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(57) ABSTRACT

An intravascular ultrasound (IVUS) imaging system is pro-
vided. The IVUS imaging system includes an intravascular
device including a transducer shaft with an ultrasound trans-
ducerat a distal end. The IVUS imaging system also includes
an interface module removably coupled to the intravascular
device. The interface module includes a connector rotatably
coupled to a proximal end of the transducer shaft; a motor
coupled to the connector; a spinning element coupled to the
motor, wherein the spinning element comprises four conduc-
tive rings; a stationary element comprising a plurality of
brushes, wherein the stationary element is disposed proxi-
mate the spinning element such that a different one of the
plurality of brushes is in mechanical contact with each of the
four conductive rings; and four conductors coupled to the

(51) Imt.ClL connector and the spinning element such that the stationary
A61B 8/00 (2006.01) element and the intravascular device are in electrical commu-
AG6IB 8/12 (2006.01) nication.
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INTRAVASCULAR ULTRASOUND IMAGING
SYSTEM WITH SLIP RING INTERFACE AND
ASSOCTATED DEVICES, SYSTEMS, AND
METHODS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority to and the
benefit of the U.S. Provisional Patent Application No. 62/046,
002, filed Sep. 4, 2014, which is hereby incorporated by
reference in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates generally to an inter-
face module of a rotational intravascular ultrasound (IVUS)
imaging system with a slip ring interface that facilitates the
transfer of both alternating current (AC) and direct current
(DC) signals between rotating and stationary portions.

BACKGROUND

[0003] Minimally invasive sensing systems are routinely
utilized by medical professionals to evaluate, measure, and
diagnose conditions within the human body. As one example,
intravascular ultrasound (IVUS) imaging is widely used in
interventional cardiology as a diagnostic tool for assessing a
diseased vessel, such as an artery, within the human body to
determine the need for treatment, to guide the intervention,
and/or to assess its effectiveness. An IVUS device includes
one or more ultrasound transducers arranged at a distal end of
an elongate member. The elongate member is passed into the
vessel thereby guiding the transducers to the area to be
imaged. The transducers emit ultrasonic energy in order to
create an image of the vessel of interest. Ultrasonic waves are
partially reflected by discontinuities arising from tissue struc-
tures (such as the various layers of the vessel wall), red blood
cells, and other features of interest. Echoes from the reflected
waves are received by the transducer and passed along to an
IVUS imaging system. The imaging system processes the
received ultrasound echoes to produce a cross-sectional
image of the vessel where the device is placed.

[0004] There are two general types of IVUS devices in use
today: rotational and solid-state (also known as synthetic
aperture phased array). For a typical rotational IVUS device,
a single ultrasound transducer element is located at the tip of
a flexible driveshaft that spins inside a plastic sheath inserted
into the vessel of interest. The transducer element is oriented
such that the ultrasound beam propagates generally perpen-
dicular to the axis of the device. The fluid-filled sheath pro-
tects the vessel tissue from the spinning transducer and drive-
shaft while permitting ultrasound signals to propagate from
the transducer into the tissue and back. As the driveshaft
rotates, the transducer is periodically excited with a high
voltage pulse to emit a short burst of ultrasound. The same
transducer then listens for the returning echoes reflected from
various tissue structures. The IVUS imaging system
assembles a two dimensional display of the vessel cross-
section from a sequence of pulse/acquisition cycles occurring
during a single revolution of the transducer.

[0005] In contrast, solid-state IVUS devices utilize a scan-
ner assembly that includes an array of ultrasound transducers
distributed around the circumference of the device connected
to a set of transducer controllers. The transducer controllers
select transducer sets for transmitting an ultrasound pulse and

Mar. 10, 2016

for receiving the echo signal. By stepping through a sequence
of transmit-receive sets, the solid-state IVUS system can
synthesize the effect of a mechanically scanned transducer
element but without moving parts. Since there is no rotating
mechanical element, the transducer array can be placed in
direct contact with the blood and vessel tissue with minimal
risk of vessel trauma. Furthermore, because there is no rotat-
ing element, the interface is simplified. The solid-state scan-
ner can be wired directly to the imaging system with a simple
electrical cable.

[0006] Conventional rotational IVUS catheters are inter-
faced to the non-rotating or stationary part of the TVUS imag-
ing system by means of a rotary transformer. The rotary
transformer is comprised of two sections: a rotating section
thatis mounted on the shaft of a motor that rotates the catheter
driveshaft and a non-rotating section that is mounted in close
proximity to the rotating section. The two sections are sepa-
rated by an air gap. AC signals are transmitted across this
rotating interface by means of transformer action. Rotational
IVUS catheters that have a piezoelectric zirconate transducer
(PZT) can be implemented with transmission of only AC
signals (e.g., excitation signals to the PZT element and/or
return signals from the PZT element to the IVUS console).
However, catheters with advanced transducer technologies,
such as piezoelectric micromachined ultrasonic transducers
(PMUT), include electronic components that require DC
power. Since a rotary transformer couples only time varying
signals, it cannot be used to transmit a DC signal or voltage to
the rotating side of the imaging system.

[0007] Thus, while existing rotary interfaces have proved
useful, there remains a need for improvements in the design to
allow advanced transducer technologies to be implemented.
Accordingly, the need exists for improvements to the inter-
face module of the rotational IVUS imaging system.

SUMMARY

[0008] Embodiments of the present disclosure provide a
slip ring assembly within an interface module of a rotational
intravascular ultrasound (IVUS) imaging system. The IVUS
imaging system includes an intravascular device, such as an
IVUS catheter, with an ultrasound transducer and/or other
electronic components. The slip ring assembly allows alter-
nating current (AC) and direct current (DC) signals to be
transmitted from a stationary portion of the IVUS imaging
system to a rotary portion. Thus, in some embodiments, DC
power is transmitted to an amplifier for a piezoelectric micro-
machined ultrasonic transducer (PMUT) in the intravascular
device.

[0009] In an exemplary aspect, the present disclosure is
directed to an intravascular ultrasound (IVUS) imaging sys-
tem. The ITVUS imaging system includes an intravascular
device including a transducer shaft with an ultrasound trans-
ducer at a distal end; and an interface module removably
coupled to the intravascular device, the interface module
including: a connector rotatably coupled to a proximal end of
the transducer shaft; a motor coupled to the connector; a
spinning element coupled to the motor, wherein the spinning
element comprises four conductive rings; a stationary ele-
ment comprising a plurality of brushes, wherein the station-
ary element is disposed proximate the spinning element such
that a different one of the plurality of brushes 1s in mechanical
contact with each of the four conductive rings; and four con-
ductors coupled to the connector and the spinning element
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such that the stationary element and the intravascular device
are in electrical communication.

[0010] In some aspects, the intravascular device further
comprises an electronic component in electrical communica-
tion with the stationary element of the interface module. In
some aspects, the ultrasound transducer comprises a piezo-
electric micromachined ultrasonic transducer (PMUT). In
some aspects, the electronic component comprises an ampli-
fier. In some aspects, the spinning element is disposed
between the connector and the motor. In some aspects, the
motor is disposed between the connector and the spinning
element. In some aspects, the interface module further com-
prises a hollow shaft extending through the motor, and
between the connector and the spinning element. In some
aspects, the four conductors are at least partially disposed
within the hollow shaft. In some aspects, the hollow shaft is
electrically grounded. In some aspects, the interface module
comprises at least five conductors. In some aspects, the intra-
vascular device further comprises four conductors coupled to
the ultrasound transducer and a connector hub at the proximal
end of the transducer shaft, wherein, when the connector hub
of the intravascular device is connected to the connector of
interface module, the stationary portion of the interface mod-
ule is in electrical communication with the ultrasound trans-
ducer. In some aspects, the interface module further com-
prises an encoder.

[0011] In another exemplary aspect, the present disclosure
is directed to an interface module for an intravascular ultra-
sound imaging system. The interface module includes a con-
nector rotatably coupled to a transducer shaft of an intravas-
cular device; a motor coupled to the connector; a spinning
element coupled to the motor, wherein the spinning element
comprises four conductive rings; a stationary element com-
prising a plurality of brushes, wherein the stationary element
is disposed proximate the spinning element such that a dif-
ferent one of the plurality of brushes is in mechanical contact
with each of the four conductive rings; and four conductors
coupled to the connector and the spinning element such that
the stationary element and the intravascular device are in
electrical communication.

[0012] Insome aspects, the motor is disposed between the
connector and the spinning element. In some aspects, the
interface module further comprises a hollow shaft extending
through the motor, and between the connector and the spin-
ning element, wherein the four conductors are at least par-
tially disposed within the hollow shaft. In some aspects, the
hollow shaft is electrically grounded.

[0013] In another exemplary aspect, the present disclosure
is directed to an interface module for an intravascular ultra-
sound device. The interface module includes a connector
rotatably coupled to a transducer shaft of the intravascular
ultrasound device; a motor coupled to the connector such that
the connector rotates when the motor is activated, wherein the
motor comprises a hollow shaft extending therethrough; a slip
ring assembly coupled to the motor, wherein the slip ring
assembly includes a plurality of conductive rings and a plu-
rality of brushes, wherein each of the plurality of brushes are
in mechanical contact with at least one of the plurality of
conductive rings, and wherein the slip ring assembly is
coupled to the motor such that the plurality of conductive
rings rotates when the motor is activated; and a plurality of
conductors at least partially disposed within the hollow shaft,
wherein the plurality of conductors electrically couple the
connector and the plurality of conductive rings.
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[0014] In some aspects, the plurality of conductors com-
prises at least four conductors. In some aspects, the hollow
shaft is electrically grounded. In some aspects, the slip ring
assembly is disposed between the connector and the motor. In
some aspects, the motor is disposed between the connector
and the slip ring assembly. In some aspects, the interface
module further comprises an encoder.

[0015] Additional aspects, features, and advantages of the
present disclosure will become apparent from the following
detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Illustrative embodiments of the present disclosure
will be described with reference to the accompanying draw-
ings, of which:

[0017] FIG. 1isadiagrammatic schematic view of an intra-
vascular ultrasound (IVUS) imaging system according to
aspects of the present disclosure.

[0018] FIG. 2is a perspective view of an interface module
according to aspects of the present disclosure.

[0019] FIG. 3a is a diagrammatic side view of an interface
module according to aspects of the present disclosure.
[0020] FIG. 35 1s a diagrammatic, cross-sectional, top view
of the interface module of FIG. 3a.

[0021] FIG. 4a is a diagrammatic side view of an interface
module according to aspects of the present disclosure.
[0022] FIG. 4bis adiagrammatic, cross-sectional, top view
of the interface module of FIG. 4a.

DETAILED DESCRIPTION

[0023] For the purposes of promoting an understanding of
the principles of the present disclosure, reference will now be
made to the embodiments illustrated in the drawings, and
specific language will be used to describe the same. It is
nevertheless understood that no limitation to the scope of the
disclosure is intended. Any alterations and further modifica-
tions to the described devices, systems, and methods, and any
further application of the principles of the present disclosure
are fully contemplated and included within the present dis-
closure as would normally occur to one skilled in the art to
which the disclosure relates. For example, while the mini-
mally invasive medical sensing system is illustrated an IVUS
system configured for cardiovascular imaging, it is under-
stood that the sensing system is not intended to be limited to
this application. The techniques and structures disclosed
herein are equally adaptable for use in other medical sensing
systems. Further, the IVUS system disclosed herein equally
well suited to any application requiring imaging within a
confined cavity. In particular, it is fully contemplated that the
features, components, and/or steps described with respect to
one embodiment may be combined with the features, com-
ponents, and/or steps described with respect to other embodi-
ments of the present disclosure. For the sake of brevity, how-
ever, the numerous iterations of these combinations will not
be described separately.

[0024] Embodiments of the present disclosure provide
devices, systems, and methods for an interface module
including a slip ring assembly in a rotational IVUS imaging
system. The slip ring assembly facilitates the transfer of time
varying or AC signals as well as DC signals. The slip ring
assembly includes rotating conductive rings in mechanical
contact with stationary brushes, providing direct electrical
connection across the rotating interface. As a result, both AC
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and DC signals can be passed from the stationary to the
rotating side. An interface module capable of transferring
both AC and DC signals between rotating and stationary
portions of the IVUS imaging system allows the use of
advanced transducer components, such as a PMUT element.
For example, a transducer assembly with a PMUT can also
include an amplifier that receives and amplifies signals rep-
resentative of ultrasound echoes received by the PMUT ele-
ment. DC power can be provided to the amplifier from the
stationary portion of the imaging system to the rotating por-
tion via the slip ring assembly. AC signals, such as radiofre-
quency signals representative of ultrasound returns, can also
be transmitted across the slip ring assembly.

[0025] In some embodiments, the interface module
includes a connector that is removably coupled to an intra-
vascular device having an ultrasound transducer. The ultra-
sound transducer is also electrically connected to the inter-
face module via the connector. The interface module includes
amotor thatis coupled to the connector and that rotates a drive
cable of the intravascular device when the motor is activated.
The motor is also coupled to the slip ring assembly and rotates
the conductive rings when the motor is activated. Conductors
extend from the connector to the conductive rings to electri-
cally connect the connector and the slip ring assembly. As a
result, the intravascular device (e.g., the transducer element
and/or other electronic components) are electrically con-
nected to the stationary brushes of the slip ring assembly. This
is because the intravascular device is electrically coupled to
the connector, the conductors electrically couple the connec-
tor and the conductive rings, and the conductive rings are
electrically coupled to the stationary brushes. Thus, AC and
DC signals can be transmitted from the stationary brushes to
the transducer element and/or other electronic components of
the intravascular device (and/or vice versa, from the rotating
portion of the imaging system to the stationary portion). In
some embodiments, the conductors of the interface module
are disposed within a hollow shaft that extends through the
motor. In some embodiments, four conductors electrically
couple a connector of the interface module and the spinning
element of the slip ring assembly.

[0026] FIG.1isadiagrammatic schematic view of an intra-
vascular ultrasound (IVUS) imaging system 100 according to
an embodiment of the present disclosure. At a high level, the
IVUS imaging system 100 includes an intravascular device
102 coupled by an interface module 120 (also referred to as a
patient interface module or PIM) to a computing device 130.
The computing device 130 is coupled to a display device 140
that displays IVUS images, such the IVUS images generated
by the IVUS imaging system 100 based on the data obtained
by the intravascular device 102.

[0027] The intravascular device 102 (such as a catheter,
guide wire, or guide catheter) is capable of collecting ultra-
sound data while positioned within a vessel (such as a blood
vessel). The intravascular device 102 has an elongate body
104 and an elongate transducer shaft 106. The body 104 is
flexible and has both a proximal portion 110 and a distal
portion 112. The body 104 can be a sheath surrounding the
flexible transducer shaft 106. For explanatory purposes, the
body 104 in FIG. 1 is illustrated as visually transparent such
that the transducer shaft 106 disposed therein can be seen,
although it will be appreciated that the body 104 may or may
not be visually transparent. The transducer shaft 106 can be
flushed with a sterile fluid, such as saline, within the body
104. The fluid serves to eliminate air pockets around the
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transducer shaft 106 that adversely affect quality of the TVUS
images generated by the intravascular device 102. The fluid
can also act as a lubricant. The transducer shaft 106 has a
proximal end portion 114 disposed within the proximal end
portion 110 of the body 104 and a distal end portion 116
disposed within the distal end portion 112 of the body 102.

[0028] Thedistal portion 112 of the body 102 and the distal
portion 116 of the transducer shaft 106 are inserted into a
patient during the operation of the intravascular device 102.
In that regard, the IVUS imaging system 100 may be utilized
in a variety of applications and can be used to image vessels
and structures within a living body. For example, the vessels
can be fluid filled or surrounded structures, both natural and
man-made, within a living body and can include for example,
but without limitation, structures such as: organs including
the liver, heart, kidneys, gall bladder, pancreas, lungs; ducts;
intestines; nervous system structures including the brain,
dural sac, spinal cord and peripheral nerves; the urinary tract;
as well as valves within the blood or other systems of the
body. In addition to imaging natural structures, the images
may also include imaging man-made structures such as, but
without limitation, heart valves, stents, shunts, filters and
other devices positioned within the body. The usable length of
the intravascular device 102 (e.g., the portion that can be
inserted into a patient) can be any suitable length and can be
varied depending upon the application.

[0029] The transducer shaft 106 includes a drive cable 122
and a transducer subassembly 108 at the distal portion 116.
The transducer subassembly 108 can be coupled to and/or
disposed within a transducer housing. The transducer subas-
sembly 108 and/or the transducer housing is attached to the
drive cable 122 at the distal end portion 116 of the transducer
shaft 104. The drive cable 122 is rotated within the body 102
about a longitudinal axis 124 by a motor within the interface
module 120, as described within respect to FIGS. 2-4b. Rota-
tion of the drive cable 122 in turn causes rotation of transducer
subassembly 108 and/or the transducer housing about the
longitudinal axis 124.

[0030] The transducer assembly 108 can include a single
transducer element that is disposed at the distal portion 116 of
the transducer shaft 106. The transducer subassembly 108 can
include any suitable type of ultrasound transducer. In an
embodiment, the transducer element is a piezoelectric micro-
machined ultrasound transducers (PMUT) fabricated on a
microelectromechanical system (MEMS) substrate using a
polymer piezoelectric material, for example as disclosed in
U.S. Pat. No. 6,641,540, which is hereby incorporated by
reference in its entirety. In alternate embodiments, the trans-
ducer is a piezoelectric zirconate transducer (PZT) trans-
ducer, such as bulk PZT transducer, capacitive microma-
chined ultrasound transducer (CMUT), single crystal
piezoelectric material, other suitable ultrasound transmitter
and receiver, and/or combination thereof. The transducer sub-
assembly 108 can additionally include one or more electronic
components electrically connected to and/or otherwise in
communication with the transducer element. For example,
the transducer subassembly 108 can include control circuitry
for controlling emission of ultrasonic energy from the trans-
ducer element and acquisition of return echoes. For example,
the transducer subassembly 108 can include an application
specific integrated circuit (ASIC), an amplifier, a pulser, a
protect circuit, timing and control circuitry, and/or other suit-
able components. The amplifier can receive and amplify sig-
nals representative of ultrasound echoes received by the trans-
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ducer element, as may be needed in some circumstances
when the transducer element is a PMUT. An intravascular
device utilizing a PMUT element is described in Paul Dou-
glas Corl, U.S. patent application Ser. No. 13/892,045, “Cir-
cuit Architectures and Flectrical Interfaces for Rotational
Intravascular Ultrasound (IVUS) Devices,” filed May 10,
2013, now U.S. Pat. No. 8,864,674 issued Oct. 21, 2014, the
entirety of which is hereby incorporated by reference herein.
As described herein, DC power can be provided to the ampli-
fier between stationary and rotating portions of the imaging
system 100 via the slip ring assembly of the interface module.

[0031] The intravascular device 102 is coupled to the inter-
face module 120. In that regard, the proximal end portion 110
of the body 104 and the proximal end portion 114 of the
transducer shaft 106 are mechanically connected to the inter-
face module 120. For example, the proximal end portions
110, 114 are fitted with a catheter hub 118 that is removably
connected to the interface module 120. Connection of the
intravascular device 102 and the interface module 120 via the
catheter hub 118 facilitates mechanical and electrical connec-
tion between components of the intravascular device 102 and
the interface module 120. For example, the transducer shaft
106 can be rotatably coupled to a catheter connector within
the interface module 120 such that the motor within the inter-
face module 120 rotates the drive cable 122 and the transducer
subassembly 108. The catheter hub 118 can include a mating
component with electrical contacts that facilitates the transfer
of electric signals between the intravascular device 102 and
the interface module 120. Additionally, the interface module
120 provides a transition between a rotating portion of the
IVUS imaging system 100 and a stationary portion. As
described herein, slip ring(s) can be implemented in the inter-
face module 120 to facilitate the transfer of both AC and DC
signals across the rotary interface. In an embodiment, the
intravascular device 102 includes a memory component (e.g.,
an electrically erasable programmable read-only memory or
EEPROM, or other suitable device) disposed adjacent to or
within the catheter hub 118 that stores data about the intra-
vascular device 102. Electric signals to and/or from the com-
puting device 130 that are associated with accessing data
from the memory component can be transmitted via the slip
ring assembly.

[0032] The interface module 120 also facilitates communi-
cation of signals between the computing device 130 and the
intravascular device 102 to control the operation of the trans-
ducer subassembly 108. Controlling the operation of the
transducer subassembly 108 can include generating control
signals to configure the transducer element, generating exci-
tation signals to trigger the transducer element to emit ultra-
sonic energy, and/or forwarding echo signals captured by the
transducer element to the computing device 130. With regard
to the echo signals, the interface module 120 forwards the
received signals to the computing device 130 and, in some
embodiments, performs preliminary signal processing prior
to transmitting the signals to the computing device 130. In
examples of such embodiments, the interface module 120
performs amplification, filtering, and/or aggregating of the
data. In that regard, the interface module 120 can include a
printed circuit board with one or more electronic components
to perform the functions described herein. In an embodiment,
the interface module 120 also supplies high- and low-voltage
DC power to support operation of the circuitry within the
transducer subassembly 108. For example, DC signal can be
transmitted to an amplifier of the transducer subassembly
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108. Time-varying radiofrequency (RF) signals from the
transducer subassembly 108 can be transmitted to the com-
puting device 130. The signals described herein and other
signals can be transmitted between the computing device 130
and the intravascular device 102 via the slip ring assembly of
the interface module 120. The intravascular device 102
includes conductor(s) within the transducer shaft 106 to
facilitate transmission of electric signals between the trans-
ducer subassembly 108 and the catheter hub 118. In that
regard, one, two, three, four, five, six, seven, or more conduc-
tors can be disposed within the transducer shaft 106. Simi-
larly, the interface module 120 includes one, two, three, four,
five, six, seven, or more conductors to facilitate the transmis-
sion of electric signals between a connector and a spinning
element of the slip ring assembly. A four-wire arrangement is
described in U.S. patent application Ser. No. 13/892,045,
filed May 10, 2013, the entirety of which is hereby incorpo-
rated by reference herein.

[0033] The computing device 130 receives the data from
the transducer subassembly 108 by way of the interface mod-
ule 120 and processes the data to create an image of the tissue
surrounding the transducer assembly 108. The computing
device 130 may also display the image on the display device
140.

[0034] FIGS. 2, 3a, and 354 illustrate an interface module
according to an embodiment of the present disclosure. F1G. 2
is a perspective view of the interface module 200, FIG. 3a is
a diagrammatic side view of the interface module 200, and
FIG. 35 is a diagrammatic, cross-sectional, top view of the
interface module 200 taken along section line 35-35 of FIG.
3a. The interface module 200 is similar to the interface mod-
ule 120 of FIG. 1. FIG. 2 is similar to FIGS. 3a and 3b except
that their orientations differ by 180°, That is, the proximal
side of the interface module 200 is on the left side of FIG. 2,
while the proximal side of the interface module 200 is on the
right side of FIGS. 3a and 3b. At a high level, the interface
module 200 includes a connector 202, motor 204, and slip
ring assembly 208.

[0035] Theconnector 202 provides mechanical and electri-
cal connection between interface module 200 and the intra-
vascular device 102. The connector 202 includes a mating
component 320 that mechanically receives or is received
within a corresponding mating component ofthe catheter hub
118 (FIG. 1). The connector 202 is rotatably coupled to the
proximal end of the transducer shaft 106 (FIG. 1) via the
mating component 320. For example, the mating component
320 is capable of rotating such that rotation caused by the
motor 204 can be transmitted to the drive cable 122 (FIG. 1).
The mating component 320 includes electrical contacts such
that the intravascular device 102 (e.g., the transducer subas-
sembly 108) and the interface module 120 are electrically
connected. In the illustrated embodiments, the mating com-
ponent 320 includes four contacts.

[0036] The motor 204 controls rotation of the drive cable
122 and the transducer subassembly 108 (FIG. 1) of the
intravascular device 102. The motor 204 also controls rota-
tion of a spinning element 310 of a slip ring assembly 208. In
that regard, the motor 204 is mechanically connected (di-
rectly or indirectly) to the mating component 320 of the
connector 202 and spinning element 310. For example, the
motor 204 includes rotating shaft 330 that is coupled to the
mating component 320 and the spinning element 310. In the
embodiment of FIGS. 2, 3a, and 35, the motor 204 is disposed
between the connector 202 and the spinning element 310 of
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the slip ring assembly 208. In an embodiment, the motor 204
drives the shaft 330 to rotate at 1800 revolutions per minute,
which corresponds to TVUS images generated by the com-
puting device 130 and displayed by the display device 140
(FIG. 1) at 30 frames per second. In various embodiments, the
motor can be driven at different rotational frequencies.

[0037] The motor 204 can be fabricated and/or otherwise
acquired with the shaft 330 extending therethrough. For
example, the shaft 330 can be concentrically disposed within
the motor 204 and extend longitudinally through the motor.
The shaft 330 can at least partially extend through one or
more components of the interface module 200 (e.g., the con-
nector 202, the motor 204, the encoder 206, and/or the slip
ring assembly 208). The shaft 330 does not extend completely
through the slip ring assembly 208 in some embodiments.
The shaft 330 can completely extend through one or more
components of the interface module 220 (e.g., the motor 204
and/or the encoder 206). Thus, the motor 204 and/or the
encoder 206 can be positioned in any configuration between
the connector 202 and the slip ring assembly 208. The shaft
330 can be a unitary component or can be composed of two or
more constituent parts.

[0038] Insomeembodiments, the shaft 330 is hollow. That
is, an interior of the shaft 330 can include a lumen to allow
passage of one or more conductors from the connector 202 to
the slip ring assembly 208. In that regard, a plurality of
conductors are disposed at least partially within the shaft 330
to electrically couple the mating component 320 with the
spinning element 310 of the slip ring assembly 208. In an
embodiment, four conductors are disposed within the shaft
330 and extend between the connector 202 and the slip ring
assembly 208. For example, when the transducer subassem-
bly 108 (FIG. 1) includes a PMUT, one or more of the four
conductors can transmit AC excitation signals to the trans-
ducer subassembly 108, DC power to an amplifier electrically
connected to the PMUT, and/or AC return signals from the
transducer subassembly 108 to the computing device 130. In
other embodiments, more or fewer conductors are provided
within the interface module 200. For example, one, two,
three, four, five, six, seven, or more conductors can be pro-
vided within the interface module 200. In some embodi-
ments, in addition to the four conductors related to transducer
operation described above, a fifth conductor can be provided
to facilitate communication of signals between the computing
device 130 and a memory component (e.g., EEPROM) of the
intravascular device 102. In some embodiments, a sixth con-
ductor can be provided to electrically couple the shaft 330 to
ground. In some embodiments, not all of the conductors dis-
posed within the shaft 330 extend between the connector 202
and the slip ring assembly 208. For example, the sixth con-
ductor for grounding the shaft 330 can be provided within the
interface module 200 at or near the proximal portion of the
shaft 330.

[0039] Slip ring assembly 208 is a mechanical device com-
prised of electrically conductive rings and brushes. The slip
ring assembly 208 also provides a transition between rotating
and stationary portions of the interface module 120 and the
IVUS imaging system 100 more generally. The slip ring
assembly 208 includes a spinning element 310. The spinning
element 310 can include one or more conductive rings
mounted on a slip ring shaft or cylinder that rotates when
driven by the motor 204. In other embodiments, the conduc-
tiverings are stationary, while the motor 204 drives rotation of
the brushes. It is understood that the conductive rings can be
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made of any suitable conductive material, including gold,
silver, other precious metals, etc. The plurality of conductive
rings of the slip ring shaft 310 can be electrically isolated
from one another. The number of conductive rings on the slip
ring shaft 310 varies and can be as many as required to
facilitate transfer of the DC and AC signals related to opera-
tion of the intravascular device 102. In an embodiment, the
slip ring shaft 310 includes the same number of conductive
rings as there are conductors within the interface module 102.
For example, the slip ring shaft 310 can include one, two,
three, fourth, five, six, seven, or more conductive rings. Each
of the conductors within the interface module 102 can termi-
nate at one of the conductive rings and be electrically and/or
mechanically coupled thereto.

[0040] The slip ring assembly 208 includes a stationary
element 312. The stationary element 312 can include one or
more brushes, springs, and/or other suitable contact elements.
The stationary element 312 is disposed proximate the spin-
ning element 310 such that the brushes of the stationary
element 312 and the conductive rings of spinning element 310
are in mechanical contact. As result, the stationary element
312 and the intravascular device 102 are electrically con-
nected via the slip ring assembly 208. The stationary element
can be made of any suitable conductive material including,
e.g., gold, silver, other precious metals, etc. The stationary
element is non-rotating. In that regard, the slip ring assembly
includes a pin 340 that prevents rotation of the stationary
element 312 while the spinning element 310 rotates. When
the motor shaft 330 and slip ring shaft rotate 310, the wiping
action of the brushes on the conductive rings provides an
electrical connection. Because the conductive rings and
brushes provide direct electrical connection across the rotat-
ing interface, both time varying and DC signals can be passed
from the stationary to the rotating side. Each of a plurality of
conductors 342 is electrically connected to a corresponding
portion of the stationary element 312. The plurality of con-
ductors 342 can transmit signals to and from the computing
device 130 (FIG. 1). In some embodiments, a slip ring assem-
bly available from Moog Inc. of East Aurora, N.Y. is imple-
mented in the interface module 200 as the slip ring assembly
208.

[0041] In some embodiments, the interface module 200
includes an encoder 206. Encoder 206 is utilized to provide
motion control for the motor 204. In particular, encoder 206
ensures that the motor 204 is accurately and precisely driven
at the desired frequency (e.g., 1800 RPM). The encoder 206
can provide comparatively higher resolution control over
rotational frequency, which in turn leads to more stable rota-
tional frequency during operation and ultimately better IVUS
image quality. The encoder 206 also generates positional
information for the motor 204 to provide accurate ultrasound
signal synchronization. For example, encoder 206 can track a
rotation of the motor 204 such that computing device 130 is
triggered to start a new IVUS image frame at each revolution
(e.g., one frame per revolution). The encoder 206 also tracks
the rotation of the motor 204 to control the transducer firing
sequence. For example, the transducer subassembly 108 is
triggered to fire a desire number of times and at desired
intervals during each revolution (e.g., 512 firings per revolu-
tion at equally spaced intervals). In the embodiment of FIGS.
2a, 3a, and 3b, the encoder 206 is disposed between the motor
204 and the slip ring assembly 208. The shaft 330 and the
plurality of conductors disposed therein can extend through
the encoder 206.
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[0042] In some embodiments, the interface module 200
includes spacing elements 210 and 212 that ensure appropri-
ate spacing and facilitate mechanical connection between the
connector 202, the motor 204, the encoder 206, and/or the slip
ring assembly 208. In the embodiment of FIGS. 2a, 3a, and
3b, the spacing element 210 is disposed between the connec-
tor 202 and the motor 204, while the spacing element 212 is
disposed between the encoder 206 and the slip ring assembly
208. The shaft 330 and the plurality of conductors disposed
therein can extend through one or both of the spacing ele-
ments 210, 212.

[0043] FIGS. da and 4b illustrate an interface module
according to another embodiment of the present disclosure.
FIG. 4a is a diagrammatic side view of the interface module
200, and FIG. 44 is a diagrammatic, cross-sectional, top view
of the interface module 200 along section line 45-45 of FIG.
4a. The interface module 400 is similar to the interface mod-
ule 120 of FIG. 1 and the interface module 200 of FIGS. 2, 34,
and 3b. However, a slip ring assembly 408 of the interface
module 400 is configured such that a rotatable, hollow shaft
430 extends entirely through the slip ring assembly 408. The
shaft 430 is coupled to and extends between a connector 402
and a motor 404. Because the shaft 430 extends entirely
through the slip ring assembly 408, the slip ring assembly 408
can be placed anywhere in the interface module 400 between
the connector 402 and the motor 404. For example, the slip
ring assembly 408 can be positioned to maximize the distance
from the motor 404 such that relatively less noise affects the
slip ring assembly 408.

[0044] The connector 402, the motor 404, and the slip ring
assembly 408 are respectively similar to the connector 202,
the motor 204, and the slip ring assembly 208 (FIGS. 2, 3a,
and 3b). In that regard, connector 402 is rotatably coupled to
a proximal end of the transducer shaft 106 (FIG. 1) via the
mating component 420. The mating component 420 mechani-
cally and electrically couples the intravascular device 102 and
the interface module 400 when connected to the catheter hub
118 (FIG. 1). The mating component 420 is similar to mating
component 320 (FIGS. 2, 34, and 35). The shaft 430 can be
hollow such that the shaft 430 includes a lumen to allow
passage of one or more conductors from the connector 402 to
the slip ring assembly 408. For example, the one or more
conductors can extend between the mating component 420
and the slip ring assembly 408. The shaft 430 is similar to the
shaft 330 (FIGS. 2, 34, and 3b). In some embodiments, the
shaft 430 is a unitary component, while in other embodi-
ments, the shaft 430 is composed of two or more constituent
portions. In the embodiment of FIGS. 4a and 44, the slip ring
assembly 408 is disposed between the connector 402 and the
motor 404. Accordingly, the shaft 430 extends through the
slip ring assembly 408, between the mating component 420
and the motor 404. The shaft 430 does not extend completely
through the motor 404 and/or the encoder 406 in some
embodiments. In some embodiments, a slip ring assembly
available from Electro-Miniatures Corp. of Moonachie, N.J.
is implemented in the interface module 400 as the slip ring
assembly 408. The interface module 400 also includes an
encoder 406 that is similar to the encoder 206 (FIGS. 2, 3a,
and 3b). In some embodiments, the encoder 406 is integrally
formed with the motor 404. In other embodiments, the
encoder 406 and the motor 404 are separate components. In
the embodiment of FIGS. 4a and 44, the motor 404 is dis-
posed between the slip ring assembly 408 and the encoder
406. The interface module 400 also includes spacer elements
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410, 412, 414, and 416 to ensure appropriate spacing and
facilitate mechanical connection between connector 402, slip
ring assembly 408, and motor 404. The spacer elements 410
and 414 are disposed between connector 402 and the slip ring
assembly 408. The spacer elements 412 and 416 are disposed
between the slip ring assembly 408 and the motor 404. The
shaft 430 extends through the spacer elements 410, 412, 414,
and 416. The spacer elements 410, 412, 414, and 416 can be
similar to the spacer elements 210, 212 (FIGS. 2, 3a, and 35).
[0045] Persons skilled in the art will recognize that the
apparatus, systems, and methods described above can be
modified in various ways. Accordingly, persons of ordinary
skill in the art will appreciate that the embodiments encom-
passed by the present disclosure are not limited to the par-
ticular exemplary embodiments described above. In that
regard, although illustrative embodiments have been shown
and described, a wide range of modification, change, and
substitution is contemplated in the foregoing disclosure. For
example, the features of various embodiments can be com-
bined with features of different embodiments. One or more
steps can be added to or removed from the methods described
herein. A person of ordinary skill in the art will understand
that the steps of the method can be performed in an order
different than the order described herein. It is understood that
such variations may be made to the foregoing without depart-
ing from the scope of the present disclosure. Accordingly, it is
appropriate that the appended claims be construed broadly
and in a manner consistent with the present disclosure.

What is claimed is:

1. An intravascular ultrasound (IVUS) imaging system,
comprising:

an intravascular device including a transducer shaft with an

ultrasound transducer at a distal end; and

an interface module removably coupled to the intravascular

device, the interface module including:

a connector rotatably coupled to a proximal end of the
transducer shaft;

a motor coupled to the connector;

a spinning element coupled to the motor, wherein the
spinning element comprises four conductive rings;

a stationary element comprising a plurality of brushes,
wherein the stationary element is disposed proximate
the spinning element such that a different one of the
plurality of brushes is in mechanical contact with each
of the four conductive rings; and

four conductors coupled to the connector and the spin-
ning element such that the stationary element and the
intravascular device are in electrical communication.

2. The IVUS imaging system of claim 1, wherein the intra-
vascular device further comprises an electronic component in
electrical communication with the stationary element of the
interface module.

3. The IVUS imaging system of claim 2, wherein the ultra-
sound transducer comprises a piezoelectric micromachined
ultrasonic transducer (PMUT).

4. The IVUS imaging system of claim 3, wherein the elec-
tronic component comprises an amplifier.

5. The IVUS imaging system of claim 1, wherein the spin-
ning element is disposed between the connector and the
motor.

6. The IVUS imaging system of claim 1, wherein the motor
is disposed between the connector and the spinning element.
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7. The IVUS imaging system of claim 6, wherein the inter-
face module further comprises a hollow shaft extending
through the motor, and between the connector and the spin-
ning element.

8. The TVUS imaging system of claim 7, wherein the four
conductors are at least partially disposed within the hollow
shaft.

9. The IVUS imaging system of claim 8, wherein the hol-
low shaft is electrically grounded.

10. The IVUS imaging system of claim 8, wherein the
interface module comprises at least five conductors.

11. The IVUS imaging system of claim 1, wherein the
intravascular device further comprises four conductors
coupled to the ultrasound transducer and a connector hub at
the proximal end of the transducer shaft, wherein, when the
connector hub of the intravascular device is connected to the
connector of interface module, the stationary portion of the
interface module is in electrical communication with the
ultrasound transducer.

12. An interface module for an intravascular ultrasound
imaging system, the interface module comprising:

a connector rotatably coupled to a transducer shaft of an

intravascular device;

amotor coupled to the connector;

aspinning element coupled to the motor, wherein the spin-
ning element comprises four conductive rings;

a stationary element comprising a plurality of brushes,
wherein the stationary element is disposed proximate
the spinning element such that a different one of the
plurality of brushes is in mechanical contact with each of
the four conductive rings; and

four conductors coupled to the connector and the spinning
element such that the stationary element and the intra-
vascular device are in electrical communication.

13. The interface module of claim 12, wherein the motor is

disposed between the connector and the spinning element.
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14. The interface module of claim 13, further comprising a
hollow shaft extending through the motor, and between the
connector and the spinning element, wherein the four con-
ductors are at least partially disposed within the hollow shaft.

15. The interface module of claim 14, wherein the hollow
shaft is electrically grounded.

16. An interface module for an intravascular ultrasound
device, the interface module comprising:

a connector rotatably coupled to a transducer shaft of the

intravascular ultrasound device;

a motor coupled to the connector such that the connector
rotates when the motor is activated, wherein the motor
comprises a hollow shaft extending therethrough;

a slip ring assembly coupled to the motor, wherein the slip
ring assembly includes a plurality of conductive rings
and a plurality of brushes, wherein each of the plurality
of brushes are in mechanical contact with at least one of
the plurality of conductive rings, and wherein the slip
ring assembly is coupled to the motor such that the
plurality of conductive rings rotates when the motor is
activated; and

a plurality of conductors at least partially disposed within
the hollow shaft, wherein the plurality of conductors
electrically couple the connector and the plurality of
conductive rings.

17. The interface module of claim 16, wherein the plurality

of conductors comprises at least four conductors.

18. The interface module of claim 16, wherein the hollow
shaft is electrically grounded.

19. The interface module of claim 16, wherein the slip ring
assembly is disposed between the connector and the motor.

20. The interface module of claim 16, whetein the motor is
disposed between the connector and the slip ring assembly.
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