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Interconnects for intravascular ultrasound (IVUS) devices

TECHNICAL FIELD OF THE INVENTION
The present disclosure relates generally to intravascular ultrasound (IVUS)

imaging inside a living body.

BACKGROUND OF THE INVENTION

Intravascular ultrasound (IVUS) imaging is widely used in interventional
cardiology as a diagnostic tool for 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. To perform an IVUS imaging study, an IVUS catheter that incorporates one or
more ultrasound transducers is passed into the vessel and guided to the area to be imaged.
The transducers emit and receive ultrasonic energy in order to create an image of the vessel
of interest. Ultrasonic waves are partially reflected by discontinuities arising from tissue
structures (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 a transducer and passed along to an
IVUS imaging system, which is connected to the IVUS catheter by way of a patient interface
module (PIM). The imaging system processes the received ultrasound signals to produce a
cross-sectional image of the vessel where the device is placed.

There are two types of IVUS catheters commonly in use today: rotational and
solid-state. For a typical rotational IVUS catheter, 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 perpendicular to the axis of the device. The fluid-filled sheath protects
the vessel tissue from the spinning transducer and driveshaft 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.
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In contrast, solid-state IVUS catheters carry an ultrasound scanner assembly
that includes an array of ultrasound transducers distributed around the circumference of the
device connected to a set of transducer control circuits. The transducer control circuits select
individual transducers for transmitting an ultrasound pulse and for receiving the echo signal.
By stepping through a sequence of transmitter-receiver pairs, 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 rotating element, the interface is simplified. The solid-state scanner can
be wired directly to the imaging system with a simple electrical cable and a standard
detachable electrical connector.

One factor in IVUS catheter performance is catheter agility. Rotational
catheters tend to smoothly advance around corners due to the flexible rotating drive shaft
contained within the sheath. However, rotational catheters often require a long rapid
exchange tip to engage the guidewire, and the long tip may limit the advance of the imaging
core containing the transducer. For example, this may prevent the catheter from being
advanced to very distal locations within the coronary arteries. On the other hand, solid-state
IVUS catheters may have a shorter tip as the guidewire can pass through the interior lumen of
the scanner. However, some solid-state designs have rigid segments that limit the ability to
advance the catheter around sharp bends in the vasculature. Solid-state IVUS catheters also
tend to be larger in diameter than rotational catheters to accommodate the transducer array
and the associated electronics.

Another factor limiting catheter performance is the number of electrical
conductors or wires extending along the length of the device to facilitate the communication
of signals to and from the ultrasound transducer(s). For example, in some current commercial
products seven wires extend along the length of the catheter between a proximal connector
and the ultrasound assembly at the distal portion of the catheter. Due to the relatively large
number of conductors required and the limited space within the catheter, the connections to
the ultrasound assembly typically must be very small and, therefore, can be prone to
breakage/failure during the manufacturing process, transportation, and/or use.

While existing IVUS imaging systems have proved useful, there remains a
need for improvements in the design of the electrical interconnects utilized in IVUS catheters

to facilitate use of a fewer number of electrical leads and increase the durability of the
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devices. Accordingly, the need exists for improvements to the interconnect designs utilized in

IVUS catheter and the associated manufacturing techniques.

SUMMARY OF THE INVENTION

Embodiments of the present disclosure provide intravascular ultrasound
(IVUS) devices with robust, four-wire electrical interconnects.

In some embodiments, an intravascular ultrasound (IVUS) device is provided.
The IVUS device comprises: a catheter body; an ultrasound assembly coupled to a distal
portion of the catheter body; and four conductors extending along a length of the catheter
body, wherein a distal section of each of the four conductors has a flattened profile and
wherein the flattened distal section of each of the four conductors is electrically coupled to a
respective electrical contact of the ultrasound assembly. The ultrasound assembly can be a
phased-array ultrasound assembly or a rotational ultrasound assembly.

The electrical contacts of the ultrasound assembly can be bond pads. In some
instances, the distal section of each of the four conductors is electrically and mechanically
coupled to the respective bond pad of the ultrasound assembly by at least one of a solder, a
resistance weld, or a conductive adhesive. The electrical contacts of the ultrasound assembly
can include an upper portion and a lower portion such that the distal section of each of the
four conductors is positioned between the upper and lower portions of the respective
electrical contact. The distal section of each of the four conductors can be electrically and
mechanically coupled to the respective electrical contact of the ultrasound assembly by at
least one of a solder, a resistance weld, or a conductive adhesive and/or the distal section of
each of the four conductors can be press fit between the upper and lower portions of the
respective electrical contact. The electrical contacts of the ultrasound assembly can include
an opening such that the distal section of each of the four conductors is positioned within the
opening of the respective electrical contact. In some instances, each of the electrical contacts
is crimped to the distal section of each of the four conductors to electrically and mechanically
couple the distal section of each of the four conductors to the respective electrical contact of
the ultrasound assembly. The crimping of the electrical contact to the distal section of the
conductor can define the flattened profile of the distal section of the conductor in some
instances. The distal section of each of the four conductors can be mechanically coupled to
the respective electrical contact of the ultrasound assembly by at least one of a locking pin or

a locking screw.



10

15

20

25

30

WO 2016/198975 4 PCT/IB2016/052933

In some embodiments, an intravascular ultrasound (IVUS) system is provided
that includes an IVUS imaging device comprising: a catheter body; an ultrasound assembly
coupled to a distal portion of the catheter body; a proximal connector coupled to a proximal
portion of the catheter body; and four conductors extending along a length of the catheter
body, wherein a distal section of each of the four conductors has a flattened profile and
wherein the flattened distal section of each of the four conductors is electrically coupled to a
respective electrical contact of the ultrasound assembly, and wherein a proximal section of
each of the four conductors is coupled to the proximal connector; an interface module
configured to connect with the proximal connector of the imaging device; and an
intravascular ultrasound (IVUS) processing component in communication with the interface
module.

In some embodiments, a method of forming an intravascular imaging device is
provided that includes providing an ultrasound assembly; providing four conductors;
electrically coupling a distal section of each of the four conductors to a respective electrical
contact of the ultrasound assembly, wherein the distal section of each of the four conductors
has a flattened profile; and coupling the ultrasound assembly to a distal portion of a catheter
body and extending the four conductors along a length of the catheter body. The electrical
contacts of the ultrasound assembly can be bond pads and the step of electrically coupling the
distal section of each of the four conductors to the respective bond pad of the ultrasound
assembly includes at least one of soldering, resistance welding, or applying a conductive
adhesive.

In some instances, each of the electrical contacts of the ultrasound assembly
includes an upper portion and a lower portion and the method further includes positioning the
distal section of each of the four conductors between the upper and lower portions of the
respective electrical contact. Electrically coupling the distal section of each of the four
conductors to the respective electrical contact of the ultrasound assembly can include at least
one of soldering, resistance welding, or applying a conductive adhesive. Electrically coupling
the distal section of each of the four conductors to the respective electrical contact of the
ultrasound assembly can also include press fitting the distal section of each of the four
conductors between the upper and lower portions of the respective electrical contact.

In some instances, each of the electrical contacts of the ultrasound assembly
includes an opening and the method further includes positioning the distal section of each of
the four conductors within the opening of the respective electrical contact. Electrically

coupling the distal section of each of the four conductors to the respective electrical contact



10

15

20

25

30

WO 2016/198975 5 PCT/IB2016/052933

of the ultrasound assembly can include crimping each of the electrical contacts to the distal
section of each of the respective four conductors. In this regard, crimping the electrical
contact to the distal section of the conductor can define the flattened profile of the distal
section of the conductor. The method can further include mechanically coupling the distal
section of each of the four conductors to the respective electrical contact of the ultrasound
assembly by at least one of a locking pin or a locking screw.

In some embodiments, an intravascular ultrasound (IVUS) device is provided
that includes a catheter body; an ultrasound assembly coupled to a distal portion of the
catheter body, the ultrasound assembly including a first four-contact electrical connector; and
four conductors extending along a length of the catheter body, wherein the four conductors

are coupled to a second four-contact electrical connector for electrically and mechanically

mating to the first four-contact electrical connector. The first four-contact electrical connector

can be a female connector and the second four-contact electrical connector can be a male
connector. On the other hand, the first four-contact electrical connector can be a male

connector and the second four-contact electrical connector can be a female connector.

In some embodiments, a method of forming an intravascular imaging device is

provided that includes providing an ultrasound assembly with a first four-contact electrical
connector; providing four conductors; electrically coupling the four conductors to a second
four-contact electrical connector; coupling the first and second four-contact electrical
connectors together; and coupling the ultrasound assembly to a distal portion of a catheter
body and extending the four conductors along a length of the catheter body.

Additional aspects, features, and advantages of the present disclosure will

become apparent from the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

Mlustrative embodiments of the present disclosure will be described with
reference to the accompanying drawings, of which:

FIG. 1 is a diagrammatic schematic view of an imaging system according to
the present disclosure.

FIG. 2 is a diagrammatic, partial cutaway perspective view of an imaging
device according to the present disclosure.

FIG. 3 is a diagrammatic, cross-sectional side view of a distal portion of the

imaging device of Fig. 2.
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FIG. 4 is a diagrammatic side view of components of the distal portion of the
imaging device shown in Fig. 3, including a MEMS component and an ASIC component,
according to the present disclosure.

FIG. 5 is a diagrammatic top view of the ASIC component of the components
illustrated Fig. 4.

FIG. 6 is a diagrammatic schematic view of an imaging system according to
the present disclosure.

FIG. 7 is a top view of a portion of an ultrasound scanner assembly depicted in
its flat form according to the present disclosure.

FIG. 8 is a perspective view of an assembly with a four-wire interconnection
according to the present disclosure.

FIGS. 9a-9c illustrate an assembly with a four-wire interconnection according
to the present disclosure. FIG. 9a is a top view of the assembly; FIG. 9b is a side view of the
assembly; and FIG. 9c is a proximal end view of the assembly.

FIGS. 10a-11c illustrate an assembly with a four-wire interconnection
according to the present disclosure. FIG. 10a is a top view of the assembly without wires;
FIG. 10b is a side view of the assembly without wires; FIG. 10c is a proximal end view of the
assembly without wires; FIG. 11a is a top view of the assembly with wires; FIG. 11b is a side
view of the assembly with wires; and FIG. 11c is a proximal end view of the assembly with
wires.

FIGS. 12a-12c¢ illustrate an assembly with a four-wire interconnection
according to the present disclosure. FIG. 12a is a top view of the assembly; FIG. 12b is a side
view of the assembly; and FIG. 12¢ is a proximal end view of the assembly.

FIGS. 13a-15c illustrate an assembly with a four-wire interconnection
according to the present disclosure. FIG. 13a is a top view of the assembly without wires;
FIG. 13b is a side view of the assembly without wires; FIG. 13c is a proximal end view of the
assembly without wires; FIG. 14a is a top view of the assembly with wires freely positioned
within the assembly; FIG. 14b is a side view of the assembly with wires freely positioned
within the assembly; FIG. 14c is a proximal end view of the assembly with wires freely
positioned within the assembly; FIG. 15a is a top view of the assembly with wires crimped to
the assembly; FIG. 15b is a side view of the assembly with wires crimped to the assembly;

and FIG. 15¢ is a proximal end view of the assembly with wires crimped to the assembly.
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FIGS. 16a-16c¢ illustrate an assembly with a four-wire interconnection
according to the present disclosure. FIG. 16a is a top view of the assembly; FIG. 16b is a side
view of the assembly; and FIG. 16c¢ is a distal end view of the assembly.

FIGS. 17a-17¢ illustrate an assembly with a four-wire interconnection
according to the present disclosure. FIG. 17ais a top view of the assembly; FIG. 17b is a side

view of the assembly; and FIG. 17c is a distal end view of the assembly.

DETAILED DESCRIPTION OF THE EMBODIMENTS

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 modifications 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 disclosure as would normally occur to one skilled in the art to which the
disclosure relates. 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,
components, and/or steps described with respect to other embodiments of the present
disclosure. For the sake of brevity, however, the numerous iterations of these combinations
will not be described separately.

Referring to Fig. 1, shown therein is an IVUS imaging system 100 according
to an embodiment of the present disclosure. In particular, the IVUS imaging system 100
illustrates a rotational IVUS imaging system. In some embodiments of the present disclosure,
the IVUS imaging system 100 is a PMUT rotational IVUS imaging system. However, in
other embodiments the rotational IVUS imaging system 100 can utilize PZT, CMUT, and/or
other types of ultrasound transducers. The main components of the PMUT rotational IVUS
imaging system 100 are the PMUT rotational IVUS catheter 102, a PMUT catheter
compatible patient interface module (PIM) 104, an IVUS console or processing system 1006,
and a monitor 108 to display the IVUS images generated by the IVUS console 106. Some of
the aspects of the present disclosure that distinguish this PMUT IVUS imaging system 100
from a traditional rotational IVUS imaging system include the PMUT catheter 102 and the
PMUT-compatible PIM 104 that implements the appropriate interface specifications to
support the PMUT catheter 102. As discussed in greater detail below, the PMUT rotational
IVUS catheter 102 includes a PMUT ultrasound transducer along with its associated circuitry
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mounted near a distal tip of the catheter, a four conductor electrical cable, and the appropriate
electrical connector to support the rotational interface. The PMUT-compatible PIM 104
generates the required sequence of transmit trigger signals and control waveforms to regulate
the operation of the circuit and processes the amplified echo signals received over that same
conductor pair. The PMUT-compatible PIM 104 also supplies the high- and low-voltage DC
power supplies to support operation of the PMUT rotational IVUS catheter 102. An
important feature of the PMUT-compatible PIM 104 is that it must deliver DC supply
voltages to the PMUT circuitry of the catheter 102 across a rotational interface. This
requirement largely precludes the option of a rotary transformer, commonly used for
traditional rotational IVUS systems, since a transformer can only convey AC signals from the
primary to the secondary side. Practical options for delivering DC power across a rotating
interface include the use of slip-rings and/or the implementation of the active spinner
technology described in U.S. Patent Application Publication No. 2010/0234736, which is
hereby incorporated by reference in its entirety.

Referring now to Fig. 2, shown therein is a diagrammatic, partial cutaway
perspective view of the PMUT catheter 102 according to an embodiment of the present
disclosure. In that regard, Fig. 2 shows additional detail regarding the construction of the
PMUT rotational IVUS catheter 102. In many respects, this catheter is similar to traditional
rotational IVUS catheters, such as the Revolution® catheter available from Volcano
Corporation and described in U.S. Patent No. 8,104,479, or those disclosed in U.S. Patent
Nos. 5,243,988 and 5,546,948, each of which is hereby incorporated by reference in its
entirety. In that regard, the PMUT rotational IVUS catheter 102 includes an imaging core 110
and an outer catheter/sheath assembly 112. The imaging core 110 includes a flexible drive
shaft that is terminated at the proximal end by a rotational interface 114 providing electrical
and mechanical coupling to the PIM 104 of Fig. 1. The distal end of the flexible drive shaft of
the imaging core 110 is coupled to a transducer housing 116 containing the PMUT and
associated circuitry, which are described in greater detail below. The catheter/sheath
assembly 112 includes a hub 118 that supports the rotational interface and provides a bearing
surface and a fluid seal between the rotating and non-rotating elements of the catheter
assembly. The hub 118 includes a luer lock flush port 120 through which saline is injected to
flush out the air and fill the inner lumen of the sheath with an ultrasound-compatible fluid at
the time of use of the catheter. The saline or other similar flush is typically required since air
does not readily conduct ultrasound. Saline also provides a biocompatible lubricant for the

rotating driveshaft. The hub 118 is coupled to a telescope 122 that includes nested tubular
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elements and a sliding fluid seal that permit the catheter/sheath assembly 112 to be
lengthened or shortened to facilitate axial movement of the transducer housing within an
acoustically transparent window 124 of the distal portion of the catheter 102. In some
embodiments, the window 124 is composed of thin-walled plastic tubing fabricated from
material(s) that readily conduct ultrasound waves between the transducer and the vessel
tissue with minimal attenuation, reflection, or refraction. A proximal shaft 125 of the
catheter/sheath assembly 112 bridges the segment between the telescope 122 and the window
124, and is composed of a material or composite that provides a lubricious internal lumen and
optimum stiftness, but without the need to conduct ultrasound.

Referring now to Fig. 3, shown therein is a cross-sectional side view of a distal
portion of the catheter 102 according to an embodiment of the present disclosure. In
particular, Fig. 3 shows an expanded view of aspects of the distal portion of the imaging core
110. In this exemplary embodiment, the imaging core 110 is terminated at its distal tip by a
housing 116 fabricated from stainless steel and provided with a rounded nose 126 and a
cutout 128 for the ultrasound beam 130 to emerge from the housing 116. In some
embodiments, the flexible driveshaft 132 of the imaging core 110 is composed of two or
more layers of counter wound stainless steel wires, welded, or otherwise secured to the
housing 116 such that rotation of the flexible driveshaft also imparts rotation on the housing
116. In the illustrated embodiment, the PMUT MEMS 138 includes a spherically focused
transducer 142 and carries an application-specific integrated circuit (ASIC) 144. The ASIC
144 is electrically coupled to the PMUT MEMS 138 through two or more connections. In
that regard, in some embodiments of the present disclosure the ASIC 144 includes an
amplifier, a transmitter, and a protection circuit associated with the PMUT MEMS as
discussed above. In some embodiments, the ASIC 144 is flip-chip mounted to the substrate of
the PMUT MEMS 138 using anisotropic conductive adhesive or suitable alternative chip-to-
chip bonding method. When assembled together the PMUT MEMS 138 and the ASIC 144
form an ASIC/MEMS hybrid assembly 146 that is mounted within the housing 116. An
electrical cable 134 with optional shield 136 is attached to the ASIC/MEMS hybrid assembly
146 with solder 140. The electrical cable 134 extends through an inner lumen of the flexible
driveshaft 132 to the proximal end of the imaging core 110 where it is terminated to the
electrical connector portion of the rotational interface 114 shown in Fig. 2. In the illustrated
embodiment, the ASIC/MEMS hybrid assembly 146 is secured in place relative to the
housing 116 by an epoxy 148 or other bonding agent. The epoxy 148 also serves as an

acoustic backing material to absorb acoustic reverberations propagating within the housing
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116 and as a strain relief for the electrical cable 134 where it is soldered to the ASIC/MEMS
hybrid assembly 146.

Referring now to Figs. 4 and 5, shown therein are additional aspects of the
PMUT MEMS component 138 and ASIC 144 that form the ASIC/MEMS hybrid assembly
146. The MEMS component 138 in the embodiment of Figs. 4 and 5 is a paddle-shaped
silicon component with the piezoelectric polymer transducer 142 located in the widened
portion 149 of the substrate located at the distal end of the MEMS component 138. The
narrow portion of the substrate positioned proximal of the widened portion 149 is where the
ASIC 144 is mounted to the MEMS component 138. In that regard, the MEMS component
138 includes ten bond pads, with bond pads 150, 151, 152, 154, 156, and 158 of the MEMS
138 configured to match up respectively with six bond pads on the ASIC 144 when the ASIC
is flip-chip mounted onto the MEMS 138. The flip-chip mounting is accomplished using
anisotropic conductive adhesive, gold-to-gold thermosonic bonding, and/or other suitable
method. Solder reflow is not convenient for this application in some instances, since the
copolymer transducer element is subject to depoling at temperatures as low as 100° C, well
below conventional soldering temperatures. Anisotropic conductive adhesive can be cured at
temperatures below 100° C, as long as the cure time is increased to account for the low cure
temperature. In this embodiment, the bond pads 152, 154, 156, and 158 are coupled to bond
pads 162, 164, 166, and 168 by conductive traces included on the MEMS substrate, with the
bond pads 162, 164, 166, and 168 serving as terminations for the four conductors of the
electrical cable 134, shown in Fig. 3. In that regard, the transfer of signals over the four
conductors can be as described in U.S. Patent No. 8,864,674 titled “CIRCUIT
ARCHITECTURES AND ELECTRICAL INTERFACES FOR ROTATIONAL
INTRAVASCULAR ULTRASOUND (IVUS) DEVICES,” which is hereby incorporated by
reference in its entirety. The four conductors of the electrical cable 134 can be electrically
coupled to the MEMS component 138 using one or more of the techniques described below
with respect to Figs. 8-17c. In other embodiments, the four conductors of the electrical cable
134 are soldered or otherwise fixedly attached directly to the ASIC 144. For example, the
four conductors of the electrical cable 134 can be electrically coupled to the ASIC 144 using
one or more of the techniques described below with respect to Figs. 8-17c.

Referring now to Fig. 6, shown therein is a diagrammatic schematic view of an
intravascular ultrasound (IVUS) imaging system 200 according to an embodiment of the
present disclosure. In some embodiments, the IVUS imaging system 200 is a phased-array

ultrasound imaging system. In some particular embodiments of the present disclosure, the
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IVUS imaging system 200 is a piezoelectric zirconate transducer (PZT) solid-state IVUS
imaging system. In some embodiments, the system 200 incorporates capacitive
micromachined ultrasonic transducers (CMUTs), and/or piezoelectric micromachined
ultrasound transducers (PMUTs). The IVUS imaging system 200 may include an IVUS
catheter 202, a patient interface module (PIM) 204, an IVUS console or processing system
206, and/or a monitor 208.

At a high level, the IVUS catheter 202 emits ultrasonic energy from a scanner
assembly 210 at the tip of the device. The ultrasonic energy is reflected by tissue structures
surrounding the scanner 210 and the echo signals from the tissue are received and amplified
by the scanner 210.

The PIM 204 facilitates communication of signals between the IVUS console
206 and the IVUS catheter 202 to control the operation of the scanner assembly 210. This
includes generating control signals to configure the scanner and trigger the transmitter
circuits and transferring echo signals captured by the scanner assembly 210 to the IVUS
console 206. With regard to the echo signals, the PIM 204 forwards the received signals and,
in some embodiments, performs preliminary signal processing prior to transmitting the
signals to the console 206. In examples of such embodiments, the PIM 204 performs
amplification, filtering, and/or aggregating of the data. In an embodiment, the PIM 204 also
supplies high- and low-voltage DC power to support operation of the circuitry within the
scanner 210.

The IVUS console 206 receives the echo data from the scanner 210 by way of
the PIM 204 and processes the data to create an image of the tissue surrounding the scanner
210. The console 206 may also display the image on the monitor 208.

In some embodiments, the IVUS catheter includes some features similar to
traditional solid-state IVUS catheters, such as the EagleEye® catheter available from
Volcano Corporation and those disclosed in U.S. Patent No. 7,846,101 hereby incorporated
by reference in its entirety. For example, the IVUS catheter 202 includes the ultrasound
scanner assembly 210 at a distal end of the device 202 and a cable 212 extending along the
longitudinal body of the device 202. The cable 212 terminates in a connector 214 at a
proximal end of the device 202. The connector 214 electrically couples the cable 212 to the
PIM 204 and physically couples the IVUS catheter 202 to the PIM 204. In an embodiment,
the IVUS catheter 202 further includes a guide wire exit port 216. Accordingly, in some
instances the IVUS catheter is a rapid-exchange catheter. The guide wire exit port 216 allows

a guide wire 218 to be inserted towards the distal end in order to direct the device 202
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through a vessel 220. Vessel 220 represents fluid filled or surrounded structures, both natural
and man-made, within a living body that may be imaged 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. In an embodiment, the IVUS
catheter 202 also includes an inflatable balloon portion 222 near the distal tip. The balloon
portion 222 is open to a lumen that travels along the length of the IVUS catheter and ends in
an inflation port. The balloon 222 may be selectively inflated and deflated via the inflation
port.

The IVUS catheter 202 is designed to provide high-resolution imaging from
within narrow passageways. To advance the performance of IVUS imaging devices
compared to the current state of the art, embodiments of the present disclosure incorporate
advanced transducer technologies, such as PMUT, that offer wide bandwidth (>100%). The
broad bandwidth is important for producing a short ultrasound pulse to achieve optimum
resolution in the radial direction. The improved resolution provided by PMUT and other
advanced ultrasound transducer technologies facilitates better diagnostic accuracy, enhances
the ability to discern different tissue types, and enhances the ability to accurately ascertain
the borders of the vessel lumen. Embodiments of the present disclosure also have improved
flexibility and reduced diameter allowing greater maneuverability and leading to increased
patient safety and comfort. Specific embodiments also provide faster, more accurate, and less
expensive methods of manufacturing the device 202.

Referring now to Fig. 7, shown therein is a top view of a portion of an
ultrasound scanner assembly 210 according to an embodiment of the present disclosure. Fig.
7 depicts the ultrasound scanner assembly 210 in its flat form. The assembly 210 includes a
transducer array 252 and transducer control circuits 254 (including controllers 254a and 254b)
attached to a flex circuit 256. As indicated by the common reference numbers, the ultrasound
transducers 230 of the transducer array 252 can be substantially similar or identical to one
another. The transducer array 252 may include any number and type of ultrasound
transducers 230, although for clarity only a limited number of ultrasound transducers are
illustrated in Fig. 7. In an embodiment, the transducer array 252 includes 64 individual

ultrasound transducers 230. In a further embodiment, the transducer array 252 includes 32
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ultrasound transducers. Other numbers are both contemplated and provided for. In an
embodiment, the ultrasound transducers 230 of the transducer array 252 are piezoelectric
micromachined ultrasound transducers (PMUTSs) fabricated on a microelectromechanical
system (MEMS) substrate using a polymer piezoelectric material, for example as disclosed in
U.S. Patent 6,641,540, which is hereby incorporated by reference in its entirety. In alternate
embodiments, the transducer array includes piezoelectric zirconate transducers (PZT)
transducers such as bulk PZT transducers, capacitive micromachined ultrasound transducers
(cMUTs), single crystal piezoelectric materials, other suitable ultrasound transmitters and
receivers, and/or combinations thereof.

In the illustrated embodiment, scanner 210 having 64 ultrasound transducers
230 includes nine transducer control circuits 254, of which five are shown. Designs
incorporating other numbers of transducer control circuits 254 including 8, 9, 16, 17 and
more are utilized in other embodiments. In some embodiments, a single controller is
designated a master controller and configured to transfer signals to and from the four
conductors of the cable 212. In this regard, the four conductors of the electrical cable 212 can
be attached to master controller using one or more of the techniques described below with
respect to Figs. 8-17c. The remaining controllers are slave controllers. In the depicted
embodiment, the master controller 254a does not directly control any transducers 230. In
other embodiments, the master controller 254a drives the same number of transducers 230 as
the slave controllers 254b or drives a reduced set of transducers 230 as compared to the slave
controllers 254b. In the illustrated embodiment, a single master controller 254a and four
slave controllers 254b are provided. Eight transducers are assigned to each slave controller
254b. Such controllers may be referred to as 8-channel controllers based on the number of
transducers they are capable of driving.

The master controller 254a generates control signals for the slave controllers
254b based on configuration data and transmit triggers received via the cable 212. The master
controller 254a also receives echo data from slave controllers 254b and retransmits it on the
cable 212. To do so, in some embodiments, the master controller 254a includes an echo
amplifier. In this configuration, the master controller 254a receives unamplified or partially
amplified echo data and performs the necessary amplification for driving the echo data along
the conductors of the cable 212. This may provide additional room for a larger high-fidelity
amplifier. The transfer of signals over the four conductors of the cable 212, master controller
254a, and slave controllers 254b can be as described in U.S. Patent Application Publication

No. 2014/0187960 titled “INTRAVASCULAR ULTRASOUND IMAGING APPARATUS,
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INTERFACE ARCHITECTURE, AND METHOD OF MANUFACTURING,” which is
hereby incorporated by reference in its entirety.

In an embodiment, the flex circuit 256 provides structural support and
physically connects the transducer control circuits 254 and the transducers 230. The flex
circuit 256 may contain a film layer of a flexible polyimide material such as KAPTON™
(trademark of DuPont). Other suitable materials include polyester films, polyimide films,
polyethylene napthalate films, or polyetherimide films, other flexible printed circuit
substrates as well as products such as Upilex® (registered trademark of Ube Industries) and
TEFLON® (registered trademark of E.I. du Pont). The film layer is configured to be wrapped
around a ferrule to form a cylindrical toroid in some instances. Therefore, the thickness of the
film layer is generally related to the degree of curvature in the final assembled scanner 210.
In some embodiments, the film layer is between 5 um and 100 um, with some particular
embodiments being between 12.7 uym and 25.1 pm.

In an embodiment, the flex circuit 256 further includes conductive traces 260
formed on the film layer. Conductive traces 260 carry signals between the transducer control
circuits 254 and the transducers 230 and can provide a set of pads or other structures for
connecting the conductors of cable 212. Suitable materials for the conductive traces 260
include copper, gold, aluminum, silver, tantalum, nickel, and tin and may be deposited on the
flex circuit 256 by processes such as sputtering, plating, and etching. In an embodiment, the
flex circuit 256 includes a chromium adhesion layer. The width and thickness of the
conductive traces are selected to provide proper conductivity and resilience when the flex
circuit 256 is rolled. In that regard, an exemplary range for the thickness of a conductive trace
260 is between 10-50 um. For example, in an embodiment, 20 pm conductive traces 260 are
separated by 20 um of space. The width of a conductive trace 260 may be further determined
by the size of a pad or other connection structures or the width of a wire to be coupled to the
trace.

As the circuit may be rolled to form the finished scanner assembly, the control
circuits 254, including both master and slave controllers, may be shaped accordingly. This
may include a control circuit 254 edge configured to interface with an edge of an adjacent
control circuit 254. In some embodiments, the control circuits 254 include interlocking teeth
262a and 262b. For example, control circuits 254 may be formed with a recess and projection
262a that interlocks with a recess and projection 262b of an adjacent control circuit 254 to
form a box joint or finger joint. In some embodiments, a control circuit 254 includes a

chamfered edge 264, either alone or in combination with a recess and projection. The
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chamfered edge 264 may be configured to abut an edge of an adjacent control circuit 254. In
some such embodiments, the edge of the adjacent controller is chamfered as well. In some
embodiments, each of the controllers 254 interlocks with two adjacent controllers utilizing a
similar recess and projection interface. Other combinations, including embodiments utilizing
a number of different mechanisms, are contemplated and provided for. For example, in an
embodiment, edges of slave control circuits interfacing with a master control circuit have a
recess and projection configuration with a chamfered region while edges of slave control
circuits interfacing with other slave control circuits have a recess and projection
configuration without a chamfered region. Edge configurations that interlock adjacent control
circuits 254 may allow for closer control circuit spacing 254 and a reduced diameter in the
rolled configuration. Such configurations may also interlock to create a rigid structure and
thereby provide additional structural support for the rolled scanner assembly.

Referring now to Figs. 8-17c shown therein are various assemblies with a
four-wire interconnection for use in an intravascular ultrasound imaging device in accordance
with the present disclosure. In this regard, the features of one or more of the four-wire
interconnects shown and discussed below may be utilized in the context of the rotational
and/or phased-array imaging systems described above. In particular, the four-wire
interconnects are suitable for connecting to an ultrasound assembly within a distal portion of
a catheter in some implementations. In the context of a phased-array IVUS device, the four-
wire interconnects can allow a significant amount of additional catheter lumen space
compared to the industry standard seven-wire connections. This additional space can be used
to include additional device functionalities (actuation, additional delivery lumens, additional
sensors, etc.) and/or make the device more robust (increased column strength, pushability,
flex, ingress protection, etc.). Reducing the number of wires allows an IVUS catheter to have
a better flex radius as it goes through tortuous pathways, and more importantly reduces the
risk of broken wire or welds (intermittent image, lost image). Further, reducing the number of
wires to four allows for more robust connections to the transducer assembly, while remaining
integrated within the catheter body and retaining the overall device profile. For example, the
interconnects can utilize various wire/ transducer contact geometries, crimping, snap fit,
screw press fit, interference fit, and/or combinations thereof to create a robust and
mechanically stable connection. Further, some interconnect approaches can reduce the
overall duration of the wire bonding process while also simplifying the process. As a result,
the number of manufacturing errors can be reduced as a result of the improved designs and

manufacturing processes, creating labor costs savings and increasing product yield. Further,
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patient outcomes can be improved as a result of the minimization of procedure delays from
replacing devices suffering from loss and/or intermittent images from damaged interconnects.
Referring to Fig. 8, shown therein is a perspective view of an assembly 270 with a four-wire
interconnection according to the present disclosure. In particular, the assembly 270 shows the
scanner assembly 210 of a phased-array ultrasound catheter coupled to four conductors of a
cable 212 extending along the length of the catheter. As shown, the four-wire interconnection
provides a significant amount of catheter lumen space that can be used to include additional
functionalities (actuation, additional delivery lumens, pull wires, angled lumens for
navigation, rapid wire exchange mechanics, additional sensors, coatings, etc.), make the
catheter body more robust (increased column strength, pushability, flex, ingress protection,
etc.), and/or improve the flex radius of the radius as it goes through tortuous pathways.
Further, by having fewer electrical connections, the connections can be larger and more
robust while still occupying less space, which further reduces the risk of broken wire or
welds (intermittent image, lost image).

Referring now to Figs. 9a-9¢, shown therein is an assembly 300 with a four-
wire interconnection according to the present disclosure. In particular, Fig. 9a is a top view of
the assembly 300; Fig. 9b is a side view of the assembly 300; and Fig. 9c is a proximal end
view of the assembly 300. As shown, the assembly 300 includes a component 302 with
electrical contacts 304, 306, 308, and 310. The electrical contacts 304, 306, 308, and 310 can
be formed or plated with any suitable conductive material, including without limitation gold,
copper, silver, nickel, etc. In this regard, the component 302 is representative of a component
of an ultrasound assembly to which conductors 314, 316, 318, and 320 are to be electrically
coupled to facilitate operation of the ultrasound assembly. Accordingly, the component 302
may be a MEMS, ASIC, controller (master or slave), and/or other component of the
ultrasound assembly, which can be a rotational ultrasound assembly (see, e.g., Figs. 1-5
above) or a phased-array ultrasound assembly (see, e.g., Figs. 6-8 above).

Each of the conductors 314, 316, 318, and 320 includes a primary section 314a,
316a, 318a, and 320a and a distal section 314b, 316b, 318b, and 320b. As shown, the primary
sections 314a, 316a, 318a, and 320a having a cylindrical profile, while the distal sections
314b, 316b, 318b, and 320b have a flattened profile. In some instances, the flattened profile
of the distal sections 314b, 316b, 318b, and 320b is created by physically deforming the
cylindrical profile of the conductors 314, 316, 318, and 320 (e.g., using a press). In other
instances, the conductors 314, 316, 318, and 320 are initially formed with a flattened profile
in at least the distal sections 314b, 316b, 318b, and 320b. In some instances, the primary
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sections and distal sections have a flattened profile. Unless explicitly stated otherwise, the
flattened profile does not require the surface(s) of the distal section to be completely flat or
planar, but instead simply requires that a width of the conductor (from one side to the other
opposing side) is greater than a height or thickness of the conductor (from a top surface to the
opposing bottom surface). It is understood that the flattened profile includes cross-sectional
profiles having rectangular, rounded rectangular, oval, elliptical, and/or other shapes.

The flattened profile of the distal sections 314b, 316b, 318b, and 320b
provides a larger surface area for bonding to the electrical contacts 304, 306, 308, and 310 of
the component 302, which are bond pads in the illustrated embodiment of Figs. 9a-9¢. The
distal sections 314b, 316b, 318b, and 320b of the conductors 314, 316, 318, and 320 can be
mechanically and electrically coupled to the electrical contacts 304, 306, 308, and 310 by
soldering, resistance welding, use of a conductive adhesive, and/or combinations thereof. In
some implementations, the connections between the conductors 314, 316, 318, and 320 and
the electrical contacts 304, 306, 308, and 310 can be encapsulated in an epoxy, parylene,
and/or other suitable protective layer(s).

Referring now to Figs. 10a-11c, shown therein is an assembly 330 with a four-
wire interconnection according to the present disclosure. In particular, Fig. 10a is a top view
of the assembly 330 without wires; Fig. 10b is a side view of the assembly 330 without wires;
Fig. 10c is a proximal end view of the assembly 330 without wires; Fig. 11ais a top view of
the assembly 330 with wires 314, 316, 318, and 320 coupled thereto; Fig. 11b is a side view
of the assembly 330 with wires 314, 316, 318, and 320 coupled thereto; and Fig. 11cisa
proximal end view of the assembly 330 with wires 314, 316, 318, and 320 coupled thereto.
As shown, the assembly 330 includes a component 332 with electrical contacts 334, 336, 338,
and 340. The electrical contacts 334, 336, 338, and 340 can be formed or plated with any
suitable conductive material, including without limitation gold, copper, silver, nickel, etc. In
this regard, the component 332 is representative of a component of an ultrasound assembly to
which conductors 314, 316, 318, and 320 are to be electrically coupled to facilitate operation
of the ultrasound assembly. Accordingly, the component 332 may be a MEMS, ASIC,
controller (master or slave), and/or other component of the ultrasound assembly, which can
be a rotational ultrasound assembly (see, e.g., Figs. 1-5 above) or a phased-array ultrasound
assembly (see, e.g., Figs. 6-8 above).

As best seen in Fig. 10c, the electrical contacts 334, 336, 338, and 340 each
include an upper portion 334a, 336a, 338a, and 340a and a lower portion 334b, 336b, 338b,
and 340b with a space 334c, 336¢, 338¢c, and 340c positioned therebetween, respectively. In
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this regard, the spaces 334c, 336¢, 338c, and 340c between the upper and lower portions of
the electrical contacts 334, 336, 338, and 340 are sized and shaped to receive a distal section
of the conductors 314, 316, 318, and 320. In some instances, the spaces 334c¢, 336¢, 338c,
and 340c between the upper and lower portions of the electrical contacts 334, 336, 338, and
340 are created by forming a sacrificial layer between metal layers and then later removing
the sacrificial layer such that the metal layers define the upper and lower portions of the
electrical contacts 334, 336, 338, and 340 and the gap left from the removal of the sacrificial
layer defines the spaces 334c, 336¢, 338c, and 340c.

As best seen in Fig. 11c, the spaces 334c, 336¢, 338c, and 340c can be sized to
create an interference fit, press fit, and/or loose fit with the distal sections of the conductors
314, 316, 318, and 320. Depending on the mechanical strength of the fit between the distal
sections of the conductors 314, 316, 318, and 320 and the upper and lower portions of the
electrical contacts 334, 336, 338, and 340, it may be desirable to further secure the
conductors to the electrical contacts. To this end, the distal sections of the conductors 314,
316, 318, and 320 can be further coupled to the upper and/or lower portions of the electrical
contacts 334, 336, 338, and 340 by soldering, resistance welding, use of a conductive
adhesive, use of a non-conductive adhesive, and/or combinations thereof.

Referring now to Figs. 12a-12¢, shown therein is an assembly 350 with a four-
wire interconnection according to the present disclosure. In particular, Fig. 12a is a top view
of the assembly 350; Fig. 12b is a side view of the assembly 350; and Fig. 12¢ is a proximal
end view of the assembly 350. As shown, the assembly 350 includes a component 352 with
electrical contacts 354, 356, 358, and 360. The electrical contacts 354, 356, 358, and 360 can
be formed or plated with any suitable conductive material, including without limitation gold,
copper, silver, nickel, etc. In this regard, the component 352 is representative of a component
of an ultrasound assembly to which conductors 314, 316, 318, and 320 are to be electrically
coupled to facilitate operation of the ultrasound assembly. Accordingly, the component 352
may be a MEMS, ASIC, controller (master or slave), and/or other component of the
ultrasound assembly, which can be a rotational ultrasound assembly (see, e.g., Figs. 1-5
above) or a phased-array ultrasound assembly (see, e.g., Figs. 6-8 above).

Similar to the assembly 330 described above with respect to Figs. 10a-11c¢, the
electrical contacts 354, 356, 358, and 360 of the assembly 350 each include an upper portion
and a lower portion with a space positioned therebetween. In this regard, the spaces between
the upper and lower portions of the electrical contacts 354, 356, 358, and 360 are sized and
shaped to receive flattened distal sections 314b, 316b, 318b, and 320b of the conductors 314,
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316, 318, and 320. Accordingly, the upper and lower portions of the electrical contacts 354,
356, 358, and 360 are positioned closer to one another in the illustrated embodiment of Figs.
12a-12¢ than in the illustrated embodiment of Figs. 10a-11c¢. In some instances, the spaces
between the upper and lower portions of the electrical contacts 354, 356, 358, and 360 are
created by forming a sacrificial layer between metal layers and then later removing the
sacrificial layer such that the metal layers define the upper and lower portions of the
electrical contacts 354, 356, 358, and 360 and the gap left from the removal of the sacrificial
layer defines the spaces therebetween.

In this regard, the spaces between the upper and lower portions of the
electrical contacts 354, 356, 358, and 360 can be sized to create an interference fit, press fit,
and/or loose fit with the distal sections of the conductors 314, 316, 318, and 320. Depending
on the mechanical strength of the fit between the distal sections 314b, 316b, 318b, and 320b
of the conductors 314, 316, 318, and 320 and the upper and lower portions of the electrical
contacts 354, 356, 358, and 360, it may be desirable to further secure the conductors to the
electrical contacts. To this end, the distal sections 314b, 316b, 318b, and 320b of the
conductors 314, 316, 318, and 320 can be further coupled to the upper and/or lower portions
of the electrical contacts 354, 356, 358, and 360 by soldering, resistance welding, use of a
conductive adhesive, use of a non-conductive adhesive, and/or combinations thereof.

Referring now to Figs. 13a-15¢, shown therein is an assembly 370 with a four-
wire interconnection according to the present disclosure. In particular, Fig. 13ais a top view
of the assembly 370 without wires; Fig. 13b is a side view of the assembly 370 without wires;
Fig. 13c is a proximal end view of the assembly 370 without wires; Fig. 14a is a top view of
the assembly 370 with wires 314, 316, 318, and 320 freely positioned within the assembly;
Fig. 14b is a side view of the assembly 370 with wires 314, 316, 318, and 320 freely
positioned within the assembly; Fig. 14c¢ is a proximal end view of the assembly 370 with
wires 314, 316, 318, and 320 freely positioned within the assembly; Fig. 15a is a top view of
the assembly 370 with wires 314, 316, 318, and 320 crimped to the assembly; Fig. 15bis a
side view of the assembly 370 with wires 314, 316, 318, and 320 crimped to the assembly;
and Fig. 15¢ is a proximal end view of the assembly 370 with wires 314, 316, 318, and 320
crimped to the assembly.

As shown, the assembly 370 includes a component 372 with electrical contacts
374, 376, 378, and 380. The electrical contacts 374, 376, 378, and 380 can be formed or
plated with any suitable conductive material, including without limitation gold, copper, silver,

nickel, etc. In this regard, the component 372 is representative of a component of an
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ultrasound assembly to which conductors 314, 316, 318, and 320 are to be electrically
coupled to facilitate operation of the ultrasound assembly. Accordingly, the component 372
may be a MEMS, ASIC, controller (master or slave), and/or other component of the
ultrasound assembly, which can be a rotational ultrasound assembly (see, e.g., Figs. 1-5
above) or a phased-array ultrasound assembly (see, e.g., Figs. 6-8 above).

As best seen in Fig. 13c, the electrical contacts 374, 376, 378, and 380 each
define an opening 374a, 376a, 378a, and 380a sized and shaped to receive a distal section of
the conductors 314, 316, 318, and 320. In the illustrated embodiment, the conductive material
of the electrical contacts 374, 376, 378, and 380 surrounds the openings 374a, 376a, 378a,
and 380a on three sides (left, right, and top as seen in Fig. 13¢). In other embodiments, the
conductive material of the electrical contacts 374, 376, 378, and 380 surrounds the openings
374a, 376a, 378a, and 380a on a greater number of sides (e.g., left, right, top, and bottom) or
fewer number of sides (e.g., left and right, top only, etc.).

As best seen in Fig. 14c¢, the openings 374a, 376a, 378a, and 380a can be sized
to initially create an interference fit, press fit, and/or loose fit with the distal sections of the
conductors 314, 316, 318, and 320. With the distal sections of the conductors 314, 316, 318,
and 320 positioned within the openings 374a, 376a, 378a, and 380a, the electrical contacts
374,376, 378, and 380 can be crimped onto the distal sections of the conductors 314, 316,
318, and 320 to create an electrical and mechanical coupling therebetween. In this regard,
Figs. 15a-15c illustrate a stylized representation of the electrical contacts 374, 376, 378, and
380 crimped onto the distal sections of the conductors 314, 316, 318, and 320. As shown, the
crimping deforms both the electrical contacts 374, 376, 378, and 380 and the distal sections
314b, 316b, 318b, and 320b of the conductors 314, 316, 318, and 320. As a result, the distal
sections 314b, 316b, 318b, and 320b of the conductors 314, 316, 318, and 320 have a
different profile than the remaining portions of the conductors 314, 316, 318, and 320. In
some instances, the crimping causes the distal sections 314b, 316b, 318b, and 320b of the
conductors 314, 316, 318, and 320 to take on a flattened profile.

Referring now to Figs. 16a-16¢, shown therein is an assembly 390 with a four-
wire interconnection according to the present disclosure. In particular, Fig. 16a is a top view
of the assembly 390; Fig. 16b is a side view of the assembly 390; and Fig. 16c¢ is a distal end
view of the assembly 390. As shown, the assembly 390 includes a component 392 with
electrical contacts 394, 396, 398, and 400. In this regard, the component 392 is representative
of a component of an ultrasound assembly to which conductors 314, 316, 318, and 320 are to

be electrically coupled to facilitate operation of the ultrasound assembly. Accordingly, the
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component 392 may be a MEMS, ASIC, controller (master or slave), and/or other component
of the ultrasound assembly, which can be a rotational ultrasound assembly (see, e.g., Figs. 1-
5 above) or a phased-array ultrasound assembly (see, e.g., Figs. 6-8 above).

The electrical contacts 394, 396, 398, and 400 each include a locking
component 394a, 396a, 398a, and 400a and an conductive pad 394b, 396b, 398b, and 400b.
In this regard, the locking components 394a, 396a, 398a, and 400a are configured to
mechanically secure a distal sections 314b, 316b, 318b, and 320b of the conductors 314, 316,
318, and 320 in electrical contact with the conductive pads 394b, 396b, 398b, and 400b. The
conductive pads 394b, 396b, 398b, and 400b can be formed or plated with any suitable
conductive material, including without limitation gold, copper, silver, nickel, etc. The locking
component can be a pin, screw, and/or other component configured to hold the distal sections
314b, 316b, 318b, and 320b of the conductors 314, 316, 318, and 320 in place. In this regard,
the locking components 394a, 396a, 398a, and 400a and conductive pads 394b, 396b, 398b,
and 400b are coupled with a housing structure configured to receive the distal sections 314b,
316b, 318b, and 320b of the conductors 314, 316, 318, and 320. In the illustrated
embodiment, a single housing 402 is provided having corresponding sections 394c, 396c,
398c, and 400c associated with each electrical contact 394, 396, 398, and 400. In other
embodiments, separate housings are provided for one or more of the electrical contacts 394,
396, 398, and 400. The housing 402 can be formed during manufacture of the component 392
or attached to the component 392 after manufacture of the component 392. In some instances,
the conductive pads 394b, 396b, 398b, and 400b are formed as part of the component 392
and the housing 402 and locking components 394a, 396a, 398a, and 400a are subsequently
attached.

Referring now to Figs. 17a-17¢c, shown therein is an assembly 410 with a four-
wire interconnection according to the present disclosure. In particular, Fig. 17a is a top view
of the assembly 410; Fig. 17b is a side view of the assembly 410; and Fig. 17c is a distal end
view of the assembly 410. As shown, the assembly 410 includes a component 412 with a
four-contact electrical connector 413 having electrical contacts 414, 416, 418, and 420. In
this regard, the component 412 is representative of a component of an ultrasound assembly to
which conductors 314, 316, 318, and 320 are to be electrically coupled to facilitate operation
of the ultrasound assembly. Accordingly, the component 412 may be a MEMS, ASIC,
controller (master or slave), and/or other component of the ultrasound assembly, which can
be a rotational ultrasound assembly (see, e.g., Figs. 1-5 above) or a phased-array ultrasound

assembly (see, e.g., Figs. 6-8 above).
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The conductors 314, 316, 318, and 320 are coupled to a four-contact electrical
connector 423 having electrical contacts 424, 426, 428, and 430. In this regard, the electrical
connectors 413 and 423 are configured to mate with one another such that the electrical
contacts 414, 416, 418, and 420 of connector 413 contact the electrical contacts 424, 426, 428,
and 430 of connector 423. Accordingly, in some implementations the connector 413 is a
female connector and the connector 423 is a male connector. In other implementations the
connector 413 is a male connector and the connector 423 is a female connector. In yet other
implementations, each connector 413 and 423 is combination male/female connector.

As best seen in Figs. 17b and 17c, the electrical connector 413 includes
conductive pads 414a, 416a, 418a, and 420a. The conductive pads 414a, 416a, 418a, and
420a can be formed or plated with any suitable conductive material, including without
limitation gold, copper, silver, nickel, etc. The electrical connector 413 can be formed during
manufacture of the component 412 or attached to the component 412 after manufacture of the
component 412. In some instances, the conductive pads 414a, 416a, 418a, and 420a are
formed as part of the component 412 and the housing defining connector 413 is subsequently
attached.

The electrical connector 423 includes electrical connectors 424a, 426a, 428a,
and 430a configured to receive distal sections of the conductors 314, 316, 318, and 320,
respectively. The electrical connector 423 also includes conductive projections 424b, 426b,
428b, and 430D that are in electrical communication with the electrical connectors 424a, 426a,
428a, and 430a and, therefore, the conductors 314, 316, 318, and 320. The conductive
projections 424b, 426b, 428b, and 430b are sized and shaped to interface with the conductive
pads 414a, 416a, 418a, and 420a of connector 413 when the connectors 413 and 423 are
coupled together. The conductive projections 424a, 426a, 428a, and 430a can be formed or
plated with any suitable conductive material, including without limitation gold, copper, silver,
nickel, etc.

By having separate electrical connectors 413 and 423, each can be assembled
and tested as a sub-component prior to being coupled together. This approach can simplify
the manufacturing process, improve yield, and improve the robustness of the electrical
connections, which all serve to reduce the number of product malfunctions when the product
is subsequently in use. In this regard, it is understood that the connectors illustrated above are
exemplary only. It is understood that the connectors can include a single component bridging
the conductors to the electrical component(s) of the ultrasound component and/or two or

more separate components that mate together. Further, the connectors can utilize interference
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fits, screw press fits, snap fits, and/or mechanical coupling techniques. Further, the
connectors can be manufactured in any suitable manner, including without limitation
injection molded, CNC machining, insert molded, etc.

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 encompassed by the present disclosure
are not limited to the particular 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. It is
understood that such variations may be made to the foregoing without departing 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.
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CLAIMS:

1. An intravascular ultrasound (IVUS) device, comprising:
a catheter body;
an ultrasound assembly coupled to a distal portion of the catheter body; and
four conductors extending along a length of the catheter body, wherein the

four conductors are electrically coupled to electrical contacts of the ultrasound assembly.

2. The device of claim 1, wherein the electrical contacts of the ultrasound

assembly are bond pads.

3. The device of claim 1, wherein each of the electrical contacts of the ultrasound
assembly includes an opening and wherein the distal section of each of the four conductors is

positioned within the opening of the respective electrical contact.

4. The device of claim 1, wherein the four conductors are electrically coupled to
electrical contacts of the ultrasound assembly by at least one of a solder, a resistance weld, a

conductive adhesive, a press fit, a crimping, a locking pin and a screw.

5. The device of claim 1, wherein the four conductors are bundled in a cable

along at least a portion of the length of the catheter body.

6. The device of claim 1, wherein the ultrasound assembly comprises at least a

flexible support element.

7. The device of claim 6, wherein the flexible support element comprises the

electrical contacts of the ultrasound assembly.

8. The device of claim 1, wherein a distal section of each of the four conductors

has a flattened profile.
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9. The device of claim 1, wherein each of the electrical contacts of the ultrasound
assembly includes an upper portion and a lower portion and wherein a distal section of each
of the four conductors is positioned between the upper and lower portions of the respective

electrical contact.

10. The device of claim 1, wherein the ultrasound assembly is a phased-array

ultrasound assembly or a rotational ultrasound assembly.

11. The device of claim 1, wherein the electrical contacts of the ultrasound
assembly are in a form of a first four-contact electrical connector, and wherein the four
conductors are coupled at their distal ends to a second four-contact electrical connector for

electrically and mechanically mating to the first four-contact electrical connector.

12. An intravascular ultrasound (IVUS) system, comprising:
an IVUS imaging device according to claim 1;
a proximal connector coupled to a proximal portion of the device, wherein a
proximal section of each of the four conductors is coupled to the proximal connector;
an interface module configured to connect with the proximal connector; and
an intravascular ultrasound (IVUS) processing component in communication

with the interface module.

13. A method of forming an intravascular imaging device, comprising:
providing an ultrasound assembly;
providing four conductors;
electrically coupling a distal section of each of the four conductors to a
respective electrical contact of the ultrasound assembly; and
coupling the ultrasound assembly to a distal portion of a catheter body and

extending the four conductors along a length of the catheter body.

14. The method of claim 13, wherein electrically coupling the distal section of
each of the four conductors to the respective electrical contact of the ultrasound assembly
comprises:

providing the ultrasound assembly with a first four-contact electrical

connector;
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electrically coupling the four conductors to a second four-contact electrical
connector; and

coupling the first and second four-contact electrical connectors together.

5 15 The method of claim 13, wherein the ultrasound assembly is a phased-array

ultrasound assembly or a rotational ultrasound assembly.

10



PCT/IB2016/052933

WO 2016/198975

1/18

T 77

7
70l

RN,

II]!II!I

801




PCT/IB2016/052933

WO 2016/198975

2/18




WO 2016/198975 PCT/IB2016/052933

3/18

124

116

Laecy
3

o
N
\

e A e RN R

TS NN O RN AR
N ma
-
Ve

-
il

138

¥

110
1g.

145

134

o

102
.,

8

—

110

S0 A A A0 SR AN AV A S AVD A, AV A YO 200 -~
IRRRRRY Grt za e e v G EYY:

3 # ; 4 R Yl DRl 3 Reh ST ;

| e S sl g

! _

%

g_

P

S s
com e T i
Nw‘_“‘,.*:;,,\.—::i’\
RS ’ b\

-

N WIS,

j et

132



WO 2016/198975 PCT/IB2016/052933

4/18
146
!
S I s
g - s y UEY
ant i, ]| ||I Il!l[ t [||f
Fig. 4
133
132 ST 149
. L My
162 “JE \ [ _,’,., »«.__-._
=0 s ” j: Z
168 fwwss
163 :’_{SJ I“lh!l ‘_,M,
i 151 0 e ‘142

LN

Fig.



WO 2016/198975 PCT/IB2016/052933

5/18
200
N
ki
214
e N o B S o T T o
AL ;o

&
yf b

Lo 20




WO 2016/198975 PCT/IB2016/052933

6/18

270

0¥

Fig. 9a 302~

o Ol 30 L
Flg‘ b g

00 32k 38s 36a dida
{ Ay i 3 ¥ ]h ¢ 116t § ~
SARRY S i i
\\ ad P - - o fdh
A A o >
; f«ﬂw e K




WO 2016/198975 PCT/IB2016/052933

7/18

L
L

gy
M-y
| SOOI

- :‘ 33 - 3{3 RO N)\
Fig. 10a N \W:}
S

’nﬂ

343 “’\N i

| Y

Fig. 10b .

wmw\ﬂ

330
\‘*x* 340 338a 336a 3da
5 4 )
< v 4 4
10 13 7 Co - 7
Fig. 10c N e 338 33c 334
F Fi i i
& ;"‘v Pel



WO 2016/198975

P
L

8/18

PCT/IB2016/052933

1 lb ‘332»\‘

R

j‘}b{} e ad 1

FEPTIRNER

330
¥ 30a 338a 336a 33da
J v < i
332 L L £
Fig. Ilc 1 L.Q 9 Q| LQ
g \ I oo

320



WO 2016/198975 PCT/IB2016/052933

9/18

A
LA
ol
el

Fig. 12a

350
. §
Fig. 12b 7"
“\* o
- S T
N S \*,mmwmmwﬁ
p




WO 2016/198975 PCT/IB2016/052933

10/18

Lad
o
)
el

S
i 7]

!
[—
4 [
[—
(s
]
23
b
P2

FH
1 < Y
Fl‘-f. 13 b 380
5 "T’K\ 38( T
AN
370 REE 378 376 %?4

EXRIER

(=)
oo
L
~af
bt
=
L
~af
;FM
s




WO 2016/198975 PCT/1B2016/052933
11/18
370
T
g = 314
~ 1 37 76~
Fig. 14a 7~ ;?;\"l_n 316
b —
) Nw 318
% —
50~y g
370
Fig. 14b 372 30—y 10
w [ RE
Fig. 14¢ 3»
= S 318 316 314



WO 2016/198975

12/18

PCT/IB2016/052933

A—

320

Fig, 15¢ ¥~




WO 2016/198975 PCT/IB2016/052933

13/18

2 S

[50)

392



WO 2016/198975 PCT/IB2016/052933

14/18

320b

Fig. 16b




PCT/IB2016/052933

WO 2016/198975

15/18

200+

x\

H6E

r@#l/v.

ROOF

oGy




PCT/IB2016/052933

WO 2016/198975

16/18

e/] 814



WO 2016/198975 PCT/IB2016/052933

17/18

Fig. 17b

™




PCT/IB2016/052933

WO 2016/198975

18/18




INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2016/052933

A. CLASSIFICATION OF SUBJECT MATTER

INV. A61B8/12
ADD. A61B8/00

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

A61B

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 20137303919 Al (CORL PAUL DOUGLAS [US]) 1-15
14 November 2013 (2013-11-14)
paragraphs [0048], [0050], [0051];
figures 3,5
X GB 2 315 020 A (INTRAVASCULAR RES LTD 1,2,4-7,
[GB]) 21 January 1998 (1998-01-21) 12,13
figure 15
A US 20147187960 Al (CORL PAUL DOUGLAS [US]) 1-15
3 July 2014 (2014-07-03)
cited in the application
figure 6
A US 20147371744 Al (DEKKER RONALD [NL] ET 1-15
AL) 18 December 2014 (2014-12-18)
figure 1

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

4 August 2016

Date of mailing of the international search report

16/08/2016

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Koprinarov, Ivaylo

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/1B2016/052933
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2013303919 Al 14-11-2013 CA 2873394 Al 14-11-2013
EP 2846699 Al 18-03-2015
JP 2015515917 A 04-06-2015
US 2013303919 Al 14-11-2013
US 2015164469 Al 18-06-2015
WO 2013170150 Al 14-11-2013

GB 2315020 A 21-01-1998 EP 1024750 Al 09-08-2000
GB 2315020 A 21-01-1998
us 6283921 Bl 04-09-2001
WO 9802096 Al 22-01-1998

US 2014187960 Al 03-07-2014 CA 2896718 Al 03-07-2014
EP 2938265 Al 04-11-2015
JP 2016501678 A 21-01-2016
US 2014187960 Al 03-07-2014
WO 2014105725 Al 03-07-2014

US 2014371744 Al 18-12-2014  CN 104145334 A 12-11-2014
EP 2820672 A2 07-01-2015
JP 2015511767 A 20-04-2015
RU 2014139707 A 20-04-2016
US 2014371744 Al 18-12-2014
WO 2013128341 A2 06-09-2013

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - wo-search-report
	Page 47 - wo-search-report

