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(57) ABSTRACT

A medical imaging system includes an imaging device for
inserting into a lumen of a catheter. The imaging device
includes an ultrasound transducer and bias circuitry electri-
cally coupled to the transducer for biasing the transducer. At
least one communication line is coupled to both the ultra-
sound transducer and the bias circuitry and extends to a proxi-
mal end of the catheter. The at least one communication line
transmits a transducer drive signal to the transducer and a
charge signal to the bias circuitry. At least one inductive
coupler is in communication with the at least one communi-
cation line. The transducer drive signal and the charge signal
are both AC signals. The transducer drive signal has a trans-
ducer-drive-signal frequency and the charge signal has a
charge-signal frequency that is different than the transducer-
drive-signal frequency.
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ULTRASOUND IMAGING SYSTEMS WITH
BIAS CIRCUITRY AND METHODS OF
MAKING AND USING

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit under 35 U.S.C.
§119(e) of U.S. Provisional Patent Application Ser. No.
61/538,007 filed on Sept. 22, 2011, which is incorporated
herein by reference.

TECHNICAL FIELD

[0002] Thepresent invention is directed to the area of imag-
ing systems insertable into patients and methods of making
and using the imaging systems. The present invention is also
directed to imaging systems with bias circuitry for electri-
cally biasing one or more transducers, as well as methods of
making and using the bias circuitry, the one or more trans-
ducers, and the imaging systems.

BACKGROUND

[0003] Ultrasound devices insertable into patients have
proven diagnostic capabilities for a variety of diseases and
disorders. For example, intravascular ultrasound (“IVUS”)
imaging systems have been used as an imaging modality for
diagnosing blocked blood vessels and providing information
to aid medical practitioners in selecting and placing stents and
other devices to restore orincrease blood flow. IVUS imaging
systems have been used to diagnose atheromatous plaque
build-up at particular locations within blood vessels. IVUS
imaging systems can be used to determine the existence of an
intravascular obstruction or stenosis, as well as the nature and
degree of the obstruction or stenosis. IVUS imaging systems
can be used to visualize segments of a vascular system that
may be difficult to visualize using other intravascular imaging
techniques, such as angiography, due to, for example, move-
ment (e.g., a beating heart) or obstruction by one or more
structures (e.g., one or more blood vessels not desired to be
imaged). IVUS imaging systems can be used to monitor or
assess ongoing intravascular treatments, such as angiography
and stent placement in real (or almost real) time. Moreover,
IVUS imaging systems can be used to monitor one or more
heart chambers.

[0004] IVUS imaging systems have been developed to pro-
vide a diagnostic tool for visualizing a variety of diseases or
disorders. An IVUS imaging system can include a control
module (with a pulse generator, an image processor, and a
monitor), a catheter, and one or more transducers disposed in
the catheter. The transducer-containing catheter can be posi-
tioned ina lumen or cavity within, or in proximity to, a region
to be imaged, such as a blood vessel wall or patient tissue in
proximity to a blood vessel wall. The pulse generator in the
control module generates electrical pulses that are delivered
to the one or more transducers and transformed to acoustic
pulses that are transmitted through patient tissue. Reflected
pulses of the transmitted acoustic pulses are absorbed by the
one or more transducers and transformed to electric pulses.
The transformed electric pulses are delivered to the image
processor and converted to an image displayable on the moni-
tor.
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BRIEF SUMMARY

[0005] In one embodiment, a medical imaging system
includes a catheter configured and arranged for insertion into
an intravascular portion of a living being. The catheter has a
distal end and a proximal end. An imaging device is config-
ured and arranged for insertion into a lumen defined in the
catheter. The imaging device is configured and arranged for
imaging interior portions of the living being. The imaging
device includes at least one ultrasound transducer and bias
circuitry electrically coupled to the at least one transducer.
The bias circuitry is configured and arranged to electrically
bias the at least one transducer. At least one communication
line is coupled to both the at least one ultrasound transducer
and the bias circuitry and extends to the proximal end of the
catheter. The at least one communication line is configured
and arranged for transmitting a transducer drive signal to the
at least one transducer, and also for transmitting a charge
signal to the bias circuitry. At least one inductive coupler is in
communication with the at least one communication line. The
transducer drive signal and the charge signal are both AC
signals. The transducer drive signal has a transducer-drive-
signal frequency and the charge signal has a charge-signal
frequency that is different than the transducer-drive-signal
frequency.

[0006] In another embodiment, a medical imaging system
includes a catheter configured and arranged for insertion into
an intravascular portion of a living being. The catheter has a
distal end and a proximal end. An imaging device is config-
ured and arranged for insertion into a lumen defined in the
catheter. The imaging device is configured and arranged for
imaging interior portions of the living being. The imaging
device includes at least one ultrasound transducer and bias
circuitry electrically coupled to the at least one transducer.
The bias circuitry is configured and arranged to electrically
bias the at least one transducer. A control module is commu-
nicatively coupled with the imaging device. The control mod-
ule is configured and arranged to generate a transducer drive
signal and a charge signal. At least one communication line
couples the control module to both the at least one ultrasound
transducer and the bias circuitry. The at least one communi-
cation line is configured and arranged for transmitting the
transducer drive signal and the charge signal to the imaging
device. The transducer drive signal and the charge signal are
both AC signals. A first rotating transformer is disposed
between the control module and the at least one communica-
tion line. The first rotating transformer is configured and
arranged to receive the transducer drive signal. A second
rotating transformer is disposed between the control module
and the at least one communication line. The second rotating
transformer is configured and arranged to receive the charge
signal.

[0007] Inyetanother embodiment, a method of intravascu-
lar ultrasound imaging with an image processing system
includes transmitting an AC transducer drive signal from a
pulse generator to at least one transducer. The AC transducer
drive signal includes a plurality of frequencies within an
imaging frequency band. The transducer drive signal is con-
figured and arranged to cause the at least one transducer to
transmit an acoustic signal. An AC charge signal is transmit-
ted from the pulse generator to bias circuitry communica-
tively coupled to the at least one transducer. The AC charge
signal includes a charge-signal frequency that does not over-
lap with the imaging band frequencies. The AC charge signal
is converted to a DC charge signal. The DC charge signal is
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stored in a charge pump. A bias signal is transmitted to the at
least one transducer. The bias signal is formed from the stored
DC charge signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Non-limiting and non-exhaustive embodiments of
the present invention are described with reference to the fol-
lowing drawings. In the drawings, like reference numerals
refer to like parts throughout the various figures unless oth-
erwise specified.

[0009] For a better understanding of the present invention,
reference will be made to the following Detailed Description,
which is to be read in association with the accompanying
drawings, wherein:

[0010] FIG.1is a schematic view of one embodiment of an
imaging system suitable for insertion into a patient, the imag-
ing system including a catheter and a control module, accord-
ing to the invention;

[0011] FIG. 2 is a schematic side view of one embodiment
of the catheter of FIG. 1, according to the invention;,

[0012] FIG. 3 is a schematic longitudinal cross-sectional
view of one embodiment of a distal end of the catheter of FIG.
1 with an imaging device and a driveshaft disposed in a lumen
of the catheter, according to the invention;

[0013] FIG. 4 is a schematic view of another embodiment
of the imaging system of FIG. 1, the imaging system includ-
ing a coupling element and an imaging device with bias
circuitry, according to the invention;

[0014] FIG. 5 is a schematic close-up view of one embodi-
ment of the imaging device of FIG. 4, according to the inven-
tion;

[0015] FIG. 6 is one embodiment of an exemplary timing
diagram depicting signals being output from the control mod-
ule of FIG. 4 to the imaging device of FIG. 4 over time,
according to the invention;

[0016] FIG. 7 is an electrical circuit diagram illustrating
one embodiment of an electrical circuit suitable for use with
the imaging system of FIG. 4, according to the invention;
[0017] FIGS. 8A-8B are an electrical circuit diagram illus-
trating another embodiment of an electrical circuit suitable
for use with the imaging system of FIG. 4, according to the
invention;

[0018] FIG. 9 is a schematic view of another embodiment
of the imaging system of FIG. 4, the imaging system includ-
ing a flyback circuit, according to the invention; and

[0019] FIG. 10 is a schematic view of yet another embodi-
ment of the imaging system of FIG. 4, the imaging system
including a magnetic transformer, according to the invention.

DETAILED DESCRIPTION

[0020] Thepresent invention is directed to the area of imag-
ing systems insertable into patients and methods of making
and using the imaging systems. The present invention is also
directed to imaging systems with bias circuitry for electri-
cally biasing one or more transducers, as well as methods of
making and using the bias circuitry, the one or more trans-
ducers, and the imaging systems.

[0021] Suitable intravascular ultrasound (“IVUS”) imag-
ing systems include, but are not limited to, one or more
transducers disposed on a distal end of a catheter configured
and arranged for percutaneous insertion into a patient.
Examples of IVUS imaging systems with catheters are found
in, for example, U.S. Pat. Nos. 7,246,959; 7,306,561; and
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6,945,938 as well as U.S. Patent Application Publication
Nos. 2006/0100522; 2006/0106320; 2006/0173350; 2006/
0253028; 2007/0016054; and 2007/0038111; all of which are
incorporated herein by reference.

[0022] FIG. 1illustrates schematically one embodiment of
an IVUS imaging system 100. The IVUS imaging system 100
includes a catheter 102 that is coupleable to a control module
104. The control module 104 may include, for example, a
processor 106, a pulse generator 108, adrive unit 110, and one
or more displays 112. In at least some embodiments, the pulse
generator 108 forms electric pulses that may be input to one or
more transducers (312 in FIG. 3) disposed in the catheter 102.
[0023] In at least some embodiments, mechanical energy
from the drive unit 110 may be used to drive an imaging core
(306 in FIG. 3) disposed in the catheter 102. In at least some
embodiments, electric signals transmitted from the one or
more transducers (312 in FIG. 3) may be input to the proces-
sor 106 for processing. In at least some embodiments, the
processed electric signals from the one or more transducers
(3121in FIG. 3) can be displayed as one or more images on the
one or more displays 112. For example, a scan converter can
be used to map scan line samples (e.g., radial scan line
samples, or the like) to a two-dimensional Cartesian grid to
display the one or more images on the one or more displays
112.

[0024] In at least some embodiments, the processor 106
may also be used to control the functioning of one or more of
the other components of the control module 104. For
example, the processor 106 may be used to control at least one
of the frequency or duration of the electrical pulses transmit-
ted from the pulse generator 108, the rotation rate of the
imaging core (306 in FIG. 3) by the drive unit 110, the
velocity or length of the pullback of the imaging core (306 in
FIG. 3) by the drive unit 110, or one or more properties of one
or more images formed on the one or more displays 112.
[0025] FIG. 2 is a schematic side view of one embodiment
of the catheter 102 of the IVUS imaging system (100 in FIG.
1). The catheter 102 includes an elongated member 202 and a
hub 204. The elongated member 202 includes a proximal end
206 and a distal end 208. In FIG. 2, the proximal end 206 of
the elongated member 202 is coupled to the catheter hub 204
and the distal end 208 of the elongated member is configured
and arranged for percutaneous insertion into a patient.
Optionally, the catheter 102 may define at least one flush port,
such as flush port 210. The flush port 210 may be defined in
the hub 204. The hub 204 may be configured and arranged to
couple to the control module (104 in F1G. 1). In some embodi-
ments, the elongated member 202 and the hub 204 are formed
as a unitary body. In other embodiments, the elongated mem-
ber 202 and the catheter hub 204 are formed separately and
subsequently assembled together.

[0026] FIG. 3 is a schematic perspective view of one
embodiment of the distal end 208 of the elongated member
202 of the catheter 102. The elongated member 202 includes
asheath 302 with a longitudinal axis 303 and a lumen 304. An
imaging core 306 is disposed in the lumen 304. The imaging
core 306 includes an imaging device 308 disposed in the
catheter 102. In at least some embodiments, the imaging
device 308 is coupled to a distal end of a driveshaft 310 (e.g,,
a rotatable driveshaft, or a non-rotatable driveshaft). One or
more transducers 312 may be mounted to the imaging device
308 and employed to transmit and receive acoustic signals.
The sheath 302 may be formed from any flexible, biocompat-
ible material suitable for insertion into a patient. Examples of
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suitable materials include, for example, polyethylene, poly-
urethane, plastic, spiral-cut stainless steel, nitinol hypotube,
and the like or combinations thereof.

[0027] Inapreferred embodiment (as shown in FIG. 3), an
array of transducers 312 is mounted to the imaging device
308. In alternate embodiments, a single transducer may be
employed. Any suitable number of transducers 312 can be
used. For example, there can be two, three, four, five, six,
seven, eight, nine, ten, twelve, fifteen, sixteen, twenty,
twenty-five, fifty, one hundred, five hundred, one thousand, or
more transducers. As will be recognized, other numbers of
transducers may also be used. When a plurality of transducers
312 are employed, the transducers 312 can be configured into
any suitable arrangement including, for example, an annular
arrangement, a rectangular arrangement, or the like.

[0028] The one or more transducers 312 may be formed
from one or more known materials capable of transforming
applied electrical pulses to pressure distortions on the surface
of the one or more transducers 312, and vice versa. Examples
of suitable materials include piezoelectric ceramic materials,
piezocomposite materials, piezoelectric plastics, barium
titanates, lead zirconate titanates, lead metaniobates, polyvi-
nylidenefluorides, and the like. Other transducer technologies
include composite materials, single-crystal composites, and
semiconductor devices (e.g., capacitive micromachined
ultrasound transducers (“cMUT”), piezoelectric microma-
chined ultrasound transducers (“pMUT”), or the like).
[0029] The pressure distortions on the surface of the one or
more transducers 312 form acoustic pulses of a frequency
based on the resonant frequencies of the one or more trans-
ducers 312. The resonant frequencies of the one or more
transducers 312 may be affected by the size, shape, and mate-
rial used to form the one or more transducers 312. The one or
more transducers 312 may be formed in any shape suitable for
positioning within the catheter 102 and for propagating
acoustic signals of a desired frequency in one or more
selected directions. For example, transducers may be disc-
shaped, block-shaped, rectangular-shaped, oval-shaped, and
the like. The one or more transducers may be formed in the
desired shape by any process including, for example, dicing,
dice and fill, machining, microfabrication, and the like.
[0030] As an example, each of the one or more transducers
312 may include a layer of piezoelectric material sandwiched
between a conductive acoustic lens and a conductive backing
material formed from an acoustically absorbent material
(e.g., an epoxy substrate with tungsten particles). During
operation, the piezoelectric layer may be electrically excited
by both the backing material and the acoustic lens to cause the
emission of acoustic pulses.

[0031] Theoneor moretransducers 312 can be used to form
a radial cross-sectional image of a surrounding space. Thus,
for example, when the one or more transducers 312 are dis-
posed in the catheter 102 and inserted into a blood vessel of a
patient, the one more transducers 312 may be used to form an
image of the walls of the blood vessel and tissue surrounding
the blood vessel.

[0032] The imaging core 306 may, optionally, be rotated
about the longitudinal axis 303 of the catheter 102. As the
imaging core 306 rotates, the one or more transducers 312
emit acoustic signals in different radial directions. When an
emitted acoustic signal with sufficient energy encounters one
or more medium boundaries, such as one or more tissue
boundaries, a portion of the emitted acoustic signal is
reflected back to the emitting transducer as an echo signal.
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Bach echo signal that reaches a transducer with sufficient
energy to be detected is transformed to an electrical signal in
the receiving transducer. The one or more transformed elec-
trical signals are transmitted to the control module (104 in
FIG. 1) where the processor 106 processes the electrical-
signal characteristics to form a displayable image of the
imaged region based, at least in part, on a collection of infor-
mation from each of the acoustic signals transmitted and the
echo signals received. In at least some embodiments, the
rotation of the imaging core 306 is driven by the drive unit 110
disposed in the control module (104 in FIG. 1). In alternate
embodiments, the one or more transducers 312 are fixed in
place and do not rotate. In which case, the imaging device 308
may, instead, be manually moved (translationally, rotation-
ally, or both). Alternately, the driveshaft 310 may rotate a
mirror that reflects acoustic signals to and from the fixed one
or more transducers 312.

[0033] When the one or more transducers 312 are rotated
about the longitudinal axis 303 of the catheter 102 emitting
acoustic pulses, a plurality of images can be formed that
collectively form a radial cross-sectional image of a portion
of the region surrounding the one or more transducers 312,
such as the walls of a blood vessel of interest and the tissue
surrounding the blood vessel. The radial cross-sectional
image can, optionally, be displayed on one or more displays
112. The at least one of the imaging core 306 can be either
electronically or manually rotated. In alternate embodiments,
a non-rotating array may be employed that scans a patient’s
anatomy without any rotation or other physical movement.
[0034] Theimaging core 306 may also move longitudinally
along the blood vessel within which the catheter 102 is
inserted so that a plurality of cross-sectional images may be
formed along a longitudinal length of the blood vessel. Dur-
ing an imaging procedure the one or more transducers 312
may be retracted (i.e., pulled back) along the longitudinal
length of the catheter 102. The catheter 102 can include at
least one telescoping section that can be retracted during
pullback of the one or more transducers 312. In at least some
embodiments, the drive unit 110 drives the pullback of the
imaging core 306 within the catheter 102. The drive unit 110
pullback distance of the imaging core can be any suitable
distance including, for example, at least 5 cm, 10 cm, 15 cm,
20 cm, 25 cm, or more. The entire catheter 102 can be
retracted during an imaging procedure either with or without
the imaging core 306 moving longitudinally independently of
the catheter 102.

[0035] When the imaging core 306 is refracted while rotat-
ing, the images may collectively form a continuous spiral
shape along a blood vessel. A stepper motor may, optionally,
be used to pull back the imaging core 306. The stepper motor
can pull back the imaging core 306 a short distance and stop
long enough for the one or more transducers 306 to capture an
image before pulling back the imaging core 306 another short
distance and again capturing another image, and so on, either
with or without being rotated.

[0036] Thequality of an image produced at different depths
from the one or more transducers 312 may be affected by one
or more factors including, for example, bandwidth, trans-
ducer focus, beam pattern, as well as the frequency of the
acoustic pulse. The frequency of the acoustic pulse output
from the one or more transducers 312 may also affect the
penetration depth of the acoustic pulse output from the one or
more transducers 312. In general, as the frequency of an
acoustic pulse is lowered, the depth of the penetration of the
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acoustic pulse within patient tissue increases. In at least some
embodiments, the IVUS imaging system 100 operates within
a frequency range of 5 MHz to 120 MHz.

[0037] One or more communication lines 314 can electri-
cally couple the transducers 312 to the control module 104
(see e.g., FIG. 1). In which case, the one or more communi-
cation lines 314 may extend along alongitudinal length of the
rotatable driveshaft 310.

[0038] The catheter 102 with one or more transducers 312
mounted to the distal end 208 of the imaging core 308 may be
inserted percutaneously into a patient via an accessible blood
vessel, such as the femoral artery, femoral vein, or jugular
vein, at a site remote from the selected portion of the selected
region, such as a blood vessel, to be imaged. The catheter 102
may then be advanced through the blood vessels of the patient
to the selected imaging site, such as a portion of a selected
blood vessel.

[0039] Turning to F1G. 4, in at least some embodiments the
system may include one or more inductive coupling elements,
for example, for providing patient safety isolation, for cou-
pling a stationary control module with a rotatable driveshaft,
or the like or combinations thereof. The inductive coupling
element may include, for example, a rotating transformer
(e.g., a transformer with a stationary end and a rotating end).
In the case of imaging devices that include semiconductor-
based transducers, such as capacitive micromachined ultra-
sound transducers (“cMUT?), as well as other types of trans-
ducers, a constant bias voltage (e.g., a DC signal) may be
needed, or desired, for operation. As described in more detail
below, in some cases transmission of the bias signal to the
imaging device may pose a problem because DC signals are
not typically transmittable across inductive coupling ele-
ments,

[0040] FIG. 4 is a schematic view of another embodiment
of the imaging system 100. The imaging system 100 includes
the catheter 102 and the control module 104. The control
module 104 includes the processor 106, the pulse generator
108, the one or more displays 112, and the drive unit 110. The
catheter 102 includes one or more communication lines 314
and the driveshaft 310 coupling the imaging device 308 to the
control module 104, via the drive unit 110. The imaging
device 308 includes one or more transducers 312.

[0041] In the case of semiconductor-based transducers
(e.g., cMUTs, MUTs, and the like), a constant bias voltage
may be needed for operation. Additionally, at least some other
types of ultrasound transducers may benefit when operated
with a constant bias voltage. For example, single crystal
piezoelectric transducers may lose their poling if unipolar (or
bipolar) RF signals are applied. In which case, operating
these transducers with a bias voltage may reduce or eliminate
this issue. In cases where a bias voltage is provided to the one
or more transducers 312, the imaging device 308 may include
bias circuitry 412. In at least some embodiments, the one or
more transducers 312 and the bias circuitry 412 are disposed
on a shared semiconductor substrate 418, such as Silicon,
Gallium Arsenide (“GaAs”™), and the like.

[0042] In embodiments having a plurality of transducers
312, bias circuitry 412 can be configured to bias each indi-
vidual transducer of the plurality of transducers 312, or mul-
tiple bias circuits 412 can be provided to bias each transducer
separately. Although integration of the one or more transduc-
ers 312 and the bias circuitry 412 on the common substrate
418is one possible arrangement, it will be understood that the
systems and methods described herein are not limited to such.
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For instance, the one or more transducers 312 and the bias
circuitry 412 can be fabricated as discrete components and
packaged together, or fabricated and packaged discretely.
Furthermore, the one or more transducers 312 and the bias
circuitry 412 do not need to be physically housed together and
can be positioned in any desired location within the catheter
102. For example, portions of the bias generating circuit may
be disposed in one or more of the distal end ofthe catheter, the
proximal end of the catheter, or the motor drive unit.

[0043] A coupling element 402 can be disposed in the drive
unit 110 and coupled to a proximal end of the driveshaft 310.
In at least some embodiments, the coupling element 402 is
implemented as an inductive coupler (e.g., one or more rotat-
ing transformers, or the like) configured to transfer signals
between the control module 104 and one or more communi-
cation lines 314. Although AC signals are commonly trans-
mitted across inductive couplers, DC bias signals typically
are not transmittable across inductive couplers.

[0044] As herein described, a bias signal may be applied to
one or more transducers 312 of a medical imaging system,
such as the IVUS imaging system 100. It will be understood
that a bias signal can be used with other types of medical
imaging systems, such as intracardiac echocardiography
(“ICE”) imaging systems. Examples of medical imaging sys-
tems with transducers that use bias voltages are found in, for
example, U.S. Patent Application Publication No. 2006/
0084875, which is incorporated herein by reference.

[0045] FIG. 5is aschematic view of one embodiment of the
imaging device 308. In FIG. 5, the imaging device 308
includes the one or more transducers 312, the bias circuitry
412, and a first signal blocking circuit 502. In some instances,
the one or more transducers 312, the bias circuitry 412, and
the first signal blocking circuit 502 are all disposed on the
substrate 418. As described above, the one or more commu-
nication lines 314 transmit signals between the control mod-
ule 104 and the imaging device 308. The one or more com-
munication lines 314 may include any number of signal lines,
or transmission lines, as needed. For example, the one or more
communication lines 314 may include a ground line for trans-
mitting “ground” signals 520, one or more charge signal lines
for transmitting charge signals 524, and one or more inaging
lines for transmitting AC drive signals 522 and transducer
output signals 526.

[0046] The “ground” signals 520 may be routed from the
imaging device 308 to a ground (e.g., one or more portions of
the control module 104, or the like). The charge signals 524
can be routed from the control module 104 to the bias cir-
cuitry 412 and used to generate a bias signal for the one or
more transducers 312. The AC drive signals 522 can be routed
from the control module 104 to the one or more transducers
312 and used to generate acoustic signals. The transducer
output signals 526 can be routed from the one or more trans-
ducers 312 to the control module 104 and used to generate one
or more medical images.

[0047] Inatleast some embodiments, the bias circuitry 412
includes a second signal blocking circuit 504 and one or more
charge pumps 506. The second signal blocking circuit 504
can be used to route signals within the imaging device 308.
For example, the second signal blocking circuit 504 can be
used to block the AC drive signal 522 from propagating to the
charge pump 506.

[0048] The one or more charge pumps 506 are configured
and arranged to store charge signals 524 input along the one
or more communication lines 314. The bias circuitry 412 is
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also configured and arranged to use the charge signals 524
stored in the one or more charge pumps 506 to form a bias
signal 514 at a desired voltage level. The bias signal 514 can
be output to the one or more transducers 312 along one or
more bias signal lines 510. The design and implementation of
the one or more charge pumps 506 are well known to those of
skill in the art and any type of charge pump can be used. The
one or more charge pumps 506 preferably include a charge
storage unit, such as a switched capacitor bank, or the like.

[0049] The voltage levels of the bias signal 514 and the AC
drive signal 522 are dependent on the needs of the application
and the characteristics of each of the one or more transducers
312. In at least some embodiments, a larger bias signal 514
translates into the generation of a stronger acoustic signal. In
addition, the bias signal 514 can also be a factor in determin-
ing the frequency of the generated acoustic signal. In some
applications, the bias signal 514 can be approximately 100-
150 volts, while the AC drive signal 522 can be 75 volts or
more. It will be understood that these values are provided
solely as examples and any signal levels can be used as
desired.

[0050] In some embodiments where the coupling element
402 uses an inductive, or other non-physical electrical cou-
pling, to transfer the AC drive signals 522 between the control
module 104 and the imaging device 308, the charge signal
524 may be transmitted along the one or more communica-
tion lines 314 as a series of DC pulses that appear as an AC
drive signal 522 to the coupling element 402. In at least some
embodiments where the coupling element 402 uses a physical
coupling, such as a brush/contact combination, the charge
signal 524 can be a pure DC signal, if desired.

[0051] The signal blocking circuits 502 and 504 may be
included to prevent unwanted interactions between the charge
pump circuit 506 and the transducer 312. For example, the
first signal blocking circuit 502 may be used to prevent a low
frequency charging signal from being directly applied to the
transducer 312 while a second blocking circuit 504 may pre-
vent the charge pump circuit 506 from loading down the
imaging signal.

[0052] Any suitable type of rectification circuitry can be
used, such as one or more diodes, or the like. One of skill in
the art will readily recognize that FIG. 5 depicts one of many
possible different circuit layouts for the imaging device 308
and, accordingly, the systems and methods described herein
are not limited to any one layout or circuit design.

[0053] Turning to FIG. 6. as mentioned above the one or
more communication lines 314 may include any number of
signal lines, or transmission lines, as needed. However,
because the imaging system 100 is preferably used for intra-
vascular applications, the width of catheter 102 can be a
limiting factor preventing advancement through narrow vas-
culature. Thus, because each additional signal line generally
adds width to the driveshaft 310, even if the driveshaft 310
itself is used as a signal line, it may be desirable to reduce the
number of signal lines used in the imaging system 100.

[0054] In at least some embodiments, the imaging system
100 uses two communication lines 314 (e.g., a twisted pair of
communication lines 314), which can be used to transfer
single-ended or differential signals. In order to use two signal
lines to transfer the “ground” signal 520, the AC drive signal
522, the charge signal 524, and the transducer output signal
526, in at least some embodiments the imaging system 100
uses a segmented timing regime.
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[0055] FIG. 6 is one embodiment of an exemplary timing
diagram depicting signals being output from the control mod-
ule 104 over time. The transmission of an ultrasound pulse
followed by the reception of the resulting echo signals is
referred to herein as an imaging cycle. The imaging system
100 can be configured to perform a predetermined number of
imaging cycles for every rotation, with each imaging cycle
being performed at a separate angular location, or range of
angular locations. For instance, in some embodiments, the
imaging device 308 performs 360 imaging cycles in each
rotation; with one imaging cycle being performed at an angu-
lar location located one degree apart.

[0056] Preferably, the imaging device 308 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 308
from one angular location to the next. For example, in FIG. 6,
attime T, the imaging device 308 is at a first angular location
and at time T, the imaging device 308 has been rotated to a
second angular position. The imaging cycle for the first angu-
lar location occurs between times T, and T,. More specifi-
cally, the AC drive signal 522 is transmitted from control
module 104 to the one or more transducers 312 from time T,
to time T, in order to cause each individual transducer of the
one or more transducers 312 to transmit an acoustic signal.
From time T, to time T,, the control module 104 is in a
receiving period 602 awaiting any echo signals reflected by
patient tissue in response to transmitted acoustic signals. This
leaves the remaining time from T, to T, unused in any imag-
ing cycle.

[0057] During the time from T, to T, the control module
104 preferably transmits the charge signal 524 to the bias
circuitry 412. At time T,, the control module 104 transmits
another AC drive signal 522 to initiate another imaging cycle
at the next angular location. In one narrow example embodi-
ment, the time period from T, to T, is 130 microseconds, with
the time period from T, to T, being approximately 50 nano-
seconds, the time period from T, to T, being approximately
20 microseconds, and the time period from T, to T; being
approximately 100 microseconds. These times are included
as examples only and in no way limit the systems and meth-
ods described herein.

[0058] The amplitude of the charge signal 524 is preferably
lower than an excitement threshold for the one or more trans-
ducers 312, where the one or more transducers 312 generate
an acoustic signal (e.g., produce an ultrasound pulse). In
some applications, small ultrasound pulses may be tolerable
if, for instance, the small acoustic signal does not interfere
with the subsequent imaging cycle.

[0059] The term “excitement threshold” as used herein,
refers to the signal level which causes one or more transduc-
ers 312 to generate acoustic signals at a level sufficient to
interfere with an imaging cycle. In one embodiment, the
excitement threshold can be 75 volts and the charge signal
524 is maintained at 70 volts, while the AC drive signal 522 is
125 volts. These values are solely for example and in no way
limit the systems and methods described herein. As men-
tioned above, the charge signal 524 can be a series of DC
pulses instead of a continuous DC signal in order to propagate
through coupling element402, if needed. Also, it will be
understood that any waveforms can be used for the AC drive
signal 522 and the charge signal 524.

[0060] The generation of the charge signal 524 and the AC
drive signal 522, as well as the proper timing for doing so, can
be controlled by the control module 104. In at least some
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embodiments, the bias circuitry 412 is configured to limit the
charge build up so that the charge signal 524 does not cause
the bias circuitry 412 to apply the bias signal 514 at a voltage
level that is excessively high. This can be performed through
voltage limiting circuitry well known to those of skill in the
art. Also, in certain applications, multiple charging cycles
may be needed before the bias circuitry 412 can apply the
proper voltage to the bias signal 514. Alternatively, in another
embodiment the control module 104 can be configured to
output the charge signal 524 prior to the commencement of
imaging in order to charge up, or initialize, the bias circuitry
412. In which case, the length of the initialization period can
be as long as needed to charge the bias circuitry 412. Prefer-
ably, the bias circuitry 412 is designed to be low leakage so
that once the proper bias signal 514 voltage is reached, mini-
mal subsequent charging is needed.

[0061] Turning to FIG. 7, in at least some instances the
coupling element 402 is an inductive coupler, such as one or
more rotational transformers. In at least some embodiments,
the one or more rotational transformers are magnetic trans-
formers with stationary windings on the control module 104
side and rotating windings on the driveshaft 310 side. Suitable
rotational transformers typically are designed to handle a
spectrum of radio frequencies (e.g., approximately 1 MHz to
120 MHz) to handle various imaging modalities.

[0062] As mentioned above, the transducer output signals
526 are processed to form medical images. These signals 526
may be low level signals compared to the charge signals 524
and the AC drive signals 522. Ultrasound imaging systems are
typically constructed to be very sensitive to the low level
signals associated with the transducer output signals 526.
Consequently, it may be a concern of system designers to not
introduce additional signals that might interfere with these
transducer output signals 526.

[0063] TheAC drive signals 522 are typically transmitted at
a desired frequency. This frequency is often at least 5 MHz,
and no greater than 120 MHz. The transducer output signals
526 may be withinan imaging frequency range centered at the
frequency of the AC drive signal 522. In some cases, the
imaging frequency range may be +/-10% of the frequency of
the AC drive signal 522. In some cases, the imaging frequency
range may be +/-5% of the frequency of the AC drive signal
522. In some cases, the imaging frequency range may be +/-8
MHz, 7 MHz, 6 MHz, 5 MHz, 4 MHz, 3 MHz, 2 MHz, 1
MHz, from the frequency of the AC drive signal 522.

[0064] Inatleast some embodiments, the charge signal 524
is transmitted across the inductive coupling element 402
using various types of AC signals. Once across the inductive
coupling element 402, the charge signal 524 may be filtered
and passed through a rectifier. In some cases, the rectified
charge signal 524 can be applied directly to the one or more
transducers 312. In other cases, the rectified charge signal 524
can be applied to the charge pump 506, and subsequently
output to the one or more transducers 312, as described above
with reference to FIG. 5. In some cases, the filters and rectifier
are disposed at a proximal end of the catheter 102. In other
embodiments, at least one of the filters or the rectifier is
disposed on, or in proximity to, the imaging device 108.
[0065] As herein described, the charge signal 524 can be
transmitted across the inductive coupling element 402 in sev-
eral different ways without introducing excessive noise that
may interfere with the transducer output signal 526. In some
embodiments, the charge signal 524 is transmitted across the
inductive coupling element 402 at frequencies that are sub-
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stantially higher or lower than the AC drive signal 522. In
some embodiments, the charge signal 524 is transmitted
across the inductive coupling element 402 in short bursts that
are separated in time from the imaging interval, as described
above with reference to FIG. 6. In some embodiments, the
charge signal 524 is transmitted across a separate, dedicated
inductive coupling element to provide an independent path
for the charge signal 524.

[0066] In some embodiments, a combination of two or
more of the above charge-signal-transmission techniques can
be used. For example, in some embodiments the charge signal
524 is transmitted across the inductive coupling element 402
in short bursts that are separated in time from the imaging
interval and that are formed at frequencies that are substan-
tially higher or lower than the AC drive signal 522. In some
embodiments, the charge signal 524 is not continuous, but
rather is applied in short bursts during a portion of the imag-
ing cycle when image data are not being collected (see e.g,,
FIG. 6).

[0067] FIG. 7 is one embodiment of an electrical circuit
diagram 702 for the imaging system 100. AC drive signals
522 and charge signals 524 are received from the control
module 104 via the coupling element 402 (e.g., a rotating
transformer). In at least some embodiments, the charge sig-
nals 524 are transmitted across the coupling element 402 as
AC signals and converted to DC signals by a rectifier 710. In
some embodiments, the charge signals 524 are applied in
short bursts during one or more portions of an imaging cycle,
as described above in detail with reference to FIG. 6. In which
case, the short bursts can be stored in the charge pump 506, as
described in detail with reference to FIG. 5, and output to the
one or more transducers 312 as the bias signal 514 ata desired
bias voltage level.

[0068] In at least some embodiments, the charge signals
524 are input to the imaging circuit 702 at a substantially
different frequency than the AC drive signals 522. For
example, in at lease some embodiments, the AC drive signals
522 are at approximately 60 MHz, while the charge signals
524 are at a frequency that is no greater than 5 MHz, 4 MHz,
3 MHz, 2 MHz, or 1 MHz. It will be understood that the
charge signal 524 can be at a frequency that is either substan-
tially higher or substantially lower than the AC drive signals
522. In at least some embodiments, the charge signal 524 has
a frequency that is high enough to prevent the charge-signal
transducer 802 from producing audible acoustic ringing (e.g.,
no lower than 20 kHz).

[0069] In some embodiments, the charge signal 524 has a
frequency that is at least 20 kHz and no greater than 500 kHz.
In some embodiments, the charge signal 524 has a frequency
that is at least 20 kHz and no greater than 400 kHz. In some
embodiments, the charge signal 524 has a frequency that is at
least 20 kHz and no greater than 300 kHz. In some embodi-
ments, the charge signal 524 has a frequency that is at least 20
kHz and no greater than 200 kHz. In some embodiments, the
charge signal 524 has a frequency that is at least 20 kHz and
no greater than 100 kHz. In some embodiments, the charge
signal 524 has a frequency that is at least 20 kHz and no
greater than 50 kHz.

[0070] Insome cases, such as when there are nonlinearities
in the circuit, harmonics of the charge signal 524 may be
generated. Such harmonics may potentially be at frequencies
within the imaging frequency range of the transducer output
signal 526. Therefore, in at least some embodiments, the
charge signal 524 is formed at a frequency that is significantly
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below the frequency of the AC charge signal 522. In at least
some embodiments, the charge signal 524 is formed at a
frequency that is no greater than one, two, or three decades
below the frequency of the transducer output signal 526.
[0071] Inatleast some embodiments, the charge signal 524
is formed at a frequency that is no greater than one, two, or
three decades below the lowest frequency of the imaging
frequency range of the transducer output signal 526. For
example, if the lowest frequency of the imaging frequency
range is approximately 5 MHz, then a corresponding two-
decade-lower charge signal 524 would be no greater than 50
kHz.

[0072] Forming the charge signal 524 at a frequency that is
no greater than two decades below the lowest frequency of the
imaging frequency range of the transducer output signal 526
may ensure that, even if the charge signal 524 is clipped to the
point where itis nearly a square wave, any generated harmon-
ics that fall within the imaging frequency range will be at least
as low as —40 dB from the carrier amplitude. It will be under-
stood that this is not a constraint when the charge signal 524
has a frequency that is above the imaging frequency range
because harmonics are always above the fundamental fre-
quency. It will also be understood that further exclusion of the
charge signal 524 from the lowest frequency of the imaging
frequency range may also be obtained by turning on the
charge signal 524 only during non-imaging portions of the
imaging cycle, as discussed above with reference to FIG. 6.
[0073] TheAC drive signal 522 is routed to the one or more
transducers 312, while the charge signal 524 is routed through
the rectifier 710 to convert the charge signal 524 from AC to
DC. Routing can be performed by any suitable technique
including, for example, using one or more high pass filters
704, or one or more low pass filters 706, or both. InFIG. 7, the
low pass filters 704 are disposed on both ends of the rectifier
710 so that the charge signal 524 is transmitted through the
rectifier 710 prior to reaching the one or more transducers
312, while the AC drive signal 522 is routed around the
rectifier 710. As discussed above, the charge signal 524 may
be stored in the charge pump 506 subsequent to transmitting
through the rectifier 710. In which case, the charge signal 524
can be routed to the one or more transducers 312 as the bias
signal 514, as described above with reference to FIG. 5.
[0074] Turning to FIG. 8A, in at least some embodiments
the charge signal 524 is transmitted from the control module
104 to the imaging device 308 via a dedicated charge-signal
coupling element (e.g., a rotational transformer, or the like).
FIGS. 8A-8B collectively show another embodiment of a
medical imaging electrical diagram 800 for the imaging sys-
tem 100. The medical imaging electrical diagram 800
includes a rotational transformer that is dedicated to the
charge signal 524 and that is separate from the coupling
element 402 used by the AC drive signal 522. In at least some
embodiments, the rotational transformer 402 and the rota-
tional transformer dedicated to the charge signal 524, are
disposed in the drive unit 110 (see e.g., FIG. 4) or the proxi-
mal end of the catheter 102 (e.g., the hub), or both.

[0075] FIG. 8A shows a proximal end of the medical imag-
ing electrical diagram 800, while FIG. 8B shows a distal end
of the medical imaging electrical diagram 800. In FIG. 8A,
the medical imaging electrical diagram 8§00 includes the cou-
pling element 402, shown as a rotational imaging trans-
former, and a rotational charge-signal transformer 802. In at
least some embodiments, one or more isolation transformers
806 may be included in series with one or more of the imaging
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transformer 402 and the charge-signal transformer 802. In
some cases, a separate isolation transformer 806 may be
disposed in series with each of the imaging transformer 402
and the charge-signal transformer 802. The isolation trans-
former(s) 806 can be used as a safety device to isolate the
patient from high voltage electronics associated with the
medical imaging system 100 or other equipment used in a
medical procedure. It will be understood that, in at least some
embodiments the system 100 includes one or more patient
isolation transformers without including any rotating trans-
formers.

[0076] The charge signal 524 can be provided to the imag-
ing device 308 at any suitable voltage. In at least some
embodiments, the charge signal 524 is no greater than 150V
DC. In some cases, the one or more transducers 312 may not
be able to tolerate voltages exceeding 200V DC. The voltage
may be stepped up, as desired. In FIG. 8A, the isolation
transformer 806 in series with the charge-signal transformer
802 is shown having a 1:10 voltage step-up. It will be under-
stood that either isolation transformer 806 may have other
voltage step-up values instead of a 1:10 voltage step-up.
[0077] Inat least some embodiments, the medical imaging
electrical diagram 800 includes a voltage multiplier circuit
812. The voltage multiplier circuit 812 may be used to pro-
vide an extra multiplication factor needed to increase the
voltage of the charge signal 524. A voltage increase may be
needed, for example, in situations where the combination of
the input oscillator voltage and any voltage step-up realized in
the charge-signal transducer 802, or the isolation transformer
806 in series with the charge-signal transducer 802, does not
generate a sufficiently-high enough voltage for a particular
transducer application.

[0078] FIG. 8B is one embodiment of a distal portion of the
medical imaging electrical diagram 800. The medical imag-
ing electrical diagram 800 includes one or more voltage regu-
lators (e.g., one or more Zener diodes, one or more resistive
voltage dividers, active regulator circuits, or combinations
thereof) 822 for regulating the voltage of the charge signal
524. Using one or more voltage regulators 822 may reduce
susceptibility to variations in parameters that might affect the
voltage level of the charge signal 524.

[0079] Turning to FIG. 9, in some embodiments the charge
signal 524 is transmitted across a flyback circuit. FIG. 9 is a
schematic view of one embodiment of an imaging system that
includes a flyback circuit 902. The flyback circuit 902 can be
electrically coupled to the one or more communication lines
314. In some cases, the flyback circuit 902 is disposed in a
proximal end of the catheter 102. In alternate embodiments,
the flyback circuit is disposed on the control module 104.
[0080] The flyback circuit 902 may include a driver circuit
for establishing a DC current in a primary winding of a
rotating transformer. The DC current input to the rotating
transformer can be interrupted suddenly. The tendency of the
inductance of the primary winding is to maintain the flow of
current, despite the current being suddenly interrupted. Con-
sequently, the interrupted current causes a voltage to develop
across the inductor. If a secondary winding is coupled to the
primary winding, a “flyback” voltage also appears across the
secondary winding. The “flyback™ voltage appearing across
the secondary winding can be input the charge pump (506 in
FIG. 5), as described above with reference to FIG. 5. In at
least some embodiments, the flyback cycles can be inter-
leaved with imaging cycles in such a way that they would not
interfere with imaging, as described above with reference to
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FIG. 6. Optionally, the flyback circuit 902 may be used in
conjunction with one or more of a rectifier, a voltage regula-
tor, and a DC combiner circuit, as described above. In at least
some imaging systems, high voltage RF transmitter pulses are
provided by MOSFET (or similar) switches that may also
provide the current, and the rapid interruption of the current,
needed to produce a flyback voltage.

[0081] Turning to FIG. 10, in some embodiments, the
charge signal 524 is transmitted across a magnetic rotary
transformer as a series of square pulses. In at least some
embodiments, the square pulses act as a pedestal voltage for
the imaging signal. FIG. 10 is a schematic view of one
embodiment of an imaging system that includes a magnetic
transformer 1002 suitable for conveying square pulses. The
magnetic transformer 1002 can be electrically coupled to the
one or more communication lines 314. In some cases, the
magnetic transformer 1002 is disposed in a proximal end of
the catheter 102. In alternate embodiments, the magnetic
transformer 1002 is disposed on the control module 104.
[0082] Magnetic transformers are capable of conveying
square pulses so long as the duration of the pulse is short
compared to the time constant produced by the transformer
primary inductance and the resistive impedances driving and
terminating the transformer. Thus, if an RF transmit signal is
generated to provide a high frequency ultrasound waveform
superposed on a charge signal formed as a square pedestal
pulse, and the duration of the charge signal is much shorter
than the time constant of the RF transmit signal, then both the
RF transmit signal and a corresponding charge signal can be
transmitted to the one or more transducers 312. Optionally,
one or more diodes, one or more capacitors, one or more
regulators, or the like or combinations thereof can be used to
maintain the charge signal during the receive intervals (T, to
T,) of an imaging cycle, as described above with reference to
FIG. 6.

[0083] The above specification, examples and data provide
a description of the manufacture and use of the composition
of the invention. Since many embodiments of the invention
can be made without departing from the spirit and scope of the
invention, the invention also resides in the claims hereinafter
appended.

What is claimed as new and desired to be protected by

Letters Patent of the United States is:

1. A medical imaging system, comprising:

a catheter configured and arranged for insertion into an
intravascular portion of a living being, the catheter hav-
ing a distal end and a proximal end, the catheter defining
a lumen,

an imaging device disposed in the lumen of the catheter, the
imaging device for imaging interior portions of the liv-
ing being, the imaging device comprising:
at least one ultrasound transducer, and
bias circuitry electrically coupled to the at least one

transducer and configured and arranged to electrically
bias the at least one transducer;

atleast one communication line coupled to both the at least
one ultrasound transducer and the bias circuitry and
extending to a proximal end of the catheter, the at least
one communication line configured and arranged for
transmitting a transducer drive signal to the at least one
transducer, and transmitting a charge signal to the bias
circuitry; and

at least one inductive coupler in communication with the at
least one communication line;
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wherein the transducer drive signal and the charge signal
are both AC signals, the transducer drive signal having a
transducer-drive-signal frequency, and the charge signal
having a charge-signal frequency, and wherein the
charge-signal frequency is different than the transducer-
drive-signal frequency;

wherein the AC charge signal is transmitted along the at
least one communication line through the at least one
inductive coupler.

2. The system of claim 1, wherein the at least one inductive

coupler comprises an isolation transformer.

3. The system of claim 1, further comprising a control
module communicatively coupled with the imaging device
via the at least one communication line, the control module
comprising

a pulse generator configured and arranged for providing
the transducer drive signal and the charge signal to the
imaging device,

a processor configured and arranged for processing
received transducer output signals from the at least one
transducer, and

a display coupled to the processor.

4. The system of claim 3, wherein the control module is
configured and arranged to output the transducer drive signal
during afirst time period and the control module is configured
and arranged to output the charge signal during a second time
period that does not overlap in time with the first time period.

5. The system of claim 3, wherein the at least one inductive
coupler comprises a first rotating transformer disposed
between the control module and the at least one communica-
tion line.

6. The system of claim 5, wherein the transducer drive
signal is transmitted along the at least one communication
line through the first rotating transformer.

7. The system of claim 5, further comprising a flyback
circuit coupled to the first rotating transformer, the flyback
circuit configured and arranged for generating a flyback volt-
age.

8. The system of claim 5, wherein the at least one inductive
coupler comprises a second rotating transformer disposed
between the control module and the at least one communica-
tion line, and wherein the charge signal is transmitted along
the at least one communication line through the second rotat-
ing transformer.

9. The system of claim 3, further comprising a rotatable
driveshaft configured and arranged for insertion into the
lumen of the catheter, wherein the imaging device is coupled
to the driveshaft.

10. The system of claim 9, wherein the control module
further comprises a drive unit configured and arranged to
control rotational and translational movement of the drive-
shaft within the lumen of the catheter.

11. The system of claim 9, wherein the control module is
configured and arranged to output the transducer drive signal
during a first time period and the control module is configured
and arranged to output the charge signal during a second time
period that does not overlap in time with the first time period.

12. The system of claim 1, wherein the charge-signal fre-
quency is less than the transducer-drive-signal frequency.

13. The system of claim 12, wherein the charge-signal
frequency is no greater than two decades below the trans-
ducer-drive-signal frequency.

14. The system of claim 1, wherein the at least one com-
munication line is configured and arranged for transmitting a
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transducer output signal to the at least one transducer, the
transducer output signal having an imaging frequency range
centered around the transducer-drive-signal frequency.

15. The system of claim 14, wherein the charge-signal
frequency is no greater than two decades below a lowest
frequency of the imaging frequency band.

16. The system of claim 1, wherein the system further
comprises a rectification circuit for converting the AC charge
signal input from the at least one communication line to a DC
charge signal.

17. The system of claim 16, wherein the system further
comprises a charge pump for storing DC charge signals input
from the rectification circuitry and forming a bias signal to
electrically bias the at least one transducer.

18. The system of claim 1, wherein the system further
comprises a voltage multiplier configured and arranged for
increasing the voltage of the charge signal.

19. The system of claim 1, wherein the system further
comprises a voltage regulator configured and arranged for
regulating the voltage of the charge signal.

20. The system of claim 1, wherein the charge signal has a

square waveform.

21. A medical imaging system, comprising:

a catheter configured and arranged for insertion into an
intravascular portion of a living being, the catheter hav-
ing a distal end and a proximal end, the catheter defining
a lumen,

an imaging device disposed in the catheter, the imaging
device for imaging interior portions of the living being,
the imaging device comprising;

a least one ultrasound transducer, and

bias circuitry electrically coupled to the at least one
transducer and configured and

arranged to electrically bias the at least one transducer;

acontrol module communicatively coupled with the imag-
ing device, the control module configured and arranged
to generate a transducer drive signal and a charge signal;

at least one communication line coupling the control mod-
ule to both the at least one ultrasound transducer and the
bias circuitry, the at least one communication line con-
figured and arranged for transmitting the transducer
drive signal and the charge signal to the imaging device,
wherein the transducer drive signal and the charge signal
are both AC signals;

a first rotating transformer disposed between the control
module and the at least one communication line, the first
rotating transformer configured and arranged to receive
the transducer drive signal; and
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asecond rotating transformer disposed between the control
module and the at least one communication line, the
second rotating transformer configured and arranged to
receive the charge signal.

22. A method of intravascular ultrasound imaging with an
image processing system, comprising:

transmitting an AC transducer drive signal from a pulse

generator to at least one transducer disposed at a distal
end of a medical device insertable into patient vascula-
ture, wherein the AC transducer drive signal comprises a
plurality of frequencies within an imaging frequency
band, and wherein the transducer drive signal is config-
ured and arranged to cause the at least one transducer to
transmit an acoustic signal;

transmitting an AC charge signal from the pulse generator

to bias circuitry disposed at the distal end of the medical
device, the bias circuitry communicatively coupled to
the at least one transducer, wherein the AC charge signal
comprises a charge-signal frequency that does not over-
lap with the imaging band frequencies;

converting the AC charge signal to a DC charge signal;

storing the DC charge signal in a charge pump;

transmitting a bias signal to the at least one transducer, the
bias signal formed from the stored DC charge signal; and

transmitting at least one acoustic signal from the at least
one transducer.

23. The method of claim 22, wherein transmitting the AC
transducer drive signal from the pulse generator comprises
transmitting the AC transducer drive signal from the pulse
generator during a first time period, and wherein transmitting
the AC charge signal from the pulse generator comprises
transmitting the AC charge signal from the pulse generator
during a second time period that does not overlap in time with
the first time period.

24. The method of claim 22, wherein transmitting the AC
transducer drive signal from the pulse generator comprises
transmitting the AC transducer drive signal across a first
rotating transformer.

25. The method of claim 24, wherein transmitting the AC
charge signal from the pulse generator comprises transmit-
ting the AC charge signal across a second rotating trans-
former.

26. The method of claim 22, further comprising rotating the
at least one transducer.

27. The method of claim 26, wherein transmitting the AC
transducer drive signal from the pulse generator comprises
transmitting the AC transducer drive signal from the pulse
generator during a first time period, and wherein transmitting
the AC charge signal from the pulse generator comprises
transmitting the AC charge signal from the pulse generator
during a second time period that does not overlap in time with
the first time period.
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