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SYSTEMS AND METHODS FOR COOLING ULTRASOUND
TRANSDUCERS

CROSS-REFERENCES TO RELATED APPLICATIONS

[0001] This application is an international patent application claiming priority to
United States Patent Application Serial No. 14/301,299 filed on June 10, 2014, and
entited " SYSTEMS AND METHODS FOR COOLING ULTRASOUND

TRANSDUCERS," which is hereby incorporated herein in its entirety by reference.

TECHNICAL FIELD

[0002] The disclosed technology relates generally to ultrasound probes, and more

specifically to systems and methods of reducing heat of ultrasound probes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] FIG. 1A is an isometric side view of an ultrasound transducer configured in

accordance with the disclosed technology.

[0004] FIGS. 1B and 1C are isometric side exploded views of the ultrasound
transducer of FIG. 1A.

[0005] FIG. 1D is a side exploded view of the ultrasound transducer of FIG. 1A.

DETAILED DESCRIPTION

[0006] The disclosed technology is generally directed to systems and methods of
cooling ultrasound transducers. It will be appreciated that several of the details set
forth below are provided to describe the following embodiments in @ manner sufficient
to enable a person skilled in the relevant art to make and use the disclosed
embodiments. Several of the details described below, however, may not be necessary
to practice certain embodiments of the technology. Additionally, the technology can
include other embodiments that are within the scope of the claims but are not described
in detail with reference to FIGS. 1A-D.

[0007] The disclosed technology can reduce an amount of heat emitted from an
outer surface of an ultrasound probe. During an ultrasound procedure, for example, an

ultrasound transducer in the probe generates, transmits and receives ultrasound
28798-8137.USO0/LEGAL120532557 .2 -1-
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energy. Electronics in the probe (e.g., beamforming electronics) can process the
signals and produce ultrasound data that can be used to form an ultrasound image.
The generation of the ultrasound energy and processing of the ultrasound data can, in
some instances, produce temperatures in excess of 60 degrees Celsius within the
probe. Such temperatures may raise a temperature of at least a portion of the outer
surface of the probe to a point of being uncomfortable or unsafe for an operator to hold
and/or a patient to touch. Embodiments of the present technology include, for example,
one or more conduits extending through an ultrasound probe allowing internal
components to emit heat to air flowing through the conduit(s), thereby reducing a
temperature along the outer surface of the probe and/or at the ultrasound transducer

array.

[0008] In one embodiment, for example, a handheld ultrasound imaging probe
includes a transducer assembly, electronics configured to drive the transducer and a
housing surrounding the transducer assembly and the electronics. A heat spreader is
positioned in the housing and configured to absorb heat from the transducer assembly
and the electronics. A conduit extends from a slot in a first side of the housing to a slot
in the second side of the housing and allows air to pass adjacent the heat spreader. In
one aspect, the conduit has an interior surface sealed from an interior portion of the
housing. One or both of the slots can be sized to prevent accessibility to the interior
surface by a finger of an operator. For example, one of the slots can have a height that
is significantly less than a width of the slot. In some aspects, the heat spreader can be
bonded and/or integral to the conduit.

[0009] In another embodiment of the disclosed technology, a handheld ultrasound
imaging probe includes a housing having a first side portion opposite a second side
portion, and an ultrasound transducer array and a circuit disposed within the housing.
A first aperture in the first side portion is in fluid communication with a second aperture
in the second side portion via a conduit extending through the housing. The conduit
includes a sealed interior surface that defines a cavity. In one aspect, the first and
second apertures are sized to prevent accessibility by a finger of an operator to the
cavity and the interior surface of the conduit. In another aspect, the ultrasound
transducer includes a front end and a rear end, and the conduit includes a distal end
and a proximal end. An exterior surface at the distal end of the conduit is shaped to

define a recess that receives at least a portion of the ultrasound transducer. In some
28798-8137.USO0/LEGAL120532557 .2 -2-
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aspects, a thermally conductive material is disposed in the housing between an exterior
surface of the conduit and the circuit. The thermally conductive material can have a
higher thermal conductivity than the housing. In other aspects, the housing is
configured to dissipate heat at a temperature less than or equal to a first temperature,
and the interior surface of the conduit is configured to dissipate heat at a second
temperature greater than the first temperature. In further embodiments, the interior
surface of the conduit includes a plurality of grooves. In still further embodiments, the
probe includes a second conduit through the housing that includes an interior surface
that defines a second cavity. A third aperture is in fluid communication with a fourth
conduit via the second cavity. The third and fourth apertures extend along different

outer surfaces of the enclosure.

[0010] In yet another embodiment of the disclosed technology, a handheld
imaging probe includes an ultrasound transducer array, beamforming electronics and
an enclosure at least partially surrounding the transducer array and beamforming
electronics. The enclosure includes a first opening and a second opening within
different sides of the enclosure. The probe further includes a passive heat exchanger
positioned in thermal communication with the transducer array and the beamforming
electronics. The heat exchanger includes a sealed tube extending between the first
and second openings, a heat spreader positioned at least proximate and/or near the
tube, and an air passage defined by an inner surface of the tube. The tube is
configured to convey thermal energy away from the ultrasound transducer, the
beamforming electronics and the heat spreader via air flowing in and out of the tube
through the air passage. In one aspect, the first and second openings are sized to
inhibit accessibility of an operator’s finger to the inner surface of the tube. In another

aspect, the heat spreader has a higher thermal conductivity than the enclosure.

[0011] FIG. 1A is an isometric side view of an ultrasound transducer probe 100
configured in accordance with one embodiment of the disclosed technology. FIGS. 1B
and 1C are exploded isometric side views of the probe 100. FIG. 1D is an exploded
side view of the probe 100. Referring first to FIGS. 1A-1D together, the probe 100
includes a housing 102 (e.g., an enclosure, a body, a shell, etc.) that defines a cavity
103. The housing 102 includes a first housing portion 102a (e.g., an upper portion)
attached or otherwise bonded to a second housing portion 102b (e.g., a lower portion).

The housing 102 further includes a first side portion 104a and a second side portion
28798-8137.USO0/LEGAL120532557 .2 -3-
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104b on opposite sides of a longitudinal axis L extending through a proximal end
portion 106, an intermediate portion 107 and a distal end portion 108 of the housing
102. A first aperture 122a (e.g., an opening, a hole, etc.) forms an elongated slot that
extends longitudinally along the first side portion 104a. A second aperture 122b (e.g.,
an opening, a hole, etc.) forms an elongated slot that extends longitudinally along the
second side portion 104b. The first and second apertures 122a and 122b are
configured to inhibit and/or block entry of a finger (e.g., an operator’s finger, a patient’s
finger, etc.) therethrough. The first and second apertures 122a and 122b each have a
length that extends between the proximal end portion 106 and the distal end portion
108 and a width that extends between the first housing portion 102a and the second
housing portion 102b. In one embodiment, one or both of the length or the width of
either the first aperture 122a or the second aperture 122b has a dimension less than a
diameter of typical finger (e.g., less than about 5mm). In some embodiments, for
example, one or both of the first and second apertures 122a and 122b can include a
length (e.g., between about 10mm and about 100mm, between about 15mm and about
35mm, or about 25mm) significantly greater than a width (e.g., between about 2mm and
about 20mm, between about 3mm and about 5mm, or about 4mm). In further
embodiments, a grid and/or a mesh screen, for example, can be disposed within one or

both of the first and second apertures 122a and 122b to inhibit entry of a finger.

[0012] The housing 102 is configured to at least partially surround an ultrasound
transducer assembly 110 (e.g., a single element ultrasound transducer, a one-
dimensional ultrasound transducer array, a multi-dimensional ultrasound transducer
array, etc.) positioned at least proximate the distal end portion 108. The transducer
assembly 110 is electrically connected to system electronics 114 (identified separately
as first system electronics 114a, second system electronics 114b and third system
electronics 114c¢). The electronics 114 can include, for example, one or more digital
signal processors, beamformers (e.g., analog and/or digital beamformers), image
processors (e.g., one or more processors capable of processing B-mode images, M-
mode images, Doppler images, etc.), electronic filters, etc. A cable 109 at the proximal
end portion 106 communicatively couples the transducer assembly 110 and the system

electronics 114 to an external computer and/or display (not/shown).

[0013] A conduit 120 (e.g., a duct, tube, etc.) extends through the housing 102

from the first aperture 122a toward the second aperture 122b. The conduit 120
28798-8137.USO0/LEGAL120532557 .2 4-
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includes a first conduit opening 130a (e.g., an inlet/outlet) and a second conduit
opening 130b positioned adjacent the first aperture 122a and the second aperture
122b, respectively. The conduit 120 further includes a proximal end portion 125a
opposite a distal end portion 125b. The distal end portion 125b includes an exterior
surface defining a pocket or recess configured to receive at least a portion of the
transducer assembly 110. In the illustrated embodiment, the conduit 120 is shown
positioned in the intermediate portion 107 of the probe 100. In other embodiments,
however, the conduit 120 can be positioned at any suitable location within the housing
102. Moreover, the probe 100 in FIGS. 1A-1D includes a single conduit 120. In other
embodiments, however, the probe 100 can include a plurality of conduits 120 extending

through the housing 102.

[0014] An interior surface 128 of the conduit 120 defines a fluid path 124 (e.g., an
air pathway, air passage, cavity, through hole, etc.) between the first aperture 122a and
the second aperture 122b. The interior surface 128 of the illustrated embodiment is
sealed such that air within the conduit 120 cannot flow into the cavity 103. In some
embodiments, however, the interior surface 128 can be at least partially open (e.g., via
one or more holes or vents) to allow air in the fluid path 124 to flow in and out of the
cavity 103. The interior surface 128 can be made from a material (e.g., copper, a
copper alloy, aluminum, stainless steel, etc.) having a thermal conductivity greater than
a material from which the housing 102 is formed. In other embodiments, however, the
interior surface 128 can be made of any suitable heat-resistant material (e.g., thermally
conductive materials capable of withstanding temperatures greater than 100 degrees
Celsius). In further embodiments, the interior surface 128 can include one or more
features (e.g., channels, grooves, ridges, notches, etc.) along at least a portion thereof

to increase the surface area thereof, thereby increasing heat dissipation.

[0015] A first heat spreader 118a and a second heat spreader 118b are positioned
adjacent the conduit 120 and in thermal communication with the interior surface 128,
the transducer assembly 110, the electronics 114. The first and second heat spreaders
118a and 118b can comprise, for example, copper, an alloy of copper and/or any other
suitable thermally conductive material (e.g., aluminum, graphite, composites that
include aluminum and/or copper, etc.). The first and second heat spreaders 118a and
118b are configured to absorb heat from the transducer assembly 110 and in the

electronics 114 and transmit heat to the interior surface 128. In some embodiments, for
28798-8137.USO0/LEGAL120532557.2 -5-
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example, the first and second heat spreaders 118a and 118b are directly bonded to the
conduit 120 and/or at least partially integrated into the conduit 120. In other
embodiments, however, the heat spreaders 118a and 118b are fully integrated with the
conduit 120.

[0016] The generation of ultrasound energy by the transducer assembly 110
during an ultrasound measurement procedure and/or the processing of ultrasound
signals by the electronics 114can produce significant amounts of heat. For example,
during an ultrasound procedure, the transducer assembly 110 and electronics 114 may
emit sufficient heat to raise a temperature at the interior surface 128 above for example,
60 degrees Celsius, which could be unsafe to touch. As explained above, however,
first and second apertures 122a and 122b are configured to inhibit entry of a finger,
thus reducing and/or blocking access to the interior surface 128 to an operator’s and/or
patient’s touch. The disclosed technology therefore is expected to increase an amount
of heat that can be produced and/or dissipated by the probe 100 compared to other
ultrasound probes without the housing 102 being uncomfortable or unsafe to touch or
hold.

[0017] In operation, a coolant C (e.g., air, water and/or another suitable coolant)
can enter the conduit 120, flow through the fluid path 124 and absorb heat generated
by components in the probe 100 before exiting the conduit 120. The coolant C, for
example, can enter the conduit 120 at a first temperature through either of the first
conduit opening 130a or the second conduit opening 130b. As the coolant C flows
through the fluid path 124 in the conduit 120, the coolant C can absorb heat transmitted
from, for example, the transducer assembly 110 and/or the electronics 114 via the heat
spreaders 118a and 118b and the interior surface 128 thereby convectively cooling the

probe 100 and one or more components contained therein.

[0018] From the foregoing, it will be appreciated that specific embodiments of the
invention have been described herein for purposes of illustration, but that various
modifications may be made without deviating from the scope of the invention. For
example, although the conduit 120 between the first and second apertures 122a and
122b is shown as a single continuous opening, it will be appreciated that multiple
conduits connecting multiple holes or slots can be provided along the length of the

probe 100. Accordingly, the invention is not limited except as by the appended claims.

28798-8137.USO0/LEGAL120532557.2 -6-
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CLAIMS

I/'We claim:

1. A handheld ultrasound imaging probe, comprising:

a transducer assembly;

electronics configured to drive the transducer;

a housing surrounding the transducer assembly and the electronics;

a heat spreader configured to absorb heat from the transducer assembly and the
electronics; and

at least one conduit extending from a first side of the housing to a second side of
the housing, wherein the conduit is configured to allow air to pass

adjacent the heat spreader.

2. The probe of claim 1 wherein the conduit has an interior surface sealed

from an interior portion of the housing.

3. The probe of claim 2 wherein the conduit extends from a first slot in a first
side of the housing to a second slot in a second side of the housing, and wherein the
first and second slots are sized to prevent accessibility to the interior surface by a finger

of an operator.

4, The probe of claim 3 wherein the first and second slots each have a

length and a width, wherein the length is significantly less than the width.

5. The probe of claim 1 wherein the heat spreader is bonded to the conduit.
5. The probe of claim 1 wherein the heat spreader is integral to the conduit.
7. A handheld ultrasound imaging probe, comprising:

a housing having a first side portion opposite a second side portion;

an ultrasound transducer assembly and a circuit disposed within the housing;

28798-8137.USO0/LEGAL120532557.2 -7-
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a first aperture in the first side portion in fluid communication with a second
aperture in the second side portion via a conduit extending through the
housing, wherein the conduit includes a sealed interior surface that

defines a cavity.

8. The ultrasound probe of claim 7 wherein the first and second apertures
are configured to prevent accessibility by a finger of an operator to the cavity and the

interior surface of the conduit.

9. The ultrasound probe of claim 7 wherein an exterior surface at the distal
end of the conduit includes a recess that is configured to receive at least a portion of

the ultrasound transducer.

10. The ultrasound probe of claim 7, further comprising a thermally
conductive material disposed in the housing that is adjacent the conduit, wherein the

thermally conductive material has a higher thermal conductivity than the housing.

11.  The ultrasound probe of claim 7 wherein the housing is configured to
dissipate heat at a temperature less than or equal to a first temperature, and wherein
the interior surface of the conduit is configured to dissipate heat at a second

temperature greater than the first temperature.

12.  The ultrasound probe of claim 7 wherein the surface of the conduit

includes a plurality of grooves.

13.  The ultrasound probe of claim 7 wherein the conduit is a first conduit and
the cavity is a first cavity, and further comprising:
a second conduit through the housing, wherein the second conduit includes an
interior surface that defines a second cavity; and
a third aperture in fluid communication with a fourth conduit via the second
cavity, wherein the third and fourth apertures extend along different outer

surfaces of the enclosure.

28798-8137.USO0/LEGAL120532557.2 -8-
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14. A handheld imaging probe, comprising:

an ultrasound transducer assembly communicatively coupled to beamforming
electronics; and

an enclosure at least partially surrounding the transducer assembly and the
electronics, wherein the enclosure includes a first opening and a second
opening within different sides of the enclosure; and

a passive heat exchanger positioned in thermal communication with the
transducer array and the electronics, wherein the heat exchanger includes

a tube extending from the first opening toward the second opening.

15. The imaging probe of claim 14 wherein the passive heat exchanger
further includes:
a heat spreader positioned adjacent the tube, wherein the heat spreader has a
higher thermal conductivity than the enclosure; and
a cavity defined by an interior surface of the tube, wherein the tube is configured
to convey thermal energy away from the ultrasound transducer, the
beamforming electronics and the heat spreader via air flowing in and out

of the tube through the cavity.

16. The imaging probe of claim 14 wherein the first and second openings
each have a length and a width, wherein the length is significantly longer than the
width.

17. A method of fabricating a probe having an ultrasound transducer and
beamforming electronics, comprising:

providing an enclosure that surrounds an ultrasound transducer coupled to
beamforming electronics, wherein the enclosure includes a first aperture
and at least a second aperture, and wherein the first and second
apertures each include a first dimension less than a diameter of an
operator’s finger; and

positioning a duct within the enclosure to extend from the first aperture toward
the second aperture and proximate the transducer and the beamforming

electronics.

28798-8137.USO0/LEGAL120532557.2 -9-
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18.  The method of claim 17 wherein the duct includes an interior surface that
defines an air passage, and wherein the duct is arranged to transfer heat away from the
ultrasound transducer and the beamforming electronics via air flowing in and out of the

duct through the air passage.

19. The method of claim 17, further comprising bonding a thermally

conductive member to an exterior surface of the duct.

20. The method of claim 17 wherein providing the enclosure includes
providing an enclosure made of a first material, and wherein positioning the duct within
the enclosure includes positioning a duct made of a second material with a greater

thermal conductivity than the first material.

21. A handheld ultrasound imaging probe comprising:

a housing;

a transducer disposed in the housing; and

electronics within the housing, wherein the transducer and electronics are
positioned around an open slot in the housing that includes a heat
dissipating surface, wherein the housing is configured so that a user's
hand touches an outer surface of the housing and not the heat dissipating

surface of the slot during use.

28798-8137.USO0/LEGAL120532557.2 -10-
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