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(54)
DEVICE

(57)  An intraluminal ultrasound imaging device in-
cludes a flexible elongate member configured to be po-
sitioned within a body lumen of a patientAn ultrasound
imaging assembly is disposed at the distal portion of the
flexible elongate memberThe ultrasound imaging as-
sembly includes a plurality of acoustic elements and an
acoustically-transparent window disposed over the plu-
rality of acoustic elementsThe acoustically-transparent
window comprising a plurality of layers formed on top of
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one anotherThe plurality of layers includes an innermost
layer directly contacting the plurality of acoustic ele-
ments, an outermost layer opposite the innermost layer,
and an adhesive layerThe outermostlayerincludes a tub-
ingA hardness of the innermost layer is less than hard-
nesses of every other layer of the plurality of layersA
hardness of the outermost layer is greater than the hard-
nesses of every other layer of the plurality of layers
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Description
TECHNICAL FIELD

[0001] The present disclosure relates generally to an
acoustically-transparent window through which ultra-
sound energy associated with an ultrasound transducer
array propagatesThe ultrasound transducer array can be
part of an intraluminal ultrasound imaging device, such
as anintravascular ultrasound (IVUS) imaging catheterin
an exemplary embodiment, the acoustic window includes
multiple layers, including an outermost shrink wrap layer
that has the largest hardness of all the layers and a flex-
ible, innermost layer that has the smallest hardness of
all the layers

BACKGROUND

[0002] 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 treat-
ment, to guide the intervention, and/or to assess its ef-
fectivenessAn IVUS device including one or more ultra-
sound transducer elements is passed into the vessel and
guided to the area to be imagedThe transducer elements
emit ultrasonic energy in the form of ultrasonic waves in
order to create an image of the vessel of interestThe ul-
trasonic 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
interestThe reflected waves are received by the trans-
ducer elements and passed along to an IVUS imaging
systemThe imaging system processes the received ul-
trasound echoes to produce a cross-sectional image of
the vessel where the device is placed Solid-state (also
known as synthetic-aperture) IVUS catheters are one of
the two types of IVUS devices commonly used today, the
other type being the rotational IVUS catheterSolid-state
IVUS catheters carry a scanner assembly that includes
an array of ultrasound transducer elements distributed
around its circumference along with one or more inte-
grated circuit controller chips mounted adjacent to the
transducer arrayThe controllers select individual trans-
ducer elements (or groups of elements) for transmitting
an ultrasound pulse and for receiving the ultrasound echo
signalBy stepping through a sequence of transmit-re-
ceive pairs, the solid-state IVUS system can synthesize
the effect of a mechanically scanned ultrasound trans-
ducer but without moving parts (hence the solid-state
designation)Since there is no rotating mechanical ele-
ment, the transducer array can be placed in direct contact
with the blood and vessel tissue with minimal risk of ves-
sel traumaFurthermore, because there is no rotating el-
ement, the electrical interface is simplifiedThe solid-state
scanner can be wired directly to the imaging system with
a simple electrical cable and a standard detachable elec-
trical connector, rather than the complex rotating electri-
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cal interface required for a rotational IVUS device.
[0003] Imaging elements in existing IVUS catheters
are typically formed from a ceramic material that has pi-
ezoelectric properties, such as lead zirconate titanate
(PZT)Many external (on body) ultrasound transducers
also utilize PZT elementsAcoustic windows utilized for
PZT transducers are formed of a relatively hard material
that is rigid and not conformableFor example, external
transducers utilize ceramic particle filled siliconeslintra-
vascular applications like IVUS utilize thinner but still hard
windows formed of polyimideEfforts have been made to
deploy capacitive micromachined ultrasound transducer
(CMUT) elements, instead of PZT elements, for ultra-
sound imagingThese efforts have been hindered by the
lack of a suitable acoustic window

SUMMARY

[0004] The presentapplication describes an intralumi-
nal ultrasound imaging device with an acoustic window
structure that can be utilized with capacitive microma-
chined ultrasound transducer (CMUT) elementsThe in-
traluminal ultrasound imaging device, such as a catheter
or a guide wire, includes an array of CMUT elements,
and the acoustic window is positioned over the CMUT
elementsThe acoustic window includes multiple layers,
including an innermost layer that is in direct contact with
the CMUT elementsThe innermost layer is formed of an
elastic material that has the least hardness of the all of
the layers in the acoustic windowThus, the innermost lay-
er is deformable when the membrane of the CMUT ele-
ment moves when emitting and receiving ultrasound en-
ergyThe outermost layer has the most hardness of all of
the layers in the acoustic windowThus, the acoustic win-
dow protects the CMUT elements during exposure to
anatomy within the patient body (e.g., calcified stenosis
in a blood vessel)The outermost layer can be a shrink
wrap tubing in some instances, which advantageously
allows for efficient manufacturing of the imaging catheter
or guide wire.

[0005] According to an exemplary embodiment, intra-
luminal ultrasound imaging device is providedThe device
includes a flexible elongate member configured to be po-
sitioned within a body lumen of a patient, the flexible elon-
gate member comprising a proximal portion, a distal por-
tion, and a longitudinal axis; an ultrasound imaging as-
sembly disposed at the distal portion of the flexible elon-
gate member and configured to obtainimaging data while
positioned within the body lumen, the ultrasound imaging
assembly comprising: a plurality of acoustic elements ar-
ranged around the longitudinal axis of the flexible elon-
gate member; and an acoustically-transparent window
disposed over the plurality of acoustic elements, the
acoustically-transparent window comprising a plurality of
layers formed on top of one another, wherein the plurality
of layers comprises: an innermost layer directly contact-
ing the plurality of acoustic elements; an outermost layer
opposite the innermost layer, wherein the outermost lay-
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er comprises a tubing; and an adhesive layer coupling
the outermost layer to another layer of the plurality of
layers, wherein a hardness of the innermost layer is less
than hardnesses of every other layer of the plurality of
layers, and wherein a hardness of the outermost layer is
greater than the hardnesses of every other layer of the
plurality of layers

[0006] In some embodiments, the flexible elongate
member comprises a catheterln some embodiments, the
ultrasound imaging assembly comprises anintravascular
ultrasound (IVUS) imaging assemblyln some embodi-
ments, the plurality of acoustic elements comprises ca-
pacitive micromachined ultrasound transducer (CMUT)
elementsin some embodiments, the tubing comprising a
shrink wrap tubingln some embodiments, each of the plu-
rality of acoustic elements comprises a substrate and a
membrane movable relative to the substrate, and the in-
nermost layer comprises an elastic material deformable
upon movement of the membraneln some embodiments,
the innermost layer comprises polybutadiene rubber
(PBR)In some embodiments, the outermost layer com-
prises polyethylene terephthalate (PET)In some embod-
iments, the adhesive layer comprises polyurethane (PU).
[0007] According to an exemplary embodiment, an in-
traluminal ultrasound imaging system is providedThe
system includes an ultrasound imaging catheter config-
ured to obtain imaging data while positioned within a body
lumen of a patient, the ultrasound imaging catheter com-
prising a proximal portion, a distal portion, and a longitu-
dinal axis, wherein the ultrasound imaging catheter fur-
ther comprises: a plurality of acoustic elements disposed
at the distal portion and arranged around the longitudinal
axis; and an acoustically-transparent window disposed
over the plurality of acoustic elements, the acoustically-
transparent window comprising: a first material layer po-
sitioned over and directly contacting the plurality of
acoustic elements, the first material layer comprising a
first hardness; a second material layer positioned over
and directly contacting the first material layer, the second
material layer comprising a second hardness; and a third
material layer positioned over and directly contacting the
second material layer, the third material layer comprising
a tubing having a third hardness, wherein the second
material layer couples the first material layer and the third
material layer, wherein the first hardness is less than the
second hardness and the third hardness, and wherein
the third hardness is greater than the first hardness and
the second hardness; and a processorin communication
with the ultrasound imaging catheter and configured to
output, to a display, an ultrasound image based on the
obtained imaging data.

[0008] In some embodiments, the ultrasound imaging
catheter comprises an intravascular ultrasound (IVUS)
catheterln some embodiments, the plurality of acoustic
elements comprises capacitive micromachined ultra-
sound transducer (CMUT) elementsin some embodi-
ments, the tubing comprising a shrink wrap tubingln
some embodiments, each of the plurality of acoustic el-
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ements comprises a substrate and a membrane movable
relative to the substrate, and the first material layer com-
prises an elastic material deformable upon movement of
the membraneln some embodiments, the first material
layer comprises polybutadiene rubber (PBR)In some em-
bodiments, the third material layer comprises polyethyl-
ene terephthalate (PET)In some embodiments, the sec-
ond material layer comprises polyurethane (PU).
Additional aspects, features, and advantages of the
present disclosure will become apparent from the follow-
ing detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] lllustrative embodiments of the present disclo-
sure will be described with reference to the accompany-
ing drawings, of which:

Fig. 1 is a diagrammatic schematic view of an intra-
luminal ultrasound imaging system, according to an
embodiment of the present disclosure.

Fig. 2 is a diagrammatic perspective view of an in-
traluminal ultrasound imaging device including an ul-
trasound imaging assembly, according to an embod-
iment of the present disclosure

Fig. 3 is a cross-sectional side view of an acousti-
cally-transparent window and an acoustic element
of an ultrasound imaging assembly, according to an
embodiment of the present disclosure

Fig. 4 is a flow diagram chart of a method of manu-
facturing an intraluminal ultrasound imaging device,
according to an embodiment of the present disclo-
sure

Figs. 5-9 are diagrammatic views of an ultrasound
imaging assembly during various steps of the meth-
od of manufacturing of Fig. 4.

Fig. 5 is a diagrammatic top view of an acoustic el-
ement array, according to an embodiment of the
present disclosure

Fig. 6is a diagrammatic top view after a flexible layer
of an acoustically-transparent window has been dis-
tributed over the acoustic element array and cured,
according to an embodiment of the present disclo-
sure

Fig. 7 is a diagrammatic top view of a heat shrink
tubing arranged to be positioned over the acoustic
element array including an adhesive dispensed on
the flexible layer of the acoustically-transparent win-
dow, according to an embodiment of the present dis-
closure

Fig. 8 is a diagrammatic top view after shrinking the
tubing and curing the adhesive to form the acousti-
cally-transparent window, according to an embodi-
ment of the present disclosure

Fig. 9 is a diagrammatic top view of CMUT elements
visible through the acoustically-transparent window,
according to an embodiment of the present disclo-
sure.
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DETAILED DESCRIPTION

[0010] For the purposes of promoting an understand-
ing 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 samelt is nevertheless understood that no limitation
to the scope of the disclosure is intendedAny alterations
and further modifications to the described devices, sys-
tems, and methods, and any further application of the
principles of the present disclosure are fully contemplat-
ed and included within the present disclosure as would
normally occur to one skilled in the art to which the dis-
closure relatesFor example, while aspects of the present
disclosure are described in terms of intraluminal ultra-
sound imaging, it is understood that it is not intended to
be limited to this applicationln particular, it is fully con-
templated that the features, components, and/or steps
described with respect to one embodiment may be com-
bined with the features, components, and/or steps de-
scribed with respect to other embodiments of the present
disclosureFor the sake of brevity, however, the numerous
iterations of these combinations will not be described
separately.

[0011] Fig. 1 is a diagrammatic schematic view of an
intraluminal ultrasound imaging system 100, according
to aspects of the presentdisclosureFor example, the sys-
tem 100 can be intravascular ultrasound (IVUS) imaging
systemThe intraluminal ultrasound imaging system 100
includes an intraluminal ultrasound imaging device 102,
a patient interface module (PIM) 104, a processing sys-
tem 106, and a display 108The intraluminal ultrasound
imaging device 102 can be an IVUS imaging device, such
as a catheter, guide wire, or guide catheter.

[0012] At a high level, the IVUS device 102 emits ul-
trasonic energy from a transducer or acoustic element
array 124 included in the ultrasound imaging or scanner
assembly 110 mounted near a distal end of the catheter
or flexible elongate member 121The flexible elongate
member 121 can be referenced as a longitudinal body in
some instances The flexible elongate member 121 can
include a proximal portion and a distal portion opposite
the proximal portionThe array 124 can be positioned
around a longitudinal axis LA of the imaging assembly
110 and/or the flexible elongate member 121The ultra-
sonic energy is reflected by tissue structures in the me-
dium, such as a body lumen 120, surrounding the scan-
ner assembly 110, and the ultrasound echo signals are
received by the transducer array 124The PIM 104 trans-
fers the received echo signals to the processing system
106 where the ultrasound image (including B-mode
and/or flow data) is reconstructed and displayed on the
display 108The display 108 can be referenced as a mon-
itor in some instancesThe processing system 106 can
include a processor and a memoryThe processing sys-
tem 106 can be referenced as a console, computer,
and/or computing system in some instancesThe
processing system 106 can be operable to facilitate the
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features of the IVUS imaging system 100 described here-
inFor example, the processor can execute computer
readable instructions stored on the non-transitory tangi-
ble computer readable medium

[0013] The scanner assembly 110 may include one or
more controllers 125, such as control logic integrated cir-
cuits (IC), in communication with the array 124For exam-
ple, the controllers 125 can be application specific inte-
grated circuits (ASICs)The controllers 125 can be in com-
munication with the array 124 via conductors, such as
conductive traces in or on a substrateThe controllers 125
are configured to control operations of the array 124 as-
sociated with emitting and/or receiving ultrasound energy
to obtain imaging data associated with the body lumen
120The scanner assembly 110 can include any suitable
number of controllers 125, including one, two, three, four,
five, six, seven, eight, nine, or more controllersin some
embodiments, the controllers 125 (Fig. 1) can be mount-
ed on the imaging assembly 110 longitudinally proximal
to the transducer array 124In some other embodiments,
the one or more control logic ICs can be disposed be-
tween the rolled-around transducer array 124 and the
tubular member 126The controllers 125 can be refer-
enced as control logic circuitry, chips, or integrated cir-
cuits (ICs) in some instancesAspects of an intraluminal
imaging device, including various techniques of trans-
forming the transducer array 124 from a flat configuration
to a cylindrical or rolled-around configuration, are dis-
closed in one or more of U.S. Patent No. 6,776,763, U.S.
Patent No. 7,226,417, U.S. Provisional App. No.
62/596,154, filed December 8, 2017, U.S. Provisional
App. No. 62/596,141, filed December 8, 2017, U.S. Pro-
visional App. No. 62/596,300, filed December 8, 2017,
U.S. Provisional App. No. 62/596,205, filed December 8,
2017, each of which is hereby incorporated by reference
in its entirety.

[0014] In some embodiments, the acoustic elements
of the array 124 and/or the controllers 125 can be posi-
tioned in an annular configuration, such as a circular con-
figuration or in a polygon configuration, around the lon-
gitudinal axis LAlt will be understood that the longitudinal
axis LA of the support member 126 may also be referred
to as the longitudinal axis of the scanner assembly 110,
the flexible elongate member 115, the device 102, and/or
the support member 126 of Fig. 2F or example, a cross-
sectional profile of the imaging assembly 110 at the trans-
ducer elements of the array 124 and/or the controllers
125 can be a circle or a polygonAny suitable annular
polygon shape can be implemented, such as a based on
the number of controllers/transducers, flexibility of the
controllers/transducers, etc., including a pentagon, hex-
agon, heptagon, octagon, nonagon, decagon, etc.
[0015] The PIM 104 facilitates communication of sig-
nals between the processing system 106, such as an
IVUS console, and the scanner assembly 110 included
in the IVUS device 102This communication includes the
steps of: (1) providing commands to one or more control
logic integrated circuits included in the scanner assembly
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110 to select the particular transducer array element(s)
to be used for transmit and receive, (2) providing the
transmit trigger signals to the one or more control logic
integrated circuits included in the scanner assembly 110
to activate the transmitter circuitry to generate an elec-
trical pulse to excite the selected transducer array ele-
ment(s), and/or (3) accepting amplified echo signals re-
ceived from the selected transducer array element(s) via
amplifiers included on the one or more control logic inte-
grated circuits of the scanner assembly 110In some em-
bodiments, the PIM 104 performs preliminary processing
of the echo data prior to relaying the data to the process-
ing system 106In examples of such embodiments, the
PIM 104 performs amplification, filtering, and/or aggre-
gating of the dataln an embodiment, the PIM 104 also
supplies high- and low-voltage DC power to support op-
eration of the device 102 including circuitry within the
scanner assembly 110

[0016] The processing system 106 receives the echo
data from the scanner assembly 110 by way of the PIM
104 and processes the data to reconstruct an image of
the tissue structures in the medium surrounding the ul-
trasound imaging assembly 110The processing system
106 outputs image data such that an image of the body
lumen 120, such as a cross-sectional image of a vessel,
is displayed on the display 108Generally, the system 100
and/or the device 102 can be used in any suitable lumen
of a patient bodylIn that regard, the system 100 can be
an intraluminal ultrasound imaging system, and the de-
vice 102 can be an intraluminal ultrasound imaging de-
viceln some instances, the device 102 can be an intrac-
ardiac echocardiography (ICE) imaging catheter or a
trans-esophageal echocardiography (TEE) probeThe
system 100 and/or the device 102 can be referenced as
aninterventional device, a therapeutic device, a diagnos-
tic device, etcThe device 102 can be sized and shaped,
structurally arranged, and/or otherwise configured to be
positioned within the body lumen 120Body lumen 120
may represent fluid filled or surrounded structures, both
natural and man-madeThe body lumen 120 may be with-
in a body of a patientThe body lumen 120 may be a blood
vessel, such as an artery or a vein of a patient’s vascular
system, including cardiac vasculature, peripheral vascu-
lature, neural vasculature, renal vasculature, and/or or
any other suitable lumen inside the bodyFor example,
the device 102 may be used to examine any number of
anatomical locations and tissue types, including without
limitation, organs including the liver, heart, kidneys, gall
bladder, pancreas, lungs; ducts; intestines; nervous sys-
tem structures including the brain, dural sac, spinal cord
and peripheral nerves; the urinary tract; as well as valves
within the blood, chambers or other parts of the heart,
and/or other systems of the bodyln addition to natural
structures, the device 102 may be may be used to ex-
amine man-made structures such as, but without limita-
tion, heart valves, stents, shunts, filters and other devic-
es.

[0017] In some embodiments, the IVUS device in-
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cludes some features similar to traditional solid-state
IVUS catheters, such as the EagleEye® catheter avail-
able from Koninklijke Philips N.V. and those disclosed in
U.S. Patent No. 7,846,101 hereby incorporated by refer-
ence in its entiretyFor example, the IVUS device 102 in-
cludes the scanner assembly 110 near a distal end of
the flexible elongate member 121 and a cable 112 ex-
tending along the flexible elongate member 121The ca-
ble 112 can include a plurality of communication lines,
including one, two, three, four, five, six, seven, or more
communication lines 134 (as shown in Fig. 1B)Any suit-
able communication lines 134 can be implemented, such
as a conductors, fiber optics, etclt is understood that any
suitable gauge wire, for example, can be used for the
communication lines 134In an embodiment, the cable
112 can include a four-conductor transmission line ar-
rangementwith, e.g.,41 AWG gauge wiresThe cable 112
can be referenced as a transmission-line bundle in some
instancesIn an embodiment, the cable 112 can include
a seven-conductor transmission line arrangement utiliz-
ing, e.g., 44 AWG gauge wiresIn some embodiments, 43
AWG gauge wires can be used

[0018] The cable 112 terminates in a PIM connector
114 at a proximal end of the device 102The PIM connec-
tor 114 electrically couples the cable 112 to the PIM 104
and physically couples the IVUS device 102 to the PIM
104In an embodiment, the IVUS device 102 further in-
cludes a guide wire exit port 116Accordingly, in some
instances, the IVUS device 102 is a rapid-exchange cath-
eterThe guide wire exit port 116 allows a guide wire 118
to be inserted towards the distal end in order to direct the
device 102 through the body lumen 120In other instanc-
es, the IVUS device 102 can be an over-the-wire catheter
including a guide wire lumen extending along an entire
length of the flexible elongate member 121The flexible
elongate member 121 can be made of polymeric lengths
of tubing in some instances, including one or more lu-
mens for the cable 112 and/or the guide wire 118
[0019] Fig. 2is a diagrammatic perspective view of the
intraluminal imaging device 102, including the ultrasound
scanner assembly 110In some embodiments, the ultra-
sound scanner assembly 110 can be disposed at a distal
portion of the flexible elongate member 121 of the device
102The flexible elongate member 121 is sized and
shaped, structurally arranged, and/or otherwise config-
ured to be positioned within a body lumen of a patientThe
imaging or scanner assembly 110 obtains ultrasound im-
aging data associated with the body lumen while the de-
vice 102 is positioned within the body lumenAs shown in
Fig. 2, the scanner assembly 110 may include the trans-
ducer array 124 positioned around the longitudinal axis
LA of the device 102The transducer array 124 can be
referenced as an array of acoustic elements in some in-
stancesln some instances, the scanner assembly 110
can include a diameter between about 0.8 mm and about
1.6 mm, such as 1.2 mm

[0020] The array 124 is disposed in a rolled or cylin-
drical configuration around a tubular member 126The tu-
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bular member 126 can also be referred to as a support
member, a unibody, or a ferruleln some implementations,
the tubular member 126 can include a lumen 128The
lumen 128 can be sized and shaped to receive a guide
wire, such as the guide wire 118 shown in Fig. 1 The
device 102 can be configured to be moved along or ride
on the guide wire 118 to a desired location within the
physiology of the patientin those implementations, the
lumen 128 can be referred to as a guide wire lumen 128
In some embodiments, the scanner assembly 110 may
also include a backing material 130 between the trans-
ducer array 124 and the tubular member 126In that re-
gard, the tubular member 126 can include stands that
radially space the transducer array 124 from the body of
the support member 126The backing material 130 can
be disposed within the radial space between the tubular
member 126 and the array 124The backing material 130
serves as an acoustic damper to minimize or eliminate
propagation of ultrasound energy in undesired directions
(e.g., radially towards the center)Thus, the ultrasound
energy from the array 124 is directed radially towards the
body lumen 120 in which the flexible elongate member
121 is positioned

[0021] As shown in the enlarged view of a region of
the transducer array 124, the transducer array 124 can
include a plurality of rows of acoustic/transducer ele-
ments 140 fabricated on a semiconductor substrate
132The semiconductor substrate 132 is divided into a
plurality of islands 141 spaced apart from one another
and/or separated by trenches 144The trenches 144 iso-
late the islands 141, which allows islands to be orientated
at different angles, such as when the array 124 is posi-
tioned around the longitudinal axis LA of the device
102The imaging assembly 110 can include any suitable
number of islands 141, such as 4, 8, 16, 32, 64, 128,
and/or other values both larger and smallerA plurality of
acoustic elements 140 can be formed on each island
1411n some instances, a single row of acoustic elements
140 can be formed on each island, as shown in Fig. 2 In
other instances, two rows of acoustic elements 140 can
be formed on each island and arranged in a staggered
manner, as shown in Fig. 9 In some embodiments, the
acoustic elements 140 can be positioned side-by-side
one another on an individual island 141.

[0022] In some embodiments, the substrate 132 may-
be formed of a semiconductor materialEach of the ultra-
sound transducer elements 140 in the transducer array
124 can be a micromachined ultrasound transducer,
such as a capacitive micromachined ultrasound trans-
ducer (CMUT) or a piezoelectric micromachined ultra-
sound transducer (PMUT)While each of the ultrasound
transducer elements 140 is illustrated as being circular
in shape, it should be understood that each of the ultra-
sound transducer elements 140 can be in any shape.
[0023] The divided islands 141 of the semiconductor
substrate 132 are coupled to a common flexible intercon-
nect 142The flexible interconnect 142 can extend around
the acoustic elements 140 as well as across and/or over
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the trenches 144The flexible interconnect 142 can in-
clude holes aligned with a diaphragm or movable mem-
brane 143 of the acoustic elements 140In that regard,
the interconnect 142 does not completely cover the is-
lands 141The interconnect 142 can cover portions of the
islands 141 that do notinclude the diaphragm or movable
membrane 143 of the acoustic elements 140In some em-
bodiments, the interconnect 142 completely covers the
islands 141, including the diaphragm or movable mem-
brane 143 of the acoustic elements 140, such as when
the flexible interconnect 142 also comprises an acoustic
matching layerAs described herein, an acoustically-
transparent window can be disposed over the acoustic
elements 140

[0024] The flexible interconnect 142 can be made of
polymer material, such as polyimide (for example, KAP-
TON™ (trademark of DuPont)), and can be considered
a flexible substrateOther suitable polymer materials in-
clude polyester films, polyimide films, polyethylene nap-
thalate films, or polyetherimide films, other flexible print-
ed semiconductor substrates as well as products such
as Upilex® (registered trademark of Ube Industries) and
TEFLON® (registered trademark of E.l. du Pont)As the
transducer array 124 is first fabricated on the semicon-
ductor substrate 132, which is rigid, and then a flexible
substrate (i.e. the flexible interconnect 142) is positioned
over the transducer array 124, the transducer array 124
is fabricated using flexible-to-rigid (F2R) technologyThe
trenches 144 are positioned under the flexible intercon-
nect 142 and form the fold lines when the transducer
array 124 is rolled around the tubular member 126 That
is, the array 124 can be manufactured in a flat configu-
ration and transitioned into a cylindrical or rolled config-
uration around the longitudinal axis of the flexible elon-
gate member 121 during assembly of the device
102Exemplary aspects of manufacturing the ultrasound
imaging assembly are described in U.S. Provisional App.
No.62/527,143, filed June 30,2017, and U.S. Provisional
App. No. 62/679,134, filed June 1, 2018, each of which
is hereby incorporated by reference in its entiretyWhile
flex-to-rigid (F2R) and/or the flexible interconnect 142
are mentioned, it is understood that acoustically-trans-
parent window described herein can be implemented in
other intraluminal device architectures, including intralu-
minal devices without F2R and/or the flexible intercon-
nect 142.

[0025] A tip member 123 defines the distal end of the
device 102The tip member 123 is the leading component
of the device 102 as the device 102 is inserted into and
moved within the body lumen 120The tip member 123
can be formed of a polymer material such that the device
102 atraumatically contacts anatomyThe tip member 123
can include a guide wire lumen in communication with
the lumen 128 of the support member 126 such that the
guide wire 118 extends through the support member 126
and the tip member 123.

Fig. 3 is a cross-sectional side view illustrating a portion
of the ultrasound imaging assembly 110In particular, an
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acoustically-transparent window 300 is positioned over
the acoustic element 140The acoustically-transparent
window 300 can be formed of multiple material layers
formed on top of one another, including material layers
310, 320, and/or 330In that regard, the layers of the
acoustically-transparent window 300 can be directly or
indirectly coupled, secured, and/or otherwise affixed to
anotherWhile only one acoustic element 140 is shown in
Fig. 3, itunderstood that the acoustically-transparent win-
dow 300 can be positioned over all acoustic elements
140 of the imaging assembly 110In general, the acous-
tically-transparent window 300 facilitates desired propa-
gation of ultrasound energy from the acoustic element
140 to the body lumen 120 of the patient and reflected
ultrasound echoes from the body lumen 120 to the acous-
tic element 140In that regard, the materials of the acous-
tically-transparent window 300 provide acoustic imped-
ance values such that the acoustic path for ultrasound
energy to and from the acoustic element 140 is free from
sharp impedance transitions, which can cause undesir-
able reflection/refractionFor example, the acoustically-
transparent window 300 can provide an acoustic imped-
ance match with the acoustic impedance of blood and/or
blood vessel tissue such ultrasound energy propagates
in a desired manner across the transition between the
imaging assembly 110 and the bloodCMUT advanta-
geously provides a high bandwidth for ultrasound ener-
gyThe materials of the acoustically-transparent window
300 can be advantageously arranged to minimize or elim-
inate impedance transitions, which reduce bandwidth
and prevent the full advantages of CMUT from being re-
alizedin embodiments in which the acoustically-transpar-
ent window 300 includes a non-impedance matched lay-
er, that layer is structurally configured to be very thin,
such that the layer does not interfere with the desired
manner of ultrasound propagation through the window.
An additional factor improving acoustic transparency of
a material is its low acoustic wave absorption properties
(coefficient) in the desired range of acoustic wave fre-
quencies.

[0026] As described with respect to Fig. 2, the polyim-
ide interconnect 142 can extend across trenches 144 to
couple individual islands 141In that regard, the intercon-
nect 142 is a mechanical coupling between islands 141A
dimension 149, such as a height or a thickness, of the
interconnect 142 can be between approximately 1 um
and approximately 50 um, approximately 1 um and ap-
proximately 20 wm, approximately 3 pm and approxi-
mately 10 uwm, including values such as approximately 3
pm, approximately 5 wm, approximately 7 um, approxi-
mately 10 wm, and/or other values both larger and small-
erThe acoustically-transparent window 300 can also ex-
tend across the trenches 144 such that the acoustically-
transparent window 300 is positioned over all acoustic
elements 140.

[0027] In the orientation of the imaging assembly 110
shown in Fig. 3, layer 330 is the radially outermost layer
and is exposed to anatomy within the body lumen
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120Layers 320, 310, as well as the interconnect 142 and
the acoustic element 140 are disposed radially inwardly
of the layer 330lt is understood that additional compo-
nents, such as the substrate 132, the acoustic backing
material 130, and/or the support member 126 (Fig. 2) are
disposed farther radially inwardly of the acoustic element
140

[0028] The acoustic element 140 can be a CMUT ele-
ment in some instances, including the membrane 143, a
substrate 145, and a vacuum gap 147 between the mem-
brane 143 and the substrate 145The membrane 143 can
be formed of silicon nitride in some embodimentsThe
substrate 145 can include a bottom electrode, and the
membrane 143 can include a top electrodeThe basic
principle of the CMUT element 140 involves a parallel-
plate capacitor formed by the top and bottom electrodes
143, 145The substrate/bottom electrode 145 is fixed, and
the membrane/top electrode 143 is flexibleThe mem-
brane 143 is configured to deflect, as indicated by the
arrows in Fig. 3, during operation of acoustic element
140 to obtain ultrasound dataln receiving mode, an ul-
trasonic wave (e.g., ultrasonic echoes reflected from the
body lumen 120) causes vibration of the membrane 143
and a change of capacitance, which can be detectedIn
transmitting mode, an alternating voltage is applied be-
tween the membrane 143 and the substrate 145The re-
sulting electrostatic forces cause vibration of the mem-
brane 143, sending out ultrasound energy to the body
lumen 120 at the frequency of modulation

[0029] In various embodiments, the acoustic element
140 can be configured to emit ultrasound energy with a
center frequency between approximately 1 MHz and ap-
proximately 70 MHz, 5 MHz and approximately 60 MHz,
or between approximately 20 MHz and approximately 40
MHz, including values such as approximately 5 MHz, ap-
proximately 10 MHz, approximately 20 MHz, approxi-
mately 30 MHz, approximately 40 MHz, and/or other suit-
able values both larger and smallerAccording to aspects
of the present disclosure, the acoustically-transparent
window 300 is especially suitable for use with high fre-
quency ultrasound, such as between 20 MHz and 40
MHz, or higher frequencies, for CMUT elementsHigh fre-
quency ultrasound can be beneficial for B-mode imaging
of tissue structures, such as a blood vessel wall, as well
fluid within the body lumen 120, such as blood within the
blood vessel

[0030] The layer 310 of the acoustically-transparent
window 300 is positioned over and directly in contact with
the acoustic element 140In that regard, a bottom surface
of the layer 310 is directly in contact a top surface of the
membrane 143The layer 310 can be referenced as the
innermost layer of the acoustically-transparent window
300 in that it is the layer radially closest to the acoustic
element 140

[0031] The layer 310 can advantageously be formed
of a flexible and/or elastic material that is deformable
upon movement of the membrane 143In that regard, the
innermost layer (e.g., the layer 310) can be the softest



13 EP 3 590 437 A1 14

layer of the all of the layers of the acoustically-transparent
window 300In some embodiments, the layer 310 can
have a durometer hardness in the Shore 00 range, in-
cluding values such as less the 5 Shore 00In some em-
bodiments, the layer 310 can have a durometer hardness
between approximately 40 Shore A and 80 Shore A, in-
cluding values such as approximately 60 Shore A, and/or
other suitable values both larger and smallerThe layer
310 can be formed of polybutadiene rubber (PBR) in an
exemplary embodimentThe PBR material exhibits one
of the lowest acoustic wave abortions in the wide-range
of center frequencies used for the intraluminal ultrasound
imaging devicesln other embodiments, the layer 310 can
include silicone, polyurethane, gel, liquid, combinations
thereof, and/or other suitable materialsThe layer 310 ad-
vantageously allows deflection of the membrane 143 dur-
ing transmit and receive, and remains in contact with the
membrane 143 over the range of the motion of the mem-
brane 143For example, the layer 310 can be referenced
as conformable layer

[0032] The material forming the layer 310 can also ad-
vantageously assist with the mechanical dispersion of
forceFor example, material forming the layer 310 is se-
lected to avoid mechanical coupling and/or contact be-
tween the CMUT membrane 143 and any stiff layer in
the stack forming the acoustically-transparent window
300When there is a very soft layer 310 in between, the
CMUT membrane 143 does not feel the stiffness of, e.g.,
the top layer 330Thus, movement of the membrane 143
during transmit/receive is unaffectedIn contrast, if there
is a soft but incompressible material surrounded on all
sides with a stiff material then movement of the mem-
brane 143 requires movement of the stiff top layer 330,
and therefore the membrane 143 is hinderedAs de-
scribed further below, the arrangement of the layers in
the acoustically-transparent window 300 also advanta-
geously avoids direct coupling and/or contact between
the stiff top layer 330 and the flexible interconnect 142,
which would lock in the soft layer 310 and hinder the
membrane 143.

[0033] The layer 320 of the acoustically-transparent
window 300 is positioned over and directly in contact with
the layer 310In that regard, a bottom surface of the layer
320is directly in contact a top surface ofthe layer 310The
layer 320 can be harder than the layer 310 but softer than
the layer 330The layer 320 can have a durometer hard-
ness between approximately 5 Shore A and 80 Shore A,
including values such as approximately 5 Shore A, 40
Shore A, 60 Shore A, 80 Shore A, and/or other suitable
values both larger and smallerln some instances, the lay-
er 320 can be formed of a material having a greater hard-
ness when the layer 320 is thinnerThe layer 320 can be
referenced as an adhesive layer or a curing layer in some
instancesln the acoustically-transparent window 300, the
layer 320 can be a thin bond line between, e.g., the layer
310 and the layer 330In that regard, the layer 320 can
be configured to couple the layer 330 to other layers of
the acoustically-transparentwindow 300, such as the lay-
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er 310 in the embodiment illustrated in Fig. 3 In other
embodiments, the acoustically-transparent window 300
includes one or more additional layers between the layers
310 and 320The one or more additional layers, together
with the layers 310, 320, and 330 can advantageously
provide a desired acoustic impedance transition from the
acoustic element 140 to the body lumen 120.

[0034] The layer 320 can be formed of polyurethane
(PU) in an exemplary embodimentThe acoustic imped-
ance of PU can be Z = 1.3 to 1.9In other embodiments,
the layer 320 can include a silicone or other soft conform-
able materialln some instances, PU can be advanta-
geous because it can be implemented as a relatively thin
line with good impedance values for acoustic matching,
whereas other materials, such as silicone, may require
filling to increase impedance for acoustic matching,
which correspondingly increase a dimension 322, such
as height or thickness, of the layer 320PU can be used
for applications in which minimizing diameter of the in-
travascular device 102 is a priorityln some embodiments,
the acoustically-transparent window 300 does not in-
clude the layer 310Instead, the layer 320 is positioned
over and in direct contact with the acoustic element 140In
such instances, the layer 320 is the innermost layer of
the acoustically-transparent window 300As similarly de-
scribed above, the layer 320 can advantageously be a
flexible and/or elastic material that is deformable upon
movement of the membrane 143 When the layer 310 is
omitted in the acoustically-transparent window 300, a
softer PU can be usedA harder PU can be used when
the layer 310 is positioned between the layer 320 and
the acoustic element 140The layers 310 and/or 320 can
advantageously provide a low attenuation and matched
impedance for ultrasound energy.

[0035] A dimension 312, such as a height or a thick-
ness, of the layer 310 can be between approximately 10
pwm and approximately 20 wm, or between approximately
12 wm and approximately 18 pm, including values such
as approximately 10 wm, approximately 13 pm, approx-
imately 15 wm, approximately 17 um, and/or other values
both larger and smallerThe dimension 322, such as a
height or a thickness, of the layer 320 can be between
approximately 1 wm and approximately 10 um, or be-
tween approximately 1 wm and approximately 5 pm, in-
cluding values such as approximately 1 pm, approxi-
mately 3 uwm, approximately 5 wm, and/or other values
both larger and smallerTogether, the total height or thick-
ness of the layer 310 and the layer 320 can be greater
than approximately 15 wm, such as approximately 20
pm.

[0036] The layer 330 of the acoustically-transparent
window 300 is positioned over and directly in contact with
the layer 320In that regard, a bottom surface of the layer
330is directly in contacta top surface of the layer 320The
layer 330 can be referenced as the outermost layer of
the acoustically-transparentwindow 300 in that is the lay-
er radially farthest from the acoustic element 140The out-
ermost layer 330 can be opposite the innermost layer
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310 in the embodiment of the acoustically-transparent
window 300 illustrated in Fig. 3 The layer 330 is exposed
to anatomy within the body lumen 120 (e.g., blood, blood
vessel tissue, stenosis)A dimension 332, such as a
height or a thickness, of the layer 330 can be between
approximately 1 um and approximately 10 um, or be-
tween approximately 3 um and approximately 8 wm, in-
cluding values such as approximately 1 um, approxi-
mately 3 wm, approximately 5 pm, 7 um, and/or other
values both larger and smaller.

[0037] The layer 330 can be advantageously formed
of a relatively more rigid materialln that regard, the out-
ermost layer (e.g., layer 330) can be the hardest layer of
the all of the layers of the acoustically-transparent win-
dow 300The layer 330 can have a durometer hardness
between approximately 1 Shore D and 100 Shore D, ap-
proximately 80 Shore D and 100 Shore D, including val-
ues such as approximately 85 Shore D, and/or other suit-
able values both larger and smallerThe arrangement of
the layers 310, 320, and330 provide mechanical, electri-
cal, and/or chemical protection for the acoustic element
140Mechanical protection can be needed, e.g., while the
intraluminal imaging device 102 comes into contact with
anatomyWhen the acoustically-transparent window 300
encounters rigid or sharp anatomy, such as a when the
intraluminal imaging device 102 crosses a calcified ste-
nosis, the soft bottom layer 310 deforms but the tough
top layer 330 stays intactThe top layer 330 also has a
high breakdown voltage for electrical protectionAddition-
ally, the layer 330 also provides good permeation barrier
for water.

[0038] The layer 330 can be formed of polyethylene
terephthalate (PET)in an exemplary embodimentin other
embodiments, the layer 330 can include a polymer ma-
terial, such as polymethylpentene (PMP) or TPX®, avail-
able from Mitsui Chemicalsln some instances, PET can
be used when a thinner layer 330 is desired, such as
when minimizing diameter of the intravascular device
102A thinner PET layer 330 advantageously allows the
propagation of ultrasound energy in the desired manner,
e.g., without reflections, even though PET is not imped-
ance matchedPMP or TPX® can be used in applications
where a thicker layer 330 is beneficialA PMP layer 330
is impedance matched and can therefore be thicker with-
out causing undesirable ultrasound reflectionsin some
embodiments, the layer 330 can be obtained, prior to
assembly of the intraluminal imaging device 102, in the
form of tubing, such as shrink wrap tubingin other em-
bodiments, the layer 330, prior to assembly of the intra-
luminal imaging device 102, can be in the form of a planar
sheet of material (e.g., a foil) that can be wrapped into
an annular configuration around the longitudinal axis LA,
around the array 124 of acoustic elements 140.

[0039] Inembodimentsinwhicha PET heatshrink tube
is used as the tough upper layer 330, the dimension 332,
such as height or thickness, is selected to be small com-
pared to the wavelength of sound, preferably < 1/10 AThe
acoustic wavelength in PET is close to 80 pm at 30
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MHzWhile PET is not impedance matched in that it has
a relatively higher acoustic impedance, PET heat shrink
tubings with a dimension 332, such as wall thickness, of
approximately 5 um (e.g., available from Vention Medi-
cal) minimize acoustic reflections at impedance transi-
tionsThe thinner the not-impedance-matched layers are,
the better the acoustic performance at higher frequen-
ciesln other application, an impedance-matched materi-
al, such as TPX®, is used as the outer protective layer
330In thatcase, no acoustic reflections (reverb) will occur
even when the layer 330 is relatively thicker.

[0040] The arrangement of the layers 310, 320, 330
advantageously prevents direct contact between the lay-
er 330 and the interconnect 142Direct contact between
relatively harder layer 330 and the interconnect 142
would eliminate the movement/conformance of the layer
310 with the membrane 143 during ultrasound transmit
and receiveln that regard, the dimension 312 of the layer
310 is selected such that the layer 310 positioned over
and directly in contact with interconnect 142, as well as
the membrane 143In that regard, a bottom surface of the
layer 310 is directly in contact a top surface of the inter-
connect 142Accordingly, the layer 310 and/or the layer
320 is positioned between the layer 330 and the inter-
connect 142In embodiments of the imaging assembly
110 with configurations other than F2R, such as those
without the flexible interconnect 142, the entirety of the
bottom surface of the layer 310 can be in contact with
the top surface of the membrane 143.

[0041] The present disclosure provides numerous ad-
vantages compared to acoustically-transparent windows
for ultrasound applications known in the artIn that regard,
the arrangement of the acoustically-transparent window
300 described herein can be utilized for a wide-range of
center frequencies, such as a5 MHz and 40 MHz, where-
as existing windows where described in the context of 1
MHz to 20 MHzAs described herein, layers 310, 320, 330
provide a suitable acoustic pathway even for high fre-
quency ultrasound energy (e.g., 20 MHz to 40 MHz)Ex-
isting acoustic windows in the art are also much thicker
(e.g.,>30pm), as wellas designed forre-usable devices,
such as external ultrasound probesAspects of the
present disclosure advantageously provide a thin acous-
tically-transparent window 300 suitable for intraluminal
applications, such as IVUS imagingln that regard, the
acoustically-transparent window 300 also is arranged im-
plementation in a flex-to-rigid framework, such as being
positioned over the polyimide interconnect 142, which
allows for the array 124 to be transitioned from a planar
configuration to an annular configuration around the lon-
gitudinal axis LA of the device 102Known acoustic win-
dows for external ultrasound probes do not address the
need to avoid contact between the tough outer layer 330
and the interconnect 142.

[0042] In some embodiments, the adhesive layer 320
is the hardest layer of the acoustically-transparent win-
dow 300Such embodiments can permit propagation of
ultrasound energy through the acoustically-transparent
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window 300 in the intended manner by making the ad-
hesive layer 320 very thin, even though the impedance
of the layer 320 is likely undesirably high with a very hard
materialln a two layer design of the acoustically-trans-
parent window 300, the outer layer will be harder than
the inner layerln some instances, a hydrophilic coating
is positioned over the acoustically-transparent window
300The hardness of the hydrophilic coating can be great-
er than or less than hardness of the layers 310, 320,
and/or 330 of the acoustically-transparent window 300,
in various embodiments.

[0043] Fig.4 is aflow diagram of a method 400 of man-
ufacturing at least portions of the intraluminal ultrasound
imaging device 102, according to an embodiment of the
present disclosureAs illustrated, the method 400 in-
cludes a number of enumerated steps, but embodiments
of the method 400 may include additional steps before,
after, and in between the enumerated stepsin some em-
bodiments, one or more of the enumerated steps may
be omitted, performed in a different order, or performed
concurrentlyThe steps of the method 400 can be carried
by a manufacturer of the device 102 to yield the devices
including features described in Figs. 1-3 The method 400
will be described with reference to Figs. 5-9, which are
diagrammatic views of various components of the device
102 during various steps of manufacturingFor example,
Figs. 5-9 illustrate assembly steps for various compo-
nents of ultrasound imaging assembly 110, such as the
acoustically-transparent window 300 disposed over the
acoustic element array 124.

[0044] At step 410, the method 400 includes obtaining
an acoustic element array (Fig. 4)A diagrammatic top
view of an acoustic element array 124 is illustrated in Fig.
5, according to an embodiment of the present disclo-
sureThe acoustic element array 124 can include a plu-
rality of acoustic elements 140In an exemplary embodi-
ment, the acoustic elements 140 can be CMUT element-
sThe imaging assembly 110 of the device 102 shown in
Fig. 5alsoincludes the tip member 123 positioned distally
ofthe array 124, the controllers 125 positioned proximally
of the array 124, and the communication lines 134 (e.g.,
conductors providing electrical communication) extend-
ing proximally from the controllers 125

[0045] At step 420, the method 400 includes distribut-
ing material forming a flexible layer of the acoustically-
transparent window over and directly contacting the
acoustic element array (Fig. 4)For example, PBR can be
used to form the innermost layer 310 (Fig. 3)In that re-
gard, dissolved PBR can be dispensed on to device
102The device 102 can be rotated (e.g., around the lon-
gitudinal axis LA) after the PBR is dispensed or the PBR
can be dispensed while the device 102 is rotatingAs a
result, the PBR is spread evenly around the circumfer-
ence of the array 124 and/or other components of the
device 102In some embodiments, heptane is added to
PBR to control viscosity of the dissolved material.
[0046] At step 430, the method 400 includes drying or
curing the flexible layer of the acoustic windowIn embod-
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iments in which heptane is added to the PBR, the step
430 can include evaporating the heptaneStep 430 can
include applying heat or air to the material forming the
flexible layerAs a result of step 430 the material distrib-
uted in step 420 forms into the layer 310As a result of
drying/curing the layer 310 separately from forming the
others layers, the dimension 312, such as height or thick-
ness, of the layer 310 (Fig. 3) can be controlled inde-
pendently of the steps involved in forming the other lay-
erFor example, the dimension 312 of the layer 310 does
not depending on the shrinking behavior of the tubing
forming the layer 330, as described with respect to step
460.

[0047] Fig. 6 illustrates the imaging assembly 110 of
the device 102 after step 430Fig. 6 is a diagrammatic top
view after the flexible layer of the acoustically-transparent
window has been distributed over the acoustic element
array and cured, according to an embodiment of the
present disclosureln that regard, the layer 310 is com-
pletely covers the array 124In the illustrate embodiment
of Fig. 6, the layer 310 also covers at least a portion of
the tip member 123, the controllers 125, and/or the com-
munication lines 134Inthatregard, the layer 310 can form
part of the flexible elongate member 121.

In embodiments in which additional layers can part of the
acoustically-transparent window 300, the method 400 in-
cludes forming additional layers over the flexible layer
310.

[0048] At step 440, the method 400 includes dispens-
ing an adhesive on the flexible layer (Fig. 4)The adhesive,
such as PU, can form the layer 320 between the layers
310 and 330 (Fig. 3)For example, one or more droplets
of the adhesive can be dispensed directly onto the
dried/cured layer 310ln embodiments of the acoustically-
transparent window 300 that omit the layer 310, the ad-
hesive can be disposed directly onto the array 124Fig. 7
illustrates a volume 710 of the adhesive dispensed over
the array 124Fig. 7 is a diagrammatic top view of the heat
shrink tubing arranged to be positioned over the acoustic
element array (step 450) including the adhesive dis-
pensed on the flexible layer of the acoustically-transpar-
ent window, according to an embodiment of the present
disclosureln some embodiments, the adhesive is
sprayed onto the layer 310 and/or the array 124.
[0049] At step 450, the method 400 includes position-
ing tubing over the adhesive and the acoustic element
array (Fig. 4)The tubing can form the outermost layer 330
(Fig. 3) in some instanceslIn that regard, the tubing can
be a heat shrinkable tubing formed of PET in some em-
bodimentsAs shown in Fig. 7, the tubing 720 can include
lumen 722The array 124 and/or the tubing 720 is moved
such that the array 124, with the volume 710 of the ad-
hesive disposed thereon, is positioned within the lumen
722 of the tubing 720.

[0050] In some embodiment, the step 450 also in-
cludes fixing the ends of the heat shrink tubing 720In that
regard, during the heat shrink process, the wall thickness
increases if the tube 720 can freely shrink (reduced di-
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ameter, reduced length, increased wall thickness)The in-
crease in all thickness can be minimized or eliminated
by fixing the heat shrink tube 720 so it cannot shrink in
the length or longitudinal directionAnother option for step
450 is to mount the tube 720 around the array 124 by
stretching the tube 720 in the length direction so that it
shrinks in diameter prior to heatingln some instances,
stretching the tube 720 prior to heating can even lead to
a thinner wall after applying heatFor example, the dimen-
sion 332 of the layer 330 can be smaller.

[0051] In embodiments in which tubing is not used, the
step 450 includes positioning a planar piece of material
(e.g., a foil) around the array 124 and the volume 710 of
the adhesiveFor example, the planar piece of material
can be wrapped into an annular configuration around the
array 124 and the volume 710 of the adhesive.

[0052] At step 460, the method 400 includes applying
heat and/or air to shrink the tubing (Fig. 4)For example,
as a result of applying hot air, the tubing 720 shrinks
around the array 124 forming the rigid layer 330 (Fig.
3)The shrinking tubing 720 spreads out the adhesive lat-
erally, between the layer 310 and the surface of the lumen
722The volume 710 of the adhesive is thus distributed
around the entire circumference of the layer 310, rather
than remaining the droplet form shown in Fig. 7 In em-
bodiments, in which the tube 720 is stretched (step 450),
the step 460 can include a combination of applying heat
and mechanical stretchingExcess tubing 720 can be cut
and removed if neededThe cut ends of the tubing 720
can be additionally heat shrunkln some instances, addi-
tional adhesive is applied around the ends of the tubing
720.

[0053] In embodiments which omit the layer 310, the
adhesive is spread out laterally, between the array 124
and the surface of the lumen 722 as a result of shrinking
tubing 720. Adhesive is thus distributed around the entire
circumference of the array 124.

[0054] Atstep 470, the method 400 includes removing
excess adhesive (Fig. 4)The shrinking tubing 720 can
expel excess adhesive from the space between the layer
310 and the surface of the lumen 722, out of the ends of
the tubing 720The excess adhesive can be removed,
such as by wiping away, prior to curing the adhesive (step
480).

[0055] Atstep 480, the method 400 includes curing the
adhesive (Fig. 4)In some embodiments, the adhesive is
a two component curing systems, such as a two compo-
nent PUStep 480 can include application of heat and/or
airln some embodiments, the adhesive cures without va-
por emissionSolvent evaporation or gases formed by, for
instance, moist curing can be advantageously avoidedIf
something evaporates in/from the glue layer 320, gas/air
bubbles will be formed under the layer 330 and trapped
in the acoustically-transparent window 300, thereby de-
grading acoustic performance.

[0056] As a result of the steps of the method 400, the
layer 330 is formed around the array 124, as shown in
Fig. 8 In that regard, Fig. 8 is a diagrammatic top view
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after shrinking the tubing and curing the adhesive to form
the acoustically-transparent window 300, according to
an embodiment of the present disclosureThe adhesive
layer 320 and flexible layer 310 are positioned between
the array 124 and the layer 330 (Fig. 3)In someinstances,
the layer 330 can also cover the controllers 125.

[0057] Fig. 9 is a diagrammatic top view of CMUT el-
ements visible through the acoustically-transparent win-
dow, according to an embodiment of the present disclo-
sureFig. 9 illustrates a portion of the array 124 after the
steps of the method 400The CMUT elements 140 are
formed on islands 141 of the substrate 132 that are sep-
arated by the trench 144The membrane 143 is visible
through the optically and acoustically-transparent win-
dow 300A void free acoustically-transparent window 300
is advantageously realized according to aspects of the
present disclosure.

[0058] Persons skilled in the art will recognize that the
apparatus, systems, and methods described above can
be modified in various waysAccordingly, persons of or-
dinary skill in the art will appreciate that the embodiments
encompassed by the present disclosure are not limited
to the particular embodiments described aboveln thatre-
gard, although illustrative embodiments have been
shown and described, a wide range of modification,
change, and substitution is contemplated in the foregoing
disclosurelt is understood that such variations may be
made to the foregoing without departing from the scope
ofthe presentdisclosureAccordingly, itis appropriate that
the appended claims be construed broadly and in a man-
ner consistent with the present disclosure.

Claims

1. Anintraluminal ultrasound imaging device, compris-
ing:

a flexible elongate member configured to be po-
sitioned within a body lumen of a patient, the
flexible elongate member comprising a proximal
portion, a distal portion, and a longitudinal axis;
an ultrasound imaging assembly disposed atthe
distal portion of the flexible elongate member
and configured to obtain imaging data while po-
sitioned within the body lumen, the ultrasound
imaging assembly comprising:

a plurality of acoustic elements arranged
around the longitudinal axis of the flexible
elongate member; and

an acoustically-transparent window dis-
posed over the plurality of acoustic ele-
ments, the acoustically-transparent window
comprising a plurality of layers formed on
top of one another, wherein the plurality of
layers comprises:



10.

21 EP 3 590 437 A1

an innermost layer directly contacting
the plurality of acoustic elements;

an outermost layer opposite the inner-
mostlayer, wherein the outermostlayer
comprises a tubing; and

an adhesive layer coupling the outer-
most layer to another layer of the plu-
rality of layers,

wherein a hardness of the innermost layer
is less than hardnesses of every other layer
of the plurality of layers, and

wherein a hardness of the outermost layer
is greater than the hardnesses of every oth-
er layer of the plurality of layers

The intraluminal ultrasound imaging device of claim
1, wherein the flexible elongate member comprises
a catheter.

The intraluminal ultrasound imaging device of claim
1, wherein the ultrasound imaging assembly com-
prises an intravascular ultrasound (IVUS) imaging
assembly.

The intraluminal ultrasound imaging device of claim
1, wherein the plurality of acoustic elements com-
prises capacitive micromachined ultrasound trans-
ducer (CMUT) elements.

The intraluminal ultrasound imaging device of claim
1, wherein the tubing comprising a shrink wrap tub-

ing.

The intraluminal ultrasound imaging device of claim
1,

wherein each of the plurality of acoustic elements
comprises a substrate and a membrane movable rel-
ative to the substrate, and

wherein the innermost layer comprises an elastic
material deformable upon movement of the mem-
brane.

The intraluminal ultrasound imaging device of claim
1, wherein the innermost layer comprises polybuta-
diene rubber (PBR)

The intraluminal ultrasound imaging device of claim
1, wherein the outermost layer comprises polyethyl-
ene terephthalate (PET)

The intraluminal ultrasound imaging device of claim
1, wherein the adhesive layer comprises poly-
urethane (PU).

Anintraluminal ultrasound imaging system, compris-
ing:
an ultrasound imaging catheter configured to obtain
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12.

13.

14.
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imaging data while positioned within a body lumen
of a patient, the ultrasound imaging catheter com-
prising a proximal portion, a distal portion, and a lon-
gitudinal axis, wherein the ultrasound imaging cath-
eter further comprises:

a plurality of acoustic elements disposed at the
distal portion and arranged around the longitu-
dinal axis; and

an acoustically-transparent window disposed
over the plurality of acoustic elements, the
acoustically-transparent window comprising:

a first material layer positioned over and di-
rectly contacting the plurality of acoustic el-
ements, the first material layer comprising
a first hardness;

a second material layer positioned over and
directly contacting the first material layer,
the second material layer comprising a sec-
ond hardness; and

a third material layer positioned over and
directly contacting the second material lay-
er, the third material layer comprising a tub-
ing having a third hardness,

wherein the second material layer couples the
first material layer and the third material layer,
wherein the first hardness is less than the sec-
ond hardness and the third hardness, and
wherein the third hardness is greater than the
first hardness and the second hardness; and

a processor in communication with the ultra-
sound imaging catheter and configured to out-
put, to a display, an ultrasound image based on
the obtained imaging data.

The intraluminal ultrasound imaging system of claim
10, wherein the ultrasound imaging catheter com-
prises an intravascular ultrasound (IVUS) catheter.

The intraluminal ultrasound imaging system of claim
10, wherein the plurality of acoustic elements com-
prises capacitive micromachined ultrasound trans-
ducer (CMUT) elements.

The intraluminal ultrasound imaging system of claim
10, wherein the tubing comprising a shrink wrap tub-

ing.

The intraluminal ultrasound imaging system of claim
10,

wherein each of the plurality of acoustic elements
comprises a substrate and a membrane movable rel-
ative to the substrate, and

wherein the first material layer comprises an elastic
material deformable upon movement of the mem-
brane.
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The intraluminal ultrasound imaging system of claim
10, wherein the first material layer comprises polyb-
utadiene rubber (PBR)

The intraluminal ultrasound imaging system of claim
10, wherein the third material layer comprises poly-
ethylene terephthalate (PET)

The intraluminal ultrasound imaging system of claim
10, wherein the second material layer comprises
polyurethane (PU).
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