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ULTRASONIC MATRIX ARRAY PROBE WITH
THERMALLY DISSIPATING CABLE

[0001] This invention relates to medical diagnostic ultra-
sound systems and, in particular, to ultrasonic matrix array
probes which dissipate heat generated by the probe ASIC
through the probe cable.

[0002] Twodimensional array transducers are used in ultra-
sonic imaging to scan in three dimensions. Two dimensional
arrays have numerous rows and columns of transducer ele-
ments in both the azimuth and elevation directions, which
would require a large number of cable conductors to couple
signals between the probe and the mainframe ultrasound sys-
tem. A preferred technique for minimizing the number of
signal conductors in the probe cable is to perform at least
some of the beamforming in the probe in a microbeamformer
ASIC (application specific integrated circuit.) This technique
requires only a relatively few number of partially beam-
formed signals to be coupled to the mainframe ultrasound
system, thereby reducing the required number of signal con-
ductors in the cable. However a large number of signal con-
nections must be made between the two dimensional array
and the microbeamformer ASIC. An efficient way to make
these connections is to design the transducer array and the
ASICto have flip-chip interconnections, whereby conductive
pads of the transducer array are bump bonded directly to
corresponding conductive pads of the ASIC.

[0003] The high density electronic circuitry of the micro-
beamformer ASIC can, however, produce a significant
amount of heat in its small IC package, which must be dissi-
pated. There are two main directions in which this heat can
flow. One direction is forward through the acoustic stack
toward the lens at the patient-contacting end of the probe.
This forward path exhibits relatively low resistance to thermal
flow. Build-up of heat in the lens must then be prevented by
reducing transmission voltage and/or the pulse repetition fre-
quency, which adversely affects probe performance.

[0004] The preferred thermal conduction direction is to the
rear, away from the lens and patient and toward a heat
spreader (typically aluminum) at the rear of the probe. But
generally located behind the transducer stack, the array ele-
ments and the microbeamformer ASIC, is an acoustic backing
block. The purpose of the acoustic backing block is to attenu-
ate ultrasonic energy emanating from the rear of the acoustic
stack and prevent this energy from causing reverberations that
are reflected toward the acoustic stack. An acoustic backing
block is generally made of a material with good acoustic
attenuation properties such as an epoxy loaded with micro-
balloons or other sound-deadening particles. Such materials,
however, typically have poor thermal conductivity. Hence it is
desirable to provide an acoustic backing block for an ultra-
sound probe which exhibits good acoustic attenuation of
acoustic energy entering the block, good thermal conductiv-
ity toward the rear of the probe and away from the lens, good
mechanical structure which can support the acoustic stack as
needed, and appropriate electrical isolation of the micro-
beamformer ASIC from other conductive components of the
probe.

[0005] An acoustic backing block which exhibits these
characteristics is described in U.S. patent application Ser. No.
61/453690, filed Mar. 17,2011. The backing block described
in this patent application is formed of a matrix of a highly
thermally conductive material with internal acoustic damping
members. A preferred material for the thermally conductive
material is graphite exhibiting a high thermal conductivity.
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The graphite is formed into a rigid block with the mechanical
stability to support a transducer array stack. The internal
acoustic damping members, which can be formed by drilling
holes in the graphite block which are filled with acoustic
damping material, are preferably located such that an acoustic
wave traveling normal to the rear surface of the transducer
array stack must encounter an acoustic damping member and
be acoustically attenuated.

[0006] While this thermally conductive backing block is an
excellent conductor of heat away from the microbeamformer
ASIC, there remains a problem in how and where to dissipate
the heat. Without more, the heat must dissipate from the probe
itself. Ultrasound transducers with no internal electronics can
effectively dissipate heat from the transducer elements using
modest thermal measures such as metal heat fins in the back-
ing, the probe frame, and heat sinks in the probe. As integrated
circuitry has begun to be located in the probe, passive cooling
elements such as heat spreaders internal to and coupled to the
probe housing have been used to dissipate the additional heat.
See, e.g., U.S. patent application Ser. No. 61/486,796, filed
May 17,2011. However, even such improved passive cooling
is unable to fully dissipate all the heat generated by the inte-
grated circuitry, leading to compromises in performance such
as those mentioned above to stay below thermal limits. What
is needed is additional capacity to dissipate transducer heat.
One further approach beyond the probe itself'is to connect the
thermal path in the probe to metal components in the cable
(i.e., the signal/power conductors and the shield braid) to
dissipate heat through these components. However, the
present inventors have found that this does not significantly
improve the heat dissipation capability because of limitations
in the thermal conductivity along the cable in the conductors
and braid, and the thermal conductivity from the conductors
and braid to the cable surface, where the heat is dissipated.
The present invention is directed to more effectively use the
transducer cable to help dissipate this additional heat. This
can help manage both lens face temperature and probe handle
temperature.

[0007] In accordance with the principles of the present
invention, an ultrasonic matrix array probe is described which
dissipates heat generated by the probe microbeamformer
ASIC through the probe cable by means of a fluid based
closed loop active cooling system. A heat exchanger in the
probe is in thermal communication with a thermally conduc-
tive backing block thermally coupled to the probe ASICs. In
one embodiment the heat exchanger is embedded in the ther-
mally conductive backing block. A fluid is pumped through
fluid conduits in the cable and through the probe heat
exchanger by a pump located in the probe case or the probe
connector at the proximal end of the cable. The fluid conduits
are formed and arranged in the cable in a manner which
efficiently conducts heat from the fluid to the cable surface
where itis dissipated by radiation and convection. Additional
cooling can be provided by metal-to-metal contact between
the probe connector and the ultrasound system which pro-
vides additional cooling capacity without a fluid connection
between the ultrasound system and the closed loop system of
the probe. The closed loop cooling system is completely
contained within the probe, its cable, and probe connector.

[0008]

[0009] FIG. 1illustrates a matrix array probe acoustic stack
with a thermally conductive backing block constructed in
accordance with the principles of the present invention.

In the drawings:
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[0010] FIG. 2 illustrates a matrix array probe, connector
and thermally dissipating cable constructed in accordance
with the principles of the present invention.

[0011] FIGS. 3, 4, 5 and 6 illustrate different bundling of
transducer conductors and fluid conduits for probe heat dis-
sipation in a probe cable in accordance with the principles of
the present invention.

[0012] FIG. 7 illustrates a heat dissipating probe cable
jacket with integrally formed fluid conduits in accordance
with the principles of the present invention.

[0013] FIG. 81is a perspective view of a thermally conduc-
tive backing block.

[0014] FIG. 9 illustrates a thermally conductive backing
block with a fluid cooling channel in accordance with the
principles of the present invention.

[0015] FIG. 10 illustrates a thermally conductive graphite
foam backing block constructed in accordance with the prin-
ciples of the present invention.

[0016] FIG. 11 illustrates an embodiment of the present
invention in which heat is exchanged by metal-to-metal con-
tact between a probe connector and a chiller in the mainframe
ultrasound system.

[0017] Referring first to FIG. 1, an acoustic stack 100 with
a thermally conductive backing block which is constructed in
accordance with the principles of the present invention is
shown schematically. A piezoelectric layer 110 such as PZT
and two matching layers 120, 130 bonded to the piezoelectric
layer are diced by dicing cuts 75 to form an array 170 of
individual transducer elements 175, four of which are seen in
FIG. 1. The transducer array 170 may comprise a single row
of transducer elements (a 1-D array) or is a piezoelectric plate
diced in two orthogonal directions to form a two-dimensional
(2D) matrix array of transducer elements. The matrix array
170 may also comprise a one or two dimensional array of
micromachined ultrasound transducer (MUTs) formed on a
semiconductor substrate by semiconductor processing. The
matching layers match the acoustic impedance of the piezo-
electric material to that of the body being diagnosed, gener-
ally in steps of progressive matching layers. In this example
the first matching layer 120 is formed as an electrically con-
ductive graphite composite and the second matching layer
130 is formed of a polymer loaded with electrically conduc-
tive particles. A ground plane 180 is bonded to the top of the
second matching layer, and is formed as a conductive layer on
a film 150 of low density polyethylene (LDPE) 140. The
ground plane is electrically coupled to the transducer ele-
ments through the electrically conductive matching layers
and is connected to a ground conductor of flex circuit 185.
The LDPE film 150 forms the third and final matching layer
140 of the stack.

[0018] Below the transducer elements is an integrated cir-
cuit 160, an ASIC, which provides transmit signals for the
transducer elements 175 and receives and processes signals
from the elements. Conductive pads on the upper surface of
the integrated circuit 160 are electrically coupled to conduc-
tive pads on the bottoms of the transducer elements by stud
bumps 190, which may be formed of solder or conductive
epoxy. Signals are provided to and from the integrated circuit
160 by connections to the flex circuit 185. Below the inte-
grated circuit 160 is a backing block 165 which attenuates
acoustic energy emanating from the bottom of the transducer
stack. In accordance with the principles of the present inven-
tion, the backing block also conducts heat generated by the

Feb. 12, 2015

integrated circuit away from the integrated circuit and the
transducer stack and away from the patient-contacting end of
the transducer probe.

[0019] FIG. 2illustrates a matrix array transducer probe 14,
cable 28 and connector 32 constructed in accordance with the
principles of the present invention. The probe components are
housed in an external polymeric case 20. A strain relief sleeve
18 surrounds the cable 28 where it enters the probe case 20. A
structure 12 inside the case called a “spaceframe” supports
the internal components of the probe and fits to the internal
dimensions of the case. At the distal, patient-contacting end
of the probe is the matrix array acoustic stack 100. The non-
conductive patient-contacting surface of the probe through
which ultrasound waves are sent and received is referred to as
a lens 10. Behind the two dimensional transducer array 170
are the beamformer ASICs 160 and behind the ASICs and in
thermal contact with them is the acoustically attenuating and
thermally conductive backing block 165. In accordance with
the present invention, a heat exchanger 16 is in thermal con-
tact with the back of the thermally conductive backing block
165. Cooling fluid is pumped into an inlet port of the heat
exchanger through a first conduit 22 and warmed fluid carry-
ing heat from the probe flows out of the probe through a
second conduit 24. These conduits pass through the probe
cable 28 along with the signal and power conductors for the
probe 14. The heat conveyed by the fluid in the second conduit
24 dissipates through the external covering of the cable as
described more fully below. The fluid in this closed loop
system is continuously circulated by a pump 26 which is
coupled to the two fluid conduits 22 and 24. The pump is
located in the probe connector 32 which connects the probe
and its cable to a mainframe ultrasound system. An electrical
socket 34 in the connector mates with a plug on the ultrasound
system when the connector 32 is attached to the ultrasound
system. In this arrangement a cooling fluid is pumped through
the cable conduit 22 and through the heat exchanger 16,
where it picks up heat from the ASICs 160 which has been
conducted away from the ASICs by the thermally conductive
backing block. The warmed fluid exits the probe 14 through
the conduit 24 and passes through the cable 28, where it
dissipates heat by convection and conduction through the
surface of the cable. Since probe cables are quite long, there
is a considerable length of cable and cable surface area from
which to dissipate the heat picked up in the probe. The flow-
ing fluid returns in a cooled state to the pump 26 and the
process continues.

[0020] FIGS. 3-6 illustrate a number of techniques for con-
figuring a fluid-based, thermally dissipating probe cable 28
for efficient and effective heat transfer and dissipation from
the warmed fluid. In the implementation of FIG. 3 the out-
bound (from the probe; heated) conduit 24 is located on one
side of the cable and the inbound (cool) conduit 22 is located
on the other side of the cable, separated by the signal and
power electrical conductors running from the connector 32 to
the probe 14. In this implementation the electrical conductors
are bundled into discrete sub-bundles 40. By keeping the
electrical conductors into sub-bundles the conductor sub-
bundles will stay in place around and between the fluid con-
duits and will not separate individually and be displaced as
can happen with individual unbundled conductors. The sub-
bundles of electrical conductors will thus keep the fluid con-
duits separated from each other thermally on opposite sides of
the cable. The sub-bundles and conduits are surrounded by a
metallic and/or graphite cable braid 42 which provides an r.f.
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electrical shield for the electrical conductors and also runs the
length of the cable. The cable braid also provides efficient
heat transfer from the outbound (warm) conduit 24 to the
outer cable jacket. Heat from the fluid in the outbound conduit
24 is then dissipated from the surface 44 of the cable jacket.
[0021] FIG. 4 illustrates another cable configuration in
which the inbound (cool) conduit 22 is located in the cable
braid 42 with the electrical conductor sub-bundles 40. The
other conduit 24 is located outside the cable braid 42. The
cable braid shields the conductors as in the previous example,
and the sub-bundles again separate the two conduits. Alter-
natively the conduits can be reverse-packaged, with the out-
bound conduit 24 inside the cable braid 42 and the inbound
conduit 22 located outside the braid. The electrical conduc-
tors, braid and conduits are again located in the cable jacket
44.

[0022] The implementation of FIG. 5 is similar to that of
FIG. 3, with the addition of a thermally conductive layer 46
between the cable braid 42 and the outer surface 44 of the
cable jacket. The thermally conductive layer, which may be a
part of the jacket, facilitates efficient heat transfer from the
outbound (warm) conduit 24 to the surface of the cable 28.
[0023] FIG. 6 illustrates another approach to separating the
two fluid conduits, which is the use of helically wound tubes
22', 24' for the two conduits. The turns of the two helical
windings are in interleaved alteration so that the two fluid
conduits are always separated. The electrical conductors run
through the center of the two helical tubes and the cable jacket
44 encases the helical conduits and conductors. A helically
wound conduit presents a greater surface area to the cable
jacket than does a straight conduit, affording greater heat
transfer from the warmed fluid inside the conduit and cable.
[0024] In the implementation of FIG. 7 the fluid conduits
22,24 are formed integral with the cable jacket 44. The fluid
conduits 22, 24 are thus formed during the extrusion of the
cable jacket. The two fluid conduits will stay separated
because they are integrally attached to opposite sides of the
jacket, with the shielded electrical conductors running
through the center of the jacket.

[0025] There are several ways to implement effective heat
exchange between the thermally conductive backing block
165 and the heat exchanger 16 in the probe. One is to form the
heat exchanger 16 as part of the spaceframe of the probe. The
spaceframe is generally made of aluminum, which is an effi-
cient conductor of heat. The heat exchanger 16 in FIG. 2 is
then a cross-member of the spaceframe which mounts the
acoustic stack and its thermally conductive backing block,
with the backing block in thermal communication with the
cross-member 16. A number of fluid channels are machined
through the cross-member 16 and coupled to the fluid con-
duits so that incoming fluid from conduit 22 flows through the
channels and out through the outbound conduit 24. As the
cross-member 16 is heated by heat transferred to it by the
backing block, that heat is carried away by the fluid flowing
through the channels of the cross-member.

[0026] Another heat exchange implementation in the probe
is to include a Peltier device in the heat exchanger 16, in
thermal communication with the thermally conductive back-
ing block 165. A Peltier device has a metal-to-metal junction
of two types of metal. When an electrical current is applied to
the junction, one side gets cool and the other side gets warm.
With the cool side in thermal contact with the backing block,
the Peltier device will then draw heat out of the backing block.
A fluid tube, coil, or channel member of a heat exchanger as

Feb. 12, 2015

previously described, through which fluid of the fluid con-
duits 22, 24 flows, is in thermal communication with the
warm side of the Peltier device and conducts and carries away
heat from the warm side of the device through the fluid of the
outbound conduit 24.

[0027] A third probe heat exchange implementation is
shown in FIGS. 8,9, and 10. In this implementation fluid heat
exchange is done within the thermally conductive backing
block. FIG. 8 illustrates a thermally conductive and acousti-
cally attenuating graphite backing block as described in
aforementioned U.S. patent application Ser. No. 61/453690,
filed Mar. 17, 2011. In this illustration the graphite is rendered
translucent for clarity of illustration of the internal composite
structure of the block. The acoustic dampening members are
formed as a plurality of angled cylinders 30 of backing mate-
rial in the backing block. The cylinders 30 are cut or drilled
into the graphite block 20, then filled with acoustic dampen-
ing material such as epoxy filled with micro balloons or other
acoustic damping particles. The tops of the cylinders 30
present a large area of acoustic dampening material to the
back of the integrated circuit 160. A considerable amount of
the undesired acoustic energy emanating from the back of the
integrated circuit and acoustic stack will thus pass immedi-
ately into the dampening material. The angling of the cylin-
ders as seen in FIG. 8 and the cross-sectional view of FIG. 9
assures that acoustic energy traveling in the Z-axis direction
away from the ASIC will have to intersect dampening mate-
rial at some point in the path of travel. Preferably, there is no
path in the Z-axis direction formed entirely of graphite, and
the angling of the cylinders does not promote reflection of
energy back to the integrated circuit but provides scattering
angles downward and away from the integrated circuit. In
practice it may be sufficient to block most of the Z-axis
pathways such as by blocking 95% of the pathways. Thus, the
angling of the cylinders assures damping of all or substan-
tially all of the Z-axis directed acoustic energy.

[0028] Heat, however, will find continuous pathways
through the graphite between the cylinders 30. Since the flow
of heat is from higher temperature regions to lower (greater
thermal density to lesser), heat will flow away from the inte-
grated circuit 160 and acoustic stack 100 to structures below
the backing block 165 where it may be safely dissipated.
[0029] For fluid-based closed loop cooling a fluid channel
54 is formed in the backing block 165 as shown in the cross-
sectional view of FIG. 9. The inbound (cooling) conduit 22 is
coupled to the inlet port 52 of the fluid channel 54 and the
outbound (warm) conduit 24 is coupled to the outlet port 56 of
the fluid channel. As heat is transferred into the backing block
165 from ASIC 160, it is carried away from the backing block
and probe by the fluid flow through the outbound fluid conduit
24. Heat exchange is done within the backing block itself with
no separate heat exchanger.

[0030] Another implementation of this technique is shown
in FIG. 10. In this implementation the thermally conductive
and acoustically attenuating backing block 165 is formed of
highly porous graphite foam 36. A coating of epoxy resin 38
on the outer surface of the graphite foam block provides
structural rigidity and an epoxy surface that readily bonds to
the ASIC 160. Holes are drilled through the epoxy layer on
either side of the block and fluid ports 52 and 56 are located in
the holes. The fluid ports thus access the highly porous inte-
rior of the block 165. The open structure of the porous graph-
ite foam allows fluid to flow from one port to the other. Cool
fluid flows in one port from the inbound conduit 22, through
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the porous foam structure, and out through the other port and
into the outbound conduit 24. The graphite 36 efficiently
conducts heat into the block 165 to be carried away by the
fluid flow, the open foam structure promotes the fluid flow,
and the graphite particles effectively scatter and attenuate
acoustic energy from the back of the acoustic stack.
[0031] Ifeven greater heat dissipation is required than that
afforded through the cable 28, additional cooling can be pro-
vided from the ultrasound system. Preferably, this additional
cooling is provided without any fluid communication
between the connector and the ultrasound system; it is desir-
able to keep the closed loop fluid flow completely within the
probe, cable and connector. In FIG. 11 a metal plate 60 with
fluid channels passing therethrough is located in the connec-
tor with the electrical socket 34. The outbound (warm) fluid
conduit is coupled to one end of the fluid channels of plate 60,
and a fluid conduit 23 is coupled from the other end of the
fluid channels to the pump 26. Warm fluid will thus flow
through the plate 60, heating the plate, before being pumped
back to the cable and probe. When the probe connector 32 is
plugged into the ultrasound system 200 and the electrical
socket mates with the matching plug 34' of the ultrasound
system, the plate 60 is pressed into contact against another
fluid channel plate 62 of the ultrasound system. The plate 62
is cooled by apparatus in the ultrasound system. Since space
and power is not at a premium in the ultrasound system as it
is in the probe, a cooling system of almost any design can be
used in the ultrasound system. A preferred cooling system is
a chiller/evaporator 68, located in and powered by the ultra-
sound system, which pumps chilled fluid through fluid con-
duits 64, 66 and fluid channels of the plate 62. The plate 62 is
thereby chilled to a considerably low temperature relative to
ambient temperature. The metal to metal contact of chilled
plate 62 and connector plate 60 which is warmed by fluid
from the probe effects a rapid and efficient transfer of heat
from the fluid in the warmed plate 60 to the chilled plate 62.
The thermal communication between the two plates is estab-
lished when the probe connector is plugged into the ultra-
sound system, and no fluid passes between the probe compo-
nents and the ultrasound system.
[0032] Variations of the systems described above will
readily occur to those skilled in the art. A heat exchanger need
not be made of metal elements, but can use other conductive
elements such as graphite, silicon, or other conductive mate-
rials. Obstruction of the fluid conduits due to bending, kink-
ing, or twisting of the cable can be minimized by using
redundant conduits, such as two inbound conduits alternated
with two outbound conduits and located every 90° around the
cable. Flow monitoring can be employed to assure the con-
tinued operation of the cooling system through the use of flow
Sensors, pressure sensors, or temperature monitoring. A fluid
reservoir can be connected to the fluid loop to provide for
expansion and contraction of the fluid due to temperature and
pressure changes.
1. An ultrasonic transducer probe assembly comprising:
a probe case;
an array of transducer elements located behind an acoustic
window in the probe case and configured to transmit and
receive ultrasound energy through the acoustic window;
an integrated circuit coupled to the transducer elements in
the probe case and configured to process signals trans-
mitted or received by the array;
a probe connector configured to connect the transducer
probe to an ultrasound system;
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a cable connected between the probe case and the probe

connector; and

a fluid-based closed loop cooling system comprising:

a closed fluid loop extending through the cable from the

probe case to the probe connector;

a pump. coupled to the fluid loop, which pumps fluid

through the loop; and

a heat exchanger located in the probe case which acquires

heat from the transducer array and integrated circuit,
wherein the closed fluid loop in the cable comprises an
inbound fluid conduit and an outbound fluid conduit that
are helically wound and separated from each other
within the cable by bundles of electrical conductors
coupled between the probe case and the probe connector.

2. The ultrasonic transducer probe assembly of claim 1,
wherein the inbound and outbound fluid conduits and the
bundles of electrical conductors are surrounded by a cable
braid.

3. The ultrasonic transducer probe assembly of claim 2,
wherein the cable braid is located against an inner wall of a
cable jacket of the cable.

4. The ultrasonic transducer probe assembly of claim 3,
wherein the cable braid further comprises a metallic or graph-
ite cable braid.

5. The ultrasonic transducer probe assembly of claim 1,
further comprising a cable braid located within the cable,

wherein the cable braid encloses the inbound fluid conduit

and the bundles of electrical conductors,

wherein the outbound fluid conduit is located outside the

cable braid and adjacent an inner wall of'a cable jacket of
the cable.

6. The ultrasonic transducer probe assembly of claim 1,
further comprising a cable braid located within the cable,

wherein the cable braid encloses the outbound fluid con-

duit and the bundles of electrical conductors,

wherein the inbound fluid conduit is located outside the

cable braid.

7. The ultrasonic transducer probe assembly of claim 6,
wherein the outbound fluid conduit in the cable braid is posi-
tioned adjacent an inner wall of a cable jacket of the cable.

8. The ultrasonic transducer probe assembly of claim 1,
wherein a cable jacket of the cable further comprises an inner
wall and an exterior wall,

wherein the inner wall of the cable jacket is lined with a

material exhibiting high thermal conductivity to pro-
mote the transfer of heat from an interior of the cable to
the exterior wall of the cable jacket.
9. The ultrasonic transducer probe assembly of claim 1,
wherein a cable jacket of the cable further comprises a mate-
rial exhibiting high thermal conductivity to promote the trans-
fer of heat from an interior of the cable to the exterior wall of
the cable jacket.
10. An ultrasonic transducer probe assembly comprising:
a probe case;
an array of transducer elements located behind an acoustic
window in the probe case and configured to transmit and
receive ultrasound energy through the acoustic window;

an integrated circuit coupled to the transducer elements in
the probe case and configured to process signals trans-
mitted or received by the array;

a probe connector configured to connect the transducer

probe to an ultrasound system;

a cable connected between the probe case and the probe

connector comprising an outer cable jacket; and
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a fluid-based closed loop cooling system comprising:

a closed fluid loop extending through the cable from the

probe case to the probe connector;

apump, located in the probe connector, which pumps fluid

through the loop; and

a heat exchanger located in the probe case which acquires

heat from the transducer array and integrated circuit,
wherein the closed fluid loop in the cable comprises an
inbound fluid conduit and an outbound fluid conduit that
are helically wound and separated from each other
within the cable by electrical conductors coupled
between the probe case and the probe connector.

11. The ultrasonic transducer probe assembly of claim 10,
wherein the inbound and outbound fluid conduits are part of
the outer cable jacket.

12. The ultrasonic transducer probe assembly of claim 11,
wherein the inbound and outbound fluid conduits are on
opposite sides of the outer cable jacket.

13. The ultrasonic transducer probe assembly of claim 10,
wherein the outer cable jacket further comprises an inner
surface and an exterior surface,

wherein the inbound and outbound fluid conduits are

attached to the inner surface of the cable jacket.

14. An ultrasonic transducer probe assembly comprising;

aprobe case;

an array of transducer elements located behind an acoustic

window in the probe case and configured to transmit and
receive ultrasound energy through the acoustic window;
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an integrated circuit coupled to the transducer elements in
the probe case and configured to process signals trans-
mitted or received by the array;

a probe connector configured to connect the transducer
probe to an ultrasound system;

a cable connected between the probe case and the probe
connector comprising an outer cable jacket; and

a fluid-based closed loop cooling system comprising:

a closed fluid loop extending through the cable from the
probe case to the probe connector;

a pump, coupled to the fluid loop, which pumps fluid
through the loop; and

a heat exchanger located in the probe case which acquires
heat from the transducer array and integrated circuit,

wherein the closed fluid loop in the cable comprises an
inbound fluid conduit and an outbound fluid conduit
helically wound and separated from each other within
the cable and having a common central passageway
through which extend electrical conductors coupled
between the probe case and the probe connector.

15. The ultrasonic transducer array assembly of claim 14,
wherein the inbound fluid conduit and the outbound fluid
conduit are alternately helically wound within the cable so as
to be separated from each other within the cable.
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