also include an op-
tionalinitialization process, referenced as 602, where the
image processing system 120 can output bias signal 504
during a fourth time period, preferably in order to initialize
the bias circuitry 102. Then, the method returns to step
604 and rotates to the next angular position and repeats
steps 606-610. This process continues until imaging at
all of the desired angular locations has taken place. The
rotation of imaging device is preferably continuous but
performed at such a rate where the rotation that occurs
during the imaging cycle is negligible for the needs of the
application.

[0036] Inthe foregoing specification, the invention has
been described with reference to specific embodiments
thereof. It will, however, be evident that various modifi-
cations and changes may be made thereto without de-
parting from the scope of the invention as defined in the
claims. For example, each feature of one embodiment
can be mixed and matched with other features shown in
other embodiments, and the sequence of steps shown
in a flowchart may be changed. Features and processes
known to those of ordinary skill may similarly be incor-
porated as desired. Additionally and obviously, features
may be added or subtracted as desired". Accordingly,
the invention is not to be restricted except in light of the
attached claims and their equivalents.
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Claims
1. A medical imaging system, comprising:

an imaging device (110) insertable into a living
being and configured to image the interior of the
living being, the imaging device comprising:

an ultrasound transducer (101, 202); and
bias circuitry (102) electrically coupled with
the ultrasound transducer (101, 202) and
configured to electrically bias the ultrasound
transducer; the imaging system further
comprising

a rotatable driveshaft (108) coupled to
the imaging device (110); and

an image processing system (120)
communicatively coupled with the im-
aging device (110), the image process-
ing system (120) configured to output
a transducer drive signal to the ultra-
sound transducer (101, 202) over a sig-
nal line located along the driveshaft
(108),

characterized in that: the image processing system
is coupled with the imaging device with an inductive
coupling, and the image processing system is con-
figured to provide charge to the bias circuitry (102)
over the signal line.

2. The system of claim 1, wherein the transducer (101,
202) includes a micromachined ultrasound transduc-
er (MUT).

3. The system of claim 2, wherein the transducer (101,
202) includes a capacitive micromachined ultra-
sound transducer (CMUT).

4. The system of claim 3, wherein the bias circuitry

(102) is integrated with the CMUT (101, 202) on a
common substrate (204).

5. The system of claim 4, wherein the substrate (204)
is a semiconductor substrate.

6. The system of claim 1, wherein the bias circuitry
(102) comprises a charge pump (406).

7. The system of claim 6, wherein the imaging device
(101) comprises rectification circuitry (402).

8. The system of claim 1, wherein the bias circuitry
(102) is configured to control the bias voltage.

9. The system of claim 8, wherein the bias circuitry
(102) comprises charge limiting circuitry configured
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15.
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to control the bias voltage.

The system of claim 4, wherein the transducer is one
of a plurality of transducers within a transducer array.

The system of claim 1, wherein

the image processing system (120) is configured to
output a transducer drive signal (501) during a first
time period, receive an echo signal during a second
time period (502) and output a bias signal (504) dur-
ing a third time period; and

wherein the transducer drive signal is configured to
cause the ultrasound transducer (101,202) to gen-
erate an ultrasound pulse, the echo signal is repre-
sentative of an echo received by the ultrasound
transducer and the bias signal (504) is configured to
provide electrical charge to the bias circuitry (102).

The system of claim 11, wherein the bias signal is a
DC signal.

The system of claim 12, wherein the bias signal is a
series of DC pulses.

The system of claim 13, wherein the amplitude of
the bias signal is below an excitement threshold for
the transducer.

The system of claim 11, wherein the image process-
ing (120) system is further configured to output the
bias signal during a fourth time period, longer than
the third time period and prior to the first time period.

The system of claim 15, wherein the bias signal out-
put during the fourth time period is configured to in-
itialize the charge pump (406).

Patentanspriiche

1.

Medizinisches Abbildungssystem, welches auf-
weist:

eine Abbildungsvorrichtung (110), die in ein le-
bendes Wesen einfiihrbar und ausgebildet ist,
das Innere des lebenden Wesens abzubilden,
welche Abbildungsvorrichtung aufweist:

einen Ultraschallwandler (101, 202); und
eine Vorspannschaltung (102), die elek-
trisch mit dem Ultraschallwandler (101,
202) gekoppelt und ausgebildet ist, den Ul-
traschallwandler elektrisch vorzuspannen;
welches Abbildungssystem weiterhin auf-
weist:

eine drehbare Antriebswelle (108), die
mit der Abbildungsvorrichtung (110)
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10.

1.

gekoppelt ist, und

ein Bildverarbeitungssystem (120), das
kommunikativ mit der Abbildungsvor-
richtung (110) gekoppelt ist, welches
Bildverarbeitungssystem (120) ausge-
bildet ist zum Ausgeben eines Wand-
lertreibersignals zu dem Ultraschall-
wandler (101, 202) tber eine Signallei-
tung, die entlang der Antriebswelle
(108) angeordnet ist,

dadurch gekennzeichnet, dass:

das Bildverarbeitungssystem mit der Abbil-
dungsvorrichtung durch eine induktive Kopp-
lung gekoppelt ist, und das Bildverarbeitungs-
system ausgebildet ist zum Liefern von Ladung
zu der Vorspannschaltung (102) Uber die Si-
gnalleitung.

System nach Anspruch 1, beidem der Wandler (101,
202) einen mikrobearbeiteten Ultraschallwandler
(MUT) enthalt.

System nach Anspruch 2, beidem der Wandler (101,
202) einen kapazitiven mikrobearbeiteten Ultra-
schallwandler (CMUT) enthalt.

System nach Anspruch 3, bei dem die Vorspann-
schaltung (102) mitdem CMUT (101, 202) auf einem
gemeinsamen Substrat (204) integriert ist.

System nach Anspruch 4, bei dem das Substrat
(204) ein Halbleitersubstrat ist.

System nach Anspruch 1, bei dem die Vorspann-
schaltung (102) eine Ladungspumpe (406) aufweist.

System nach Anspruch 6, bei dem die Abbildungs-
vorrichtung (101) eine Gleichrichtschaltung (402)
aufweist.

System nach Anspruch 1, bei dem Vorspannschal-
tung (102) ausgebildet ist zum Steuern der Vorspan-
nung.

System nach Anspruch 8, bei dem die Vorspann-
schaltung (102) eine Ladungsbegrenzungsschal-
tung aufweist, die zum Steuern der Vorspannung
ausgebildet ist.

System nach Anspruch 4, bei dem der Wandler einer
von mehreren Wandlern innerhalb eines Wandler-
feldes ist.

System nach Anspruch 1, bei dem
das Bildverarbeitungssystem (120) ausgebildet ist
zum Ausgeben eines Wandlertreibersignals (501)
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wahrend einer ersten Zeitperiode, Empfangen eines
Echosignals wahrend einer zweiten Zeitperiode
(502) und Ausgeben eines Vorspannsignals (504)
wahrend einer dritten Zeitperiode; und

bei dem das Wandlertreibersignal ausgebildet ist
zum Bewirken, dass der Ultraschallwandler (101,
202) einen Ultraschallimpuls erzeugt, wobei das
Echosignal reprasentativ fiir ein durch den Ultra-
schallwandler empfangenes Echo ist und das Vor-
spannsignal (504) ausgebildet ist, elektrische La-
dung zu der Vorspannschaltung (102) zu liefern.

System nach Anspruch 11, bei dem das Vorspann-
signal ein Gleichstromsignal ist.

System nach Anspruch 12, bei dem das Vorspann-
signal eine Reihe von Gleichstromimpulsen ist.

System nach Anspruch 13, bei dem die Amplitude
des Vorspannsignals unterhalb einer Erregungs-
schwelle fir den Wandler ist.

System nach Anspruch 11, bei dem das Bildverar-
beitungssystem (120) weiterhin ausgebildet ist zum
Ausgeben des Vorspannsignals wahrend einer vier-
ten Zeitperiode, die langer als die dritte Zeitperiode
ist und vor der ersten Zeitperiode liegt.

System nach Anspruch 15, bei dem das wahrend
der vierten Zeitperiode ausgegebene Vorspannsi-
gnal ausgebildet ist zum Initialisieren der Ladungs-
pumpe (406).

Revendications

1.

Systeme d’imagerie médicale comprenant :

undispositif d'imagerie (110) qui peut étre inséré
a l'intérieur d’un étre vivant et qui est configuré
pour imager l'intérieur de I'étre vivant, le dispo-
sitif d’'imagerie comprenant :

un transducteur a ultrasons (101, 202) ; et
un circuit de polarisation (102) couplé élec-
triquement au transducteur a ultrasons
(101, 202) et configuré pour polariser élec-
triquement le transducteur a ultrasons, le
dispositif d'imagerie comprenant en outre :

un arbre d’entrainement pouvant tour-
ner (108) couplé au dispositif d'image-
rie (110) ; et

un systéme de traitement d'image
(120) couplé en communication au dis-
positif d'imagerie (110), le systéeme de
traitement d'image (120) étant configu-
ré pour émettre en sortie un signal de
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10.

1.

pilotage de transducteur sur le trans-
ducteur a ultrasons (101, 202) sur une
ligne de signal localisée le long de I'ar-
bre d’entrainement (108),

caractérisé en ce que le systtme de traitement
d’'image est couplé au dispositif d'imagerie selon un
couplage inductif et le systéme de traitement d’ima-
ge est configuré pour appliquer une charge sur le
circuit de polarisation (102) sur la ligne de signal.

Systéme selon la revendication 1, dans lequel le
transducteur (101, 202) inclut un transducteur a ul-
trasons micro-usiné (MUT).

Systéme selon la revendication 2, dans lequel le
transducteur (101, 202) inclut un transducteur a ul-
trasons micro-usiné capacitif (CMUT).

Systéme selon la revendication 3, dans lequel le cir-
cuit de polarisation (102) est intégré avec le CMUT
(101, 202) sur un substrat commun (204).

Systéme selon la revendication 4, dans lequel le
substrat (204) est un substrat semiconducteur.

Systéme selon la revendication 1, dans lequel le cir-
cuit de polarisation (102) comprend une pompe de
charge (406).

Systéme selon la revendication 6, dans lequel le dis-
positif d'imagerie (101) comprend un circuit de re-
dressement (402).

Systéme selon la revendication 1, dans lequel le cir-
cuit de polarisation (102) est configuré pour com-
mander la tension de polarisation.

Systéme selon la revendication 8, dans lequel le cir-
cuit de polarisation (102) comprend un circuit de li-
mitation de charge configuré pour commander la ten-
sion de polarisation.

Systéme selon la revendication 4, dans lequel le
transducteur est'un d’'une pluralité de transducteurs
a l'intérieur d’'un réseau de transducteurs.

Systéme selon la revendication 1, dans lequel :

le systéme de traitement d’'image (120) est con-
figuré pour émettre en sortie un signal de pilo-
tage de transducteur (501) pendant une premié-
re période temporelle, pour recevoir un signal
d’écho pendant une seconde période temporel-
le (502) et pour émettre en sortie un signal de
polarisation (504) pendant une troisieme pério-
de temporelle ; et dans lequel

le signal de pilotage de transducteur est confi-
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guré pour faire en sorte que le transducteur a
ultrasons (101, 202) génére une impulsion ul-
trasonore, le signal d’écho estreprésentatifd’'un
écho regu par le transducteur a ultrasons et le
signal de polarisation (504) est configuré pour
appliquer une charge électrique sur le circuit de
polarisation (102).

Systeme selon la revendication 11, dans lequel le
signal de polarisation est un signal DC.

Systeme selon la revendication 12, dans lequel le
signal de polarisation est une série d'impulsions DC.

Systeme selon larevendication 13, dans lequel I'am-
plitude du signal de polarisation est au-dessous d’un
seuil d’excitation pour le transducteur.

Systeme selon la revendication 11, dans lequel le
systéeme de traitement d'image (120) est en outre
configuré pour émettre en sortie le signal de polari-
sation pendant une quatrieme période temporelle
plus longue que la troisieme période temporelle et
avant la premiére période temporelle.

Systeme selon la revendication 15, dans lequel le
signal de polarisation émis en sortie pendant la qua-
trieme période temporelle est configuré pour initiali-
ser la pompe de charge (406).
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The image processing system 120 outputs bias signal 504
602

during a fourth time period in order to initialize the bias
circuitry 102

The imaging. device 110 is rotated to an angular location ———604

|

The image processing system 120 outputs a transducer drive

signal 501 during a first time period to cause one or more — 606

CMUTs 101 to generate an ultrasound pulse

The image processing system 120 listens for any transducer

output signals representative of the strength of an echo received ——608

by any CMUT 101 during a second time period

\

The image processing system 120 outputs a bias signal 504
during a third time period to charge the bias circuitry 102

\\600
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