US 20080194964A1

a9 United States
a2y Patent Application Publication o) Pub. No.: US 2008/0194964 A1
Randall et al. (43) Pub. Date: Aug. 14, 2008
(54) ULTRASOUND IMAGING SYSTEMS 1) Appl.No.  11/672,622
(76) Inventors: Kevin S. Randall, Ambler, PA (22) Filed: Feb. 8, 2007
(US); Joseph A. Urbano, Audubon, Publication Classification
PA (US); Lawrence A. Engle,
StOWG, PA (US) (51) Int. CI.
A61B 8/00 (2006.01)
Correspondence Address: (52) USClLe oo 600/459
WOODCOCK WASHBURN LLP (57) ABSTRACT

CIRA CENTRE, 12TH FLOOR, 2929 ARCH
STREET
PHILADELPHIA, PA 19104-2891

Ultrasound imaging systems can include a probe, and a cable
that can be removably connected to the probe.
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ULTRASOUND IMAGING SYSTEMS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is related to: U.S. patent applica-
tion titled “Probes for Ultrasound Imaging Systems,” filed
Feb. 8, 2007 with attorney docket no. PENR-0008; U.S.
patent application titled “Probes for Ultrasound Imaging Sys-
tems,” filed Feb. 8, 2007 with attorney docket no. PENR-
0028; U.S. patent application titled “Probes for Ultrasound
Imaging Systems,” filed Feb. 8, 2007 with attorney docket no.
PENR-0029; and U.S. patent application titled “Methods for
Verifying the Integrity of Ultrasound Probes,” filed Feb. 8§,
2007 with attorney docket no. PENR-0030. The contents of
each of these applications is incorporated by reference herein
in its entirety.

TECHNICAL FIELD

[0002] Theembodiments relate to ultrasound imaging sys-
tems. More particularly, the embodiments relate to probes
that generate acoustical energy, and receive, process, and
transmit information relating to return reflections of the
acoustical energy.

BACKGROUND

[0003] Ultrasound imaging systems typically include a
hand-held module commonly referred to as a probe or scan
head. The probe can include one or more transducer arrays
that emit acoustic vibrations at ultrasonic frequencies, e.g.,
approximately 1 MHz to approximately 20 MHz or higher.
[0004] The probe can be held against a patient’s body so
that the acoustical energy is incident upon a target area on or
within the body. A portion of the acoustical energy is reflected
back toward the probe, which senses the return reflections, or
echoes. The transducer array generates an electrical output
representative of the return reflections.

[0005] The probe is usually connected to the base unit via a
multi-conductor cable. The base unit contains the circuitry
necessary to stimulate the transducer to generate acoustic
output waves and amplify and process the resulting echoes.
The base unit processes the reflected signal information into
a form suitable for display as a visual image, and displays the
image on a monitor.

[0006] The use of a cable between the probe and the base
unit can have disadvantages. For example, the relatively thick
cable can interfere with the dexterity of the user in manipu-
lating the probe. Moreover, the cable can degrade the electri-
cal characteristics of the probe. In particular, the cable adds
capacitance to the interfacing circuitry in the probe and the
base unit. This additional capacitance can decrease the signal
to noise ratio in the signals being transmitted through the
cable. Also, the cable needs to be sterilized, or covered in a
sheath that acts as a sterile barrier when the probe is used in a
sterile environment, thus adding to the time and effort
required to prepare the ultrasound imaging system for use.
[0007] Theabove-noted disadvantages of wired probes can
be alleviated or eliminated through the use of a wireless
probe, i.e., a probe that transmits information to the base unit
by wireless means such as radio frequency (RF) signals. To
facilitate wireless operation, a probe requires circuitry suit-
able to generate acoustic output waves and amplify and pro-
cess the reflected acoustic echoes into a form suitable for
sending over a wireless link.
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[0008] A wireless probe needs to be equipped with a battery
or other suitable power source. In applications where the
probe is to be used in connection with a critical medical
procedure, the service life of the battery, or the minimum
interval between recharging, should be greater than the dura-
tion of the procedure. Ideally, the service life or recharging
interval is substantially longer than the duration of a single
procedure, so that the battery can be used throughout multiple
procedures without being replaced or recharged.

[0009] The use of a battery can give rise to other needs
unique to a battery-powered probe. For example, it may be
necessary to monitor the charge state of the battery on a
real-time basis, to ensure that that sufficient charge is left to
perform a critical medical procedure.

[0010] Moreover, the probe and its battery may be equipped
with electrical contacts to establish contact between the probe
and a removable battery, or to facilitate charging of a non-
removable battery. Because the probe may be exposed to
electrically-conductive fluids, such as water or ultrasound
coupling gel, the contacts on the probe need to be isolated
from each other to prevent the unintended flow of electrical
current therebetween. A need likewise exists to isolate the
contacts on the battery from each other. Also, the probe
should be sealed to prevent fluids from infiltrating into the
interior of the probe and potentially damaging the electronic
components housed within the probe.

[0011] Eliminating a cable between the probe and the base
unit is believed to increase the potential for the probe to be
accidentally dropped. A wireless probe therefore needs to be
configured to withstand the mechanical shocks induced by
impacts. One possible technique for providing impact resis-
tance is potting the various electronic components within the
probe. Potting, however, can prevent the servicing and re-use
of the components. A need therefore exists to provide a wire-
less probe with impact resistance, while maintaining the
capability to service or re-use the electronic components of
the probe.

SUMMARY

[0012] Embodiments of probes for ultrasound imaging sys-
tems can be disassembled so that components located within
housings of the probes can be re-used.

[0013] Embodiments of probes for ultrasound imaging sys-
tems comprise a transducer array that emits acoustical energy
and receives return reflections of the acoustical energy, a
circuit board, a transmitter mounted on the circuit board and
communicatively coupled to the transducer array for trans-
mitting information relating to the return reflections, and a
housing comprising a backshell and a nosepiece removably
attached to the backshell. The housing has an interior volume
and the transducer array, the circuit board, and the transmitter
are positioned in the interior volume.

[0014] Embodiments of probes for ultrasound imaging sys-
tems comprise a housing comprising an upper clamshell, a
lower clamshell, and a nosepiece. The nosepiece and the
upper and lower clamshells comprise interlocking features
that secure the nosepiece to the first and second clamshells.
The embodiments also comprise a transducer array that emits
acoustical energy and receives return reflections of the acous-
tical energy, the transducer array being positioned within the
housing.

[0015] Embodiments of probes for ultrasound imaging sys-
tems comprise a transducer array positioned within the hous-
ing. The transducer array emits acoustical energy and
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receives return reflections of the acoustical energy. The
embodiments also include a transmitter communicatively
coupled to the transducer array for transmitting information
relating to the return reflections, and a housing having a
nosepiece and a backshell. The transducer array is potted into
the nosepiece, and the nosepiece is attached to the backshell
by at least one of: interlocking joints formed on the nosepiece
and the backshell; an adhesive having a bond strength that is
lower than a yield strength of the material or materials from
which the nosepiece is formed; fasteners; and latches.

[0016] Methods are provided for disassembling a probe for
an ultrasound imaging system. The probe comprises a trans-
ducer array, a circuit board assembly communicatively
coupled to the transducer array, and a housing comprising a
nosepiece that forms a forward end of the housing and a
clamshell pair attached to the nosepiece. The methods can
comprise cutting the clamshell, removing a portion of the
clamshell aft of the cut, and cutting or breaking a remaining
portion of the clamshell.

[0017] Methods are provided for recovering components
from an ultrasound imaging probe. The probe comprises a
transducer array, a circuit board assembly communicatively
coupled to the transducer array, a transmitter mounted on the
circuit board and communicatively coupled to the transducer
array, and a housing. The methods comprise determining that
the probe is at least partially compromised; separating a por-
tion of the housing in a way that renders the portion non-
reusable; extracting a component from the probe; and re-
using the extracted component.

[0018] Embodiments of probes for ultrasound imaging sys-
tems can include removable batteries. The embodiments can
include electrically-insulative barriers surrounding contacts
that facilitate electrical connections to the batteries. The
embodiments can include switches that electrically isolate the
batteries on a selective basis.

[0019] Embodiments of probes for ultrasound imaging sys-
tems comprise a housing, and a transducer array mounted in
the housing. The transducer array directs acoustical energy at
a target area and senses return reflections of the acoustical
energy from the target area. The embodiments also comprise
a transmitter mounted in the housing and communicatively
coupled to the transducer array. The transmitter transmits
information relating to the return reflections.

[0020] The embodiments also comprise a battery pack
removably mounted to the housing. The battery pack provides
electrical power for the transducer and the transmitter and
comprises an enclosure, a rechargeable battery mounted
within the enclosure, a first electrical contact mounted on the
enclosure, and a switch electrically connected to the battery
and the first electrical contact. The switch places the battery in
electrical contact with the first electrical contact on a selective
basis. The embodiments also comprise a second electrical
contact mounted on the housing, wherein the second electri-
cal contact mates with the first electrical contact when the
battery pack is mounted to the housing.

[0021] Embodiments of probes for ultrasound imaging sys-
tems comprise a housing, and a transducer array mounted in
the housing. The transducer array directs acoustical energy at
a target area and senses return reflections of the acoustical
energy from the target area. The embodiments also comprise
a transmitter mounted in the housing and communicatively
coupled to the transducer array. The transmitter transmits
information relating to the return reflections.
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[0022] The embodiments also comprise a battery pack
removably mounted to the housing. The battery pack provides
electrical power for the transducer and the transmitter and
comprises an enclosure, a rechargeable battery mounted
within the enclosure, a first electrical contact mounted on the
enclosure. The embodiments also comprise a second electri-
cal contact mounted on the housing. The second electrical
contact mates with the first electrical contact when the battery
pack is mounted to the housing.

[0023] The embodiments also comprise an electrically-in-
sulative barrier mounted on the housing or the enclosure and
surrounding the first electrical contact or the second electrical
contact. The probe is drawn into a first position in relation to
the housing as the probe and the charging station are partially
mated. The housing and the charging station exert a compres-
sive force on the gasket when the probe is in the first position.
The probe backs away from the charging station as the probe
moves from the first position to a fully mated position in
relation to the charging station so that the compressive force
decreases as the probe moves from the first position to the
fully mated position.

[0024] Embodiments of probes for ultrasound imaging sys-
tems comprise a housing, and a transducer array mounted in
the housing. The transducer array directs acoustical energy at
a target area and senses return reflections of the acoustical
energy from the target area. The embodiments also include a
transmitter mounted in the housing and communicatively
coupled to the transducer array. The transmitter transmits
information relating to the return reflections.

[0025] The embodiments also include a battery pack
mounted within the housing, and a first electrical contact
mounted on the housing for mating with a second electrical
contact on a charging station. The embodiments also include
a switch electrically connected to the battery and the first
electrical contact. The switch places the battery in electrical
contact with the first electrical contact on a selective basis.

[0026] Embodiments of probes for ultrasound imaging sys-
tems can be configured to withstand being dropped or other-
wise subjected to mechanical shock.

[0027] Embodiments of probes for ultrasound imaging sys-
tems comprise a housing, and a transducer array positioned
within the housing. The transducer array emits acoustical
energy and receives return reflections of the acoustical
energy. The embodiments also comprise a circuit substrate
positioned within the housing, and a compliant mount con-
necting the circuit substrate to the housing and substantially
buffering the circuit substrate from mechanical shock.

[0028] Embodiments of probes for ultrasound imaging sys-
tems comprise a housing, and a transducer array positioned
within the housing. The transducer array emits acoustical
energy and receives return reflections of the acoustical
energy. The embodiments also comprise at least one of a
compliant bumper mounted on the housing and compliant
cladding attached to an exterior surface of the housing.

[0029] Embodiments of probes for ultrasound imaging sys-
tems comprise a housing, and a transducer array positioned
within the housing. The transducer array emits acoustical
energy and receiving return reflections of the acoustical
energy. The embodiments also include a circuit substrate
communicatively coupled to the transducer array. At least a
portion of the circuit substrate is potted and/or is covered by
electronic circuit conformal coating. The embodiments fur-
ther include a transmitter mounted on the circuit substrate and



US 2008/0194964 Al

communicatively coupled to the transducer array for trans-
mitting information relating to the return reflections.

[0030] Methods are provided for verifying that water and
other fluids cannot reach the internal components probes for
ultrasound imaging systems.

[0031] Methods for verifying watertight integrity of a probe
for an ultrasound imaging system comprise introducing a gas
into an interior volume of a housing of the probe, and deter-
mining whether the gas escapes from the interior volume.
[0032] Methods for verifying watertight integrity ofa probe
for an ultrasound imaging system comprise creating a
vacuum within an interior volume of a housing of the probe;
and determining whether gas from an ambient environment
around the probe enters the interior volume.

[0033] Methods for verifying watertight integrity of a wire-
less probe for an ultrasound imaging system comprise
immersing the probe in a liquid, applying a voltage between
the probe and the liquid, and monitoring for a current above a
predetermined level in response to the voltage.

[0034] Embodiments of wireless probes for ultrasound
imaging systems comprise a housing, a transducer array posi-
tioned within the housing, the transducer array emitting
acoustical energy and receiving return reflections of the
acoustical energy; and a circuit substrate positioned within
the housing. The embodiments also include a wireless trans-
mitter mounted on the circuit substrate and communicatively
coupled to the transducer array for transmitting information
relating to the return reflections; and an electrically-conduc-
tive path between the circuit substrate and the housing.
[0035] Methods for verifying watertight integrity of a wire-
less probe for an ultrasound imaging system comprise apply-
ing a voltage and monitoring for a current above a predeter-
mined level in response to the voltage.

[0036] Embodiments of ultrasound imaging systems com-
prise a probe, and a cable that can be removably connected to
the probe.

[0037] Embodiments of ultrasound imaging systems com-
prise a probe comprising a housing, and a transducer array
positioned within the housing. The transducer array emits
acoustical energy and receives return reflections of the acous-
tical energy. The probe also comprises a transmitter mounted
on the circuit substrate and communicatively coupled to the
transducer array. The transmitter transmits stimulates the
transducer array to emit acoustical energy. The embodiments
also comprise a cable assembly comprising a first electrical
connector capable of being removably connected to the
probe.

[0038] Embodiments of ultrasound imaging systems com-
prise a probe comprising a housing, a first and a second
electrical contact, and a transducer array positioned within
the housing. The transducer array emits acoustical energy and
receives return reflections of the acoustical energy. The
embodiments also comprise a cable assembly comprising a
first electrical connector capable of being removably con-
nected to the probe. The first electrical connector comprises a
third and a fourth electrical contact that mate with the respec-
tive first and second electrical contacts when the probe and
the cable are mated. The embodiments also comprise an elec-
trically-insulative barrier mounted on the probe or the con-
nector so that the barrier encircles the first and third electrical
contacts or the second and fourth electrical contacts when the
probe and the cable are mated.

[0039] Methods for performing an ultrasound procedure
comprise providinga probe comprising a housing and a trans-
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ducer array positioned within the housing. The transducer
array emits acoustical energy and receives return reflections
of the acoustical energy. The methods also comprise provid-
ing a base unit that receives and processes output signals from
the probe, providing a sterile cable assembly, removably con-
necting a first end of the cable assembly to the probe, and
removably connecting a second end of the cable assembly to
the base unit.

[0040] Embodiments of ultrasound imaging systems com-
prise a probe comprising a housing and a transducer array
positioned within the housing. The transducer array emits
acoustical energy and receives return reflections of the acous-
tical energy. The embodiments also comprise a cable assem-
bly comprising a first electrical connector capable of being
removably connected to the probe.

[0041] Methods for performing an ultrasound procedure
comprise providing a probe comprising a housing and a trans-
ducer array positioned within the housing. The transducer
array emits acoustical energy and receives return reflections
of the acoustical energy. The methods also comprise provid-
ing a base unit that receives and processes output signals from
the probe, and providing a sterile cable assembly. The meth-
ods also comprise removably connecting a first end of the
cable assembly to the probe, and removably connecting a
second end of the cable assembly to the base unit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042] The foregoing summary, as well as the following
detailed description of embodiments, are better understood
when read in conjunction with the appended diagrammatic
drawings. For the purpose of illustrating the embodiments,
the drawings diagrammatically depict specific embodiments.
The appended claims are not limited, however, to the specific
embodiments disclosed in the drawings. In the drawings:
[0043] FIG. 1isa perspective view of an embodiment of an
ultrasound imaging system;

[0044] FIG. 2is atop perspective view of an embodiment of
a probe of the ultrasound imaging system shown in FIG. 1;
[0045] FIG. 3 is a side view of the probe depicted in FIGS.
1 and 2, with a side of ahousing of the probe made transparent
so that internal components of the probe are visible, and with
a battery and the housing of the probe in an un-mated state;
[0046] FIG. 4 is an exploded view of the housing of the
probe shown in FIGS. 1-3, without the internal components of
the probe;

[0047] FIG. 5 is a combined, magnified view of the areas
designated “A” and “B” in FIG. 4, depicting upper and lower
clamshells of the housing in cross-section, as the upper and
lower clamshells are mated with a nosepiece of the housing;
[0048] FIG. 6 is a combined, magnified view of the areas
designated “C” and “D” in FIG. 4, depicting the upper and
lower clamshells of the housing in cross-section, as the upper
and lower clamshells are mated with each other;

[0049] FIG. 7 is a block diagram depicting electrical and
electronic components of the probe and base unit shown in
FIGS. 1-6;

[0050] FIG. 8A is a combined, magnified view of the areas
designated “E” and “F” in FIG. 3;

[0051] FIG. 8B is a view taken from the perspective of FIG.
8A, depicting an alternative embodiment of the probe shown
in FIGS. 1-8A;

[0052] FIG. 8C is a schematic illustration of a battery iso-
lation circuit of the probe shown in FIG. 8B,
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[0053] FIG. 9 is a view taken from the perspective of FIG.
8A, depicting another alternative embodiment of the probe
shown in FIGS. 1-8A;

[0054] FIG. 10 is a magnified view of the area designated
“E” in FIG. 3, viewed from a perspective rotated approxi-
mately ninety degrees from the perspective of FIG. 3;
[0055] FIG. 11 is a magnified view of the area designated
“F” in FIG. 3, viewed from a perspective rotated approxi-
mately ninety degrees from the perspective of FIG. 3;
[0056] FIG. 12 is a combined, magnified view of the areas
designated “E” and “F” in FIG. 3, viewed from a perspective
above the probe;

[0057] FIGS. 13A-13D are side views depicting mating
features on the housing and the battery of the probe shown in
FIGS. 1-8A and 10-12, as the battery is mated with the hous-
ng;

[0058] FIGS. 14A-14D depict four different electrical cir-
cuits for use with the probe shown in FIGS. 15A and 15B,
wherein the electrical circuits electrically isolate battery
charging contacts of the probe from internal circuitry of the
probe when the probe is not located in the charging stand
depicted in FIGS. 15A and 15B;

[0059] FIG. 15A is a perspective view of a probe having a
non-removable battery, and a charging stand for use with the
probe;

[0060] FIGS. 15B and 15C are side views of the probe and
charging stand shown in FIG. 15A, depicting a cross section
ofthe charging stand taken along the line “H-H” of FIG. 15A,
depicting charging contacts of the probe in different locations
on the probe, and depicting the probe partially inserted in the
charging stand;

[0061] FIG. 15D is a magnified view of the area designated
“G” in FIG. 15C;

[0062] FIG. 16A is a perspective view of a probe, and a
cable assembly that can be removably connected to the probe;
[0063] FIG.16B is aperspective view of the probe shown in
FIG. 164A;

[0064] FIG.16C is a front view of an electrical connector of
the cable assembly shown in FIG. 16A;

[0065] FIG. 16D is a perspective view of the probe and a
cable assembly shown in FIGS. 16A-16C, equipped with
arms and projections that secure the probe and cable assem-
bly together;

[0066] FIG. 17 depicts circuitry of the probe and the cable
assembly shown in FIGS. 16A-16C, wherein the circuitry
facilitates data communications and power transfer between
the probe and a base unit.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

[0067] FIGS. 1-8 and 10-12 depict an embodiment of an
ultrasound imaging system 10. The system 10 includes abase
unit 12 and a probe 14, as shown in FIG. 1. The probe 14 can
be a wireless probe, 1.e., the probe 14 can communicate with
the base unit 12 by wireless means such as, but not limited to
ultra-wideband, spread-spectrum RF signaling.

[0068] The probe 14 comprises a housing 18 and a trans-
ducer array 20 mounted in the housing 18, as shown in FIGS.
2-4. The probe 14 can also include an externally-mounted
battery pack 16. The battery pack 16 comprises a recharge-
able battery 17 and a sealed enclosure 19 that houses the
battery 17. The battery pack 16, as discussed below, can be
mated with and removed from the housing 18 by the user, so
that the battery pack 16 can be charged by itself, i.e., without
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the remainder of the probe 14. The battery 17 can be a
Lithium-ion type, such as an assembly of three type
LPP402934 cells available from Varta Microbattery Gmbh,
Ellwangen, Germany.

[0069] The base unit 12 can incorporate a charging station
106, shown in FIG. 1, that recharges and maintains the charge
state of multiple battery packs 16. By having a multi-bay
charging station 106 on the base unit 12, a ready supply of
fully charged battery packs is available to replace a battery
pack 16 that has become depleted in use.

[0070] The housing 18 can include an upper clamshell 30,
a lower clamshell 32, a nosepiece 34, a battery panel 36, and
an acoustic window 38, as shown in FIGS. 3 and 4. The upper
clamshell 30, lower clamshell 32, and battery panel 36 form a
backshell 42 of the housing 18. The battery panel 36 can be
unitarily formed with one or both of the upper and lower
clamshells 30, 32, in the alternative. The entire backshell 42,
ie., the upper and lower clamshells 30, 32 and the battery
panel 36, can be unitarily formed in other alternative embodi-
ments.

[0071] The transducer array 20 and the acoustic window 38
are mounted on the nosepiece 34. The upper and lower clam-
shells 30, 32, the nosepiece 34, and the battery panel 36 can be
formed from a relatively low cost, shatter-resistant polymer
such as an ABS-Polycarbonate blend available, for example,
from General Electric Plastic as the Cycoloy series resins,
using a suitable process such as conventional die-casting.
[0072] Theoverall length of the housing 18 can be approxi-
mately 6 cm to approximately 10 cm. A specific range of
values for the length of the housing 18 is presented for exem-
plary purposes only; the length of the housing 18 can be less
than 6 cm and greater that 10 cm.

[0073] The transducer array 20 emits acoustical energy.
The transducer array 20 can produce acoustical vibrations
having frequencies in the ultrasonic range, e.g., approxi-
mately 1 MHz to approximately 20 MHz or higher. The
acoustical vibrations, when incident upon a target area on a
patient, generate return reflections or echoes. The transducer
array 20 senses the acoustic reflections, and generates an
electrical output representative of the acoustic reflections.
[0074] The transducer array 20 can include, for example, a
first plurality of piezoelectric elements that, when energized,
generate the acoustical vibrations in the ultrasonic frequency
range. The transducer array 20 can also include, for example,
a second array of piezoelectric elements that generate an
electrical output in response the return reflections incident
thereon. Transducer arrays configured in other manners can
be used in the alternative. Transducer arrays suitable for use
as the transducer array 20 can be obtained, for example, from
Sound Technology, Inc. of State College, Pa. as the model
61128 transducer array.

[0075] The probe 14 also includes a first circuit board
assembly 22 and a second circuit board assembly 24 mounted
in the housing 18, as shown in FIG. 3. The first and second
circuit board assemblies 22, 24 can be communicatively
coupled to each other by, for example, conventional board-
to-board electrical connectors 27.

[0076] Each ofthe first and second circuit board assemblies
22,24 is communicatively coupled to the transducer array 20
by an associated electrical connector 25 and an associated
cable, as shown in FIG. 3. The cable can be a flexible printed
wire board (PWB) 26 or other type of non-rigid connecting
means that can withstand repeated flexing. Each electrical
connector 25 can be mechanically connected to the associated
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first or second circuit board assembly 22, 24 in a manner that
prevents the interface between the electrical connector 25 and
the first or second circuit board assembly 22, 24 from flexing.
For example, the housing of each electrical connector 25 can
be secured to the associated first or second circuit board
assembly 22, 24 by a rigid standoff.

[0077] The first and second circuit board assemblies 22, 24
include the various electronic components that stimulate the
probe 14 with electrical energy, amplify, digitize. and other-
wise process the output of the transducer array 20, package
the processed signals for transmission to the base unit 12, and
transmit the data for subsequent processing, recording, and/or
display by the base unit 12.

[0078] For example, the first or the second board assembly
22 can include a transmit controller 109, a transmitter that is
referred to as a transmit pulser 107, a transmit receive switch
105, a receive amplifier 108 that amplifies the output of the
transducer array 20, a time-varying gain control (TGC) cir-
cuit 114, an analog-to-digital converter 118, a receive data
processor 116, and a transceiver 122. These components are
illustrated diagrammatically in FIG. 7.

[0079] The first and second circuit board assemblies 22, 24
each include a circuit substrate such as a circuit board 110
depicted in FIG. 3. The receive amplifier 108, transmit con-
troller 109, transmit pulser 107, transmit receive switch 105,
TGC circuit 114, analog-to-digital converter 118, receive data
processor 116, and transceiver 122 can be mounted on the
circuit board 110 of the first or the second circuit board
assembly 22, 24.

[0080] The transmit pulser 107 is a driver circuit that pref-
erably takes TTL logic level signals from the transmit con-
troller 109, and provides relatively high-power drive to the
transducer array 20 to stimulate it to emit acoustic waves. The
transmit controller 109 can act as a transmit beamformer that
provides appropriately timed transmit signals to the transmit
pulser 107 to form steered and focused transmit beams of
acoustic energy in a conventional manner well understood in
the art. The transmit controller 109 can be made considerably
simpler if it is only necessary to generate unfocused or diver-
gentacoustic pulses for a small number of elements, as for use
with synthetic focusing techniques, which are also well
understood in the art.

[0081] The transmit/receive switch 105 protects the low-
voltage TGC circuit 114 from the relatively high-voltage
pulses generated by the transmit pulser 107. When receiving
echoes from the patient’s body, the transmit/receive switch
105 connects the low voltage echo signals from the transducer
array 20 to the input of the TGC circuit 114. The TGC circuit
114 amplifies the output signals of the transducer array 20 to
levels suitable for subsequent processing. The TGI circuit 114
compensates for the attenuation of the acoustical energy
emitted by the probe 14 as the energy travels though human
tissue before reaching the target area on the patient. The TGC
circuit 114 also drives the analog-to-digital converter 118.
[0082] Thereceive data processor 116, if acting as a receive
data beamformer, delays and sums the digitized echo output
signals of the transducer array 20, to dynamically focus the
signals so that an accurate image of the target area can be
produced by the base unit 12, in a way that is well understood
in the art. Alternatively, the receive data processor 116 can
arrange, compress, and package the echo signal digital data,
without performing receive beamforming. The receive data
sets for all transmit elements can be sent to the transceiver 122
when using synthetic focusing techniques for beamforming.
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[0083] The transceiver 122 transmits the digitized output of
the receive data processor 116 to the base unit 12. The trans-
ceiver 122 can also receive inputs from the base unit 12. The
transceiver 122 can communicate with a compatible trans-
ceiver 123 on the base unit 12 by way of ultra-wideband RF
signaling.

[0084] Transmitters that communicate by wireless means
other than RF signals, such as but not limited to infrared or
optical signals, can be used in the alternative to the RF trans-
ceivers 122, 123. Moreover, alternative embodiments can
include a transmitter in lieu of the transceiver 122, to facilitate
one-way communication from the probe 14 to the base unit
12. The term “transmitter,” as used in the appended claims, is
intended to encompass transceivers that facilitate two-way
communications, one-way transmitters, and other transmit-
ting devices.

[0085] In another embodiment, communications between
base unit 12 and probe 14 can be facilitated over a wired link,
using a small number of signal conductors. In this case, the
transceivers 122 and 123 can be less complex due to the
reduced functionality required thereof. The wired link could
also carry power from the base unit 12 to the probe 14,
obviating the need for the battery 17. The wired link can
comprise electrical, optical, or other types of signal conduc-
tors.

[0086] Inanother embodiment, the analog signals from the
TGC circuit 114 can be processed in a charge-coupled device
receive beamformer or other analog beamformer, instead of
in the analog-to-digital converter 118 and the receive data
processor 116. In this case, the output from the analog receive
beamformer can be digitized, and the digital data can be
communicated to the base unit 12 through the transceiver 122
in the normal manner. Alternatively, the analog beamformer
output can be sent to the base unit 12 by the transceiver 122 as
an analog signal, and then digitized in the base unit 12 and
displayed on the monitor 126. The analog signal can be sent
to the base unit 12 over a wireless or wired link, in a manner
similar to that discussed above in relation to the digital data.
The analog signal can be the modulation source of an AM of
FM modulated RF carrier channel between the transceivers
122 and 123.

[0087] The base unit 12 includes an image processor 124
and a monitor 126, as shown in FIGS. 1 and 7. The image
processor 124 forms an image of the target area on the patient
based on the signal received from the probe 14, and displays
the image on the monitor 126.

[0088] Specific details of the various electronic compo-
nents of the probe 14 are presented for exemplary purposes
only. Alternative embodiments can have electronic compo-
nents configured in other manners.

[0089] Each ofthe first and second circuit board assemblies
22, 24 is communicatively coupled to the battery pack 16 by
way of an associated lead 54, and an associated contact 56
mounted on the battery panel 36, as shown in FIG. 3. Each
lead 54 can be formed from a non-rigid material that can
withstand repeated flexing. Fach lead 54 can be mechanically
connected to the circuit board 110 of the associated first or
second circuit board assembly 22, 24, in a manner that pre-
vents the interface between the lead 54 and the circuit board
110 from flexing. For example, the end portion of each lead 54
can be fixed to the associated circuit board 110 by a suitable
means such as epoxy, to immobilize the lead 54 at some
distance prior to the electrical interface between the lead 54
and the first or second circuit board assembly 22, 24.
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[0090] The probe 14 can include a user-activated on/off
switch 119, shown in FIG. 7, to electrically isolate the first
and second circuit board assemblies 22, 24 from the battery
17 on a selective basis.

[0091] The upper clamshell 30, lower clamshell 32, nose-
piece 34, and battery panel 36 define an interior volume 37
within the probe 14, as shown in F1G. 3. The transducer array
20 and the first and second circuit board assemblies 22, 24 are
positioned within the interior volume 37.

[0092] The nosepiece 34, transducer array 20, and acoustic
window 38 together form a nosepiece subassembly 40 that
can be checked for functionality before the probe 14 is
assembled. The transducer array 20 and the proximal portions
of the PWBs 26 can be potted into the nosepiece 34 using an
epoxy backfill 41, as shown in FIG. 3.

[0093] The acoustic window 38 covers the forward end of
the nosepiece 34, and is formed from an acoustically-trans-
parent material. The acoustic window 38 is securely attached
to the nosepiece 34 using, for example, an adhesive. The
acoustic window 38 is positioned in front of the transducer
array 20, so that the acoustical vibrations generated by the
transducer array 20 and the resulting return reflections pass
through the acoustic window 38.

[0094] Theupper and lower clamshells 30, 32 are attached
to each other along longitudinally-extending joints 44, as
shown in FIG. 6. The nosepiece 34 is attached to the forward
edges of the upper and lower clamshells 30, 32. The battery
panel 36 is attached to rearward edges of the upper and lower
clamshells 30, 32. The upper and lower clamshells 30, 32,
nosepiece 34, and battery panel 36 can be removably attached
to each other, as discussed below. The term “removably
attached,” as used herein, means attached in a manner that
permits the attached components to be detached from each
other without substantially damaging the components or oth-
erwise detrimentally affecting the potential for the compo-
nents to be re-used.

[0095] The probe 14 can be made waterproof. More par-
ticularly, each interface between the various component parts
of the housing 18 can be sealed so that water, ultrasound
coupling gel, and other fluids cannot enter the interior volume
37 within the housing 18. Also, the housing 18 can be con-
figured so that the transducer array 20 and the first and second
circuit board assemblies 22, 24 can be accessed without being
damaged. This feature, as discussed below, permits the rela-
tively expensive transducer array 20 to be removed from the
housing 18 for service and/or use in another probe 14.
[0096] Theupper clamshell 30 can be secured to the lower
clamshell 32 using an adhesive having a relatively high bond
strength applied to the joints 44. For example, MA3940 adhe-
sive, available from ITW Plexus, Danvers, Mass., can be used
in this application. A typical shear strength for this type
adhesiveisabout 10 MPa. The battery panel 36 can be secured
to the upper and lower clamshells 30, 32 using the same
high-strength adhesive. The use of an adhesive having a rela-
tively high bond strength can obviate the need to equip the
upper and lower clamshells 30, 32 and the battery panel 36
with interlocking features to secure these components to each
other. For example, the use of a relatively strong adhesive
between the upper and lower clamshells 30, 32 permits the
use of the relatively simple and compact joint 44 depicted in
FIG. 6.

[0097] The nosepiece 34 can be secured to the upper and
lower clamshells 30, 32 using an adhesive having a relatively
low bond strength, i.e., a bond strength that is lower than the
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yield strength of the material from which the nosepiece 34 is
formed, to facilitate removal of the nosepiece subassembly 40
and the first and second circuit board assemblies 22, 24 from
the probe 14. For example, RTV110 adhesive, available from
GE Advanced Materials of Wilton, Conn., can be used in this
application. A typical shear strength for this type of adhesive/
sealant is about 0.67 MPa.

[0098] The low-strength adhesive should be compatible
with the high-strength adhesive; contact between the low and
high strength adhesives need to be avoided in applications
where the two types of adhesives are not compatible. For
example, RTV silicone adhesives can greatly reduce the adhe-
sion of other adhesives, once the RTV has contacted the
surface to be bonded. To accommodate such incompatible
adhesives, the upper and lower clamshells 30, 32 should be
first bonded together, the bonding adhesive should be allowed
to fully cure, and the assembled backshell 42 should then be
bonded to the nosepiece 34.

[0099] As theupper and lower clamshells 30, 32 are formed
from a relatively inexpensive matetial, these components can
be sacrificed to gain access to the relatively expensive com-
ponents within the probe 14 to facilitate servicing and repair
of the probe 14. In particular, the upper and lower clamshells
30, 32 can be carefully cut just aft of the nosepiece 34. The
electrical connectors 25 can then be disconnected from the
circuit boards 22, 24 so that the majority of the upper and
lower clamshells 30, 32 and the circuit boards 22, 24 can be
removed from the nosepiece 34. In addition, the backshell 42
can be carefully cut apart along the seam lines between the
upper and lower clamshells 30, 32, and the electrical connec-
tor 27 can be disengaged to expose the circuit boards 22, 24.
The circuit boards 22, 24 can then be serviced and reused.
[0100] The remaining portions of the upper and lower
clamshells 30, 32, still attached to the nosepiece 34, canbe cut
or broken at one point along their respective circumferences.
The remaining portions can then be pried, peeled, or other-
wise detached from the joint of the nosepiece 34. The rela-
tively low-strength adhesive used to attach the nosepiece 34
to the upper and lower clamshells 30, 32 can facilitate
removal of the remaining portions of the upper and lower
clamshells 30, 32 with minimal difficulty. The nosepiece
subassembly 40 and the first and second circuit board assem-
blies 22, 24 can subsequently be serviced or repaired, and
reused.

[0101] The overlap of the contacting surfaces of the joints
between the nosepiece 34 and the upper and lower clamshells
30, 32 can be larger than the overlap of the contacting surfaces
of the joints 44 between the upper and lower clamshells 30,
32. This feature can provide additional surface area for the
relatively weak adhesive used in the joints between the nose-
piece 34 and the upper and lower clamshells 30, 32.

[0102] Alternatively, the nosepiece 34 and the upper and
lower clamshells 30, 32 can be equipped with interlocking
features, to augment the relatively low-strength adhesive used
to secure these components to each other.

[0103] For example, the joints between the nosepiece 34
and the upper and lower clamshells 30, 32 can have a saw-
tooth configuration as depicted in FIG. 5. The forward ends of
the upper and lower clamshells 30, 32 can have a complemen-
tary saw-tooth configuration. The saw-tooth joints include
teeth 39 that cause the rearward end of the nosepiece 34 and
the forward ends of the upper and lower clamshells 30, 32 to
resiliently deflect outwardly, away from each other, as the
nosepiece 34 and the upper and lower clamshells 30, 32 are
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moved toward each other during assembly, in the relative
directions denoted by the arrows 154 in FIG. 5. The upper and
lower clamshells 30, 32 should be attached to each other
before the upper and lower clamshells 30, 32 are attached to
the nosepiece 34.

[0104] The rearward end of the nosepiece 34 and the for-
ward ends of the upper and lower clamshells 30, 32 snap
inwardly, toward each other, as the nosepiece 34 and the
upper and lower clamshells 30, 32 are fully mated. The
engagement of the teeth 39 on the nosepiece 34 and the upper
and lower clamshells 30, 32 helps to secure the nosepiece 34
to the upper and lower clamshells 30, 32. Other types of
interlocking features such as latches or fasteners can be used
in lieu of saw-tooth joints in alternative embodiments.
[0105] The interface between the upper and lower clam-
shells 30, 32 of alternative embodiments can be equipped
with interlocking features, such as the saw-tooth joints
described above. Interlocking features can also used at the
interface between the battery panel 36 and the upper and
lower clamshells 30, 32 of alternative embodiments. The use
of interlocking features at these locations can eliminate the
need to use two different types of adhesives to assemble the
housing 18. Interlocking features may consume additional
space within the housing 18, however, and therefore may be
unsuitable in applications where space within the housing 18
is limited.

[0106] In embodiments where the various components of
the housing 18 are held together by interlocking features,
latches, fasteners, etc., techniques other than adhesives can be
used to seal the joints between the components. For example,
the joints can be sealed using a grease such as Nyogel
774VHE, available from Nye Lubricants of Fairhaven, Mass.
This grease is highly viscous over an operating range of about
10° C. to about 50° C., and is substantially waterproof. The
grease therefore would prevent ultrasound gel or other liquids
from penetrating the joints. A high-melting-point wax such as
Caranuba wax can also be used as a sealing material. A gasket
formed from a highly compliant material such as EPDM
rubber can be used to provide a seal between the various
components of the housing 18 in other alternative embodi-
ments. The sealing techniques noted in this paragraph permit
the various components of the housing 18 to be disassembled
without damage thereto.

[0107] The probe 14 can include features that permit the
probe 14 to withstand mechanical shocks resulting from
impacts and other abuse. In particular, the first and second
circuit board assemblies 22, 24 can be constructed in a man-
ner that minimizes the sensitivity of the first and second
circuit board assemblies 22, 24 to impact loads.

[0108] For example, the first and second circuit board
assemblies 22 can include components that are inherently
tolerant of mechanical shock. Components such as capacitors
can be chosen so as to have a relatively low aspect ratio. For
good mechanical strength, the ratio of the component height
to its smallest mounting base dimension should be about 0.2
or less. If the component height is too high compared to the
size of its mounting base, the leads attaching the component
to the circuit board 22, 24 may be subjected to large forces if
the probe is dropped. The leads may break upon impact, or
gradually fatigue if subjected to repeated smaller impacts.
Moreover, the various electronic components of the first and
second circuit board assemblies 22, 24 can be chosen to have
relatively robust electrical leads, to further reduce the likeli-
hood of breakage of the leads.
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[0109] Components of the first and second circuit board
assemblies 22, 24 that are not inherently shock-resistant can
be protected from impact loads by immobilizing those par-
ticular components. For example, a relatively fragile compo-
nent can be affixed to an adjacent component having greater
shock resistance and strength. Alternatively, a relatively frag-
ile component can be affixed directly to the underlying circuit
board 110 in a mechanically robust manner by, for example,
affixing the component to a bracket 48 that bears the weight of
the component, stabilizes the component in the event of an
impact, and transfers the impact forces from the body of the
component to the associated circuit board 22, 24. The bracket
can be securely attached to the circuit board 22, 24 by, for
example, machine or sheet metal screws of sufficient size to
bear the impact load.

[0110] Alternatively, relatively fragile components can
also be potted on an individual basis, if disassembly and
re-use of the component is not required or desired. Alterna-
tively, all or a portion of the first and second circuit board
assemblies 22, 24 can be potted, or the first and second circuit
board assemblies 22, 24 can be potted to form a single block.
[0111] Another alternative for increasing the ruggedness of
the various electronic components of the first and second
circuit board assemblies 22, 24 comprises coating the circuit
boards 110 with a material such as PC12-0007M, available
from Henkel, Inc. of Irvine, Calif., that surrounds and encap-
sulates the components on the circuit boards 110 in a manner
that renders the components more tolerant of shock and vibra-
tion. Other electronic circuit conformal coatings can be used
in the alternative.

[0112] The entire interior volume 37 of the housing 18 can
be potted in other alternative embodiments, to increase the
ruggedness of the first and second circuit board assemblies
22, 24. This approach can eliminate the need, discussed
below, for compliant standoffs between the first and second
circuit board assemblies 22, 24 and the housing 18. Potting
the entire interior volume 37 can also protect the first and
second circuit board assemblies 22, 24 from leakage of water,
ultrasound coupling gel, and other fluids into the interior
volume 37. Potting the entire interior volume 37, however,
can make it difficult or impractical to service the probe 18 and
the first and second circuit board assemblies 22, 24, and can
substantially increase the weight of the probe 14.

[0113] The firstand second circuit board assemblies 22, 24
can be mounted using a combination of rigid standoffs 50 and
compliant standoffs 52 shown in FIG. 3. In particular, the first
and second circuit board assemblies 22, 24 are mounted to the
respective housing upper and lower clamshells 30, 32 using
the compliant standoffs 52. The first and second circuit board
assemblies 22, 24 are mounted to each other using the rigid
standoffs 50. Each rigid standoff 50 can be aligned with a
corresponding compliant standoff 52, as shown in FIG. 3.
[0114] The required rigidity of the compliant standoffs 52
can be specified in terms of the elastic modulus of the standoff
material. The actual forces exerted on the circuit boards is
governed by the elastic modulus, but also by the ratio of the
cross-sectional area to the height of the standoffs 52. For this
application, a typical ratio of the cross-sectional area to the
height would be 0.004 m, or 7t (pi)*0.25 cm*/0.5 cm. A typical
elastic modulus for a compliant standoff is in the range of
about 5 MPa to about 50 MPa. A rigid standoff has an elastic
modulus that can be substantially higher than this value. For
example, a typical value for the elastic modulus of a rigid
aluminum standoff is about 70 GPa.
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[0115] The compliant standoffs 52 can be formed from a
compliant material such as soft rubber or silicone RTV. The
compliant standoffs 52 can be formed as springs, or other
types of compliant devices in the alternative. The compliant
standoffs 52 can reduce the peak acceleration of the first and
second circuit board assemblies 22, 24 caused by impact
loads on the housing 18, in comparison to a rigid mounting
arrangement. The compliant standoffs 52 increase the time
interval over which the first and second circuit board assem-
blies 22, 24 are accelerated or decelerated by the impact load.
The compliant standoffs 52 can thereby reduce the potential
for damage to the first and second circuit board assemblies 22,
24.

[0116] The rigid standoffs 50 maintain a fixed spacing
between the first and second circuit board assemblies 22, 24.
As board-to-board electrical connectors such as the connec-
tors 27 typically require fixed spacing between the intercon-
nected boards, the use of the rigid standoffs 50 may be
required in applications where such connectors are used.
Conversely, the use of rigid standoffs 50 may not be required
in alternative embodiments in which a flexible connection is
used between the first and second circuit board assemblies 22,
24.

[0117] Therigid standoffs 50 help to transmit impact loads
between the upper and lower clamshells 30, 32. In particular,
a portion of an impact load applied to the upper clamshell 30
is transmitted to the circuit board 110 of the first circuit board
assembly 22 by way of the upper compliant standoffs 52. A
portion of the load is then transmitted to the circuit board 110
of the second circuit board assembly 24 by way of the rigid
standoffs 50. A portion of the load is subsequently transmitted
1o the lower clamshell 32 by way of the lower compliant
standoffs 50. This arrangement, it is believed, can prevent a
substantial portion of the shock load from being absorbed by
the first circuit board assembly 22. Instead, the load is dis-
tributed between the first and second circuit board assemblies
22, 24 and the lower clamshell 32.

[0118] Shockloadsappliedto the lower clamshell 32 canbe
transmitted and distributed to the second circuit board assem-
bly 24, the first circuit board assembly 22, and the upper
clamshell 30 in a similar manner.

[0119] Aligning the rigid standoffs 50 and the compliant
standoffs 52, it is believed, also helps to minimize bending of
the circuit boards 110 of the first and second circuit board
assemblies 22, 24. In particular, aligning each rigid standoff
50 with a corresponding compliant standoff 52 causes the a
substantial portion of the load transmitted by the compliant
standoft 52 to be transmitted directly to the associated rigid
standoff 50 by way of the intervening portion of the circuit
board 110. Thus, the load applied by the compliant standoff
52 is substantially aligned with the reactive force exerted by
the rigid standoff 50, and localized bending of the circuit
board 110 is minimal.

[0120] The probe 14 can be equipped with features that
minimize the impact loads on the housing 18, and the com-
ponents located within the housing 18, when the probe 14 is
dropped, hit, or otherwise abruptly accelerated.

[0121] Forexample, compliant bumpers 60 can be mounted
on the nosepiece 34, as shown in FIGS. 2 and 3. The bumpers
60 can be mounted on the top, bottom, and sides of nosepiece
34, so that the bumpers 60 do not occlude the acoustic win-
dow 38, and do not interfere with contact between the acous-
tic window 38 and the patient. Moreover, compliant cladding
62 can be attached to the exterior surfaces of the upper and
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lower clamshells 30, 32, to further protect the transducer
array 14 from impact loads. Additional compliant bumpers 60
can be mounted on the upper and lower clamshells 30, 32 in
lieu of; or in addition to the compliant cladding 62 in alter-
native embodiments. Additional compliant bumpers 60 and/
or additional compliant cladding 62 can be mounted on the
battery panel 36 in other alternative embodiments.

[0122] The bumpers 60 and the cladding 62 can be formed
from a compliant material such as overmolded silicone rub-
ber. For example, SPAPS silicone rubber, available from Bry-
ant Rubber, Harbor City, Calif., can be used in this applica-
tion. It is believed that the bumpers 60 and the cladding 62
reduce the peak g-forces within the probe 14 when the probe
14 is subjected to an impact load, by increasing the time
period over which the probe 14 is accelerated or decelerated
in response to the load.

[0123] Thebattery pack 16 can be mated with and removed
from the housing 18 by the user, without a need to disas-
semble the housing 18 or any other components of the probe
14. The ability to remove the battery pack 16 permits the
battery pack 16 to be charged without the remainder of the
probe 14.

[0124] The battery pack 16 includes two contacts 66, as
shown in FIGS. 11 and 12. Each contact 66 contacts an
associated contact 56 on the battery panel 36 when the battery
pack 16 is mated with the housing 18. The contacts 56, 66
establish electrical contact between the battery pack 16 and
the firstand second circuit board assemblies 22, 24, by way of
the leads 54.

[0125] The contacts 56, 66 can be formed from materials
capable of being exposed to water, ultrasound coupling gel,
and other fluids without corroding or otherwise degrading.
The contacts 56 can be mounted on the battery panel 36 in a
manner that prevents leakage of fluid into the interior volume
37 of the housing 18. The contacts 66 likewise can be
mounted on the enclosure 19 of the battery pack 16 in a
manner that prevents leakage of fluid into the interior of the
battery pack 16. For example, the interface between the con-
tacts 56 and the battery panel 36, and the interface between
the contacts 66 and the enclosure 19 can be sealed by casting
the contacts 56, 66 into the respective battery panel 36 and
enclosure 19 when the battery panel 36 is die cast. Alterna-
tively, the contacts 56, 66 can be cemented into a cavity in the
respective battery panel 36 and enclosure 19 with a general-
purpose epoxy or other adhesive.

[0126] The contacts 56 can be non-deflectable contacts,
and are substantially flush with an outer surface 72 of the
battery panel 36, as shown in FIG. 12. The contacts 66 can be
deflectable contacts. The contacts 66 resiliently deflect when
the battery pack 16 is mated with the housing 18, to establish
a contact force between the contacts 66 and the contacts 56.
[0127] The contacts 56 can be made deflectable, and the
contacts 66 can be made non-deflectable in alternative
embodiments. The deflectable contacts, however, will likely
wear and require replacement prior to the non-deflectable
contacts, and are more susceptible to damage during handling
than the deflectable contacts. Thus, it is desirable that the
contacts 66 be made deflectable since the battery pack 16 is
less expensive to replace, and is expected to have a shorter
service life than the remainder of the probe 14.

[0128] The probe 14 can include features that electrically
isolate each mated pair of contacts 56, 66 from the other pair
of contacts 56, 66 when the battery pack 16 is mated with the
housing 18. For example, an electrically-insulative barrier in
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the form of a ring-shaped, compressible gasket 70 can be
mounted on the battery pack 16, as shown in FIGS. 8, 11, and
12. The gasket 70 can be mounted on the surface 72 of the
battery panel 36 in alternative embodiments.

[0129] The gasket 70 encircles one of the contacts 66 so that
the contacts 66 are separated by the gasket 70, as shown in
FIG. 11. The gasket 70 is formed from an electrically-insu-
lative material, and thus forms a barrier that electrically iso-
lates the pair of contacts 56, 66 within the perimeter of the
gasket 70 from the pair of contacts 56, 66 located outside of
the perimeter when the battery pack 16 is mated with the
housing 18.

[0130] Ultrasound coupling gel is electrically-conductive.
Thus, the battery pack 16 and the housing 18 can be equipped
with features that displace ultrasonic coupling gel that may be
located at the interface between the gasket 70 and the battery
panel 36, to reduce or eliminate the possibility of current flow
across the interface.

[0131] The battery panel 36 and the battery pack 16, as
discussed below, can be equipped with mating features that
require the battery pack 16 to be rotated in relation to the
housing 18 (or vice versa) when the battery pack 16 is mated
with the housing 18. The axis of rotation of the battery pack
16 during mating should pass through or near the center of the
gasket 70.

[0132] The gasket 70 contacts, and rotates against a the
outer surface 72 of the battery panel 36 during mating of the
battery pack 16 with the housing 18. The pressure of the
gasket 70 against the surface 72, in combination with the
rotation of the gasket 70, cause the gasket 70 to displace, or
squeeze ultrasound coupling gel or other surface contami-
nants from the interface between the gasket 70 and the surface
72.

[0133] One possible set of mating features for the battery
panel 36 and the battery pack 16 is depicted in FIGS. 2 and
10-13D. The mating features are not depicted in other figures,
for clarity of illustration. The mating features include two
projections 80 formed on opposing sides of the housing 18,
and two extensions formed on opposing sides ofthe enclosure
19 of the battery pack 16. The extensions can be, for example,
relatively thin, elongated arms 83 as shown in FIGS. 12-13D.
Other configurations for the extensions can be used in alter-
native embodiments.

[0134] The arms 82 each engage an associated projection
80 when the battery pack 16 is mated with the housing 18. The
engagement of the arms 82 and the associated projections 80
secures the battery pack 16 to the housing 18. The arms 82 can
be formed as part of the housing 18, and the projections 84 can
be formed as part of the battery pack 16 in alternative embodi-
ments

[0135] Each arm 82 has an end portion 84. The end portion
84 of one of the arms 82 faces upward, and the end portion of
the other arm 82 faces downward. The downward-facing end
portion 84 is shown in FIGS. 2 and 13A-13D. The upward and
downward facing end portions 84 necessitate rotation of the
battery pack 16 in relation to the housing 18 (or vice versa)
during mating of the battery pack 16 and the housing 18.
[0136] Each projection 80 can include an inclined surface
85, and a nub, or rounded portion 86 located proximate the
inclined surface 85. Each end portion 84 of the arms 82 can
have an indentation 88 formed therein.

[0137] Thebattery pack 16 is mated with the housing 18 by
aligning the battery pack 16 with the housing 18 so that each
projection 80 is offset vertically from its associated arm 82 as
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shown in FIG. 13A. The battery pack 16 is moved toward the
battery panel 36 (or vice versa) until the gasket 70 contacts the
surface 72 of the battery pack 16. The arms 82 are sized so that
the end portions 84 thereof and the projections 80 are located
at the relative positions depicted in FIG. 13A at this point.
[0138] Rotation of the battery pack 16 in relation to the
housing 18 (or vice versa), in the direction denoted by the
arrow 150 in FIG. 13B, causes each end portion 84 to ride up
the inclined surface 85 of the associated projection 80, as
shown in FIG. 13B. The slope of the inclined surfaces 85
draws the battery pack 16, including the gasket 70, closer to
the surface 72 of the battery panel 36, in the direction denoted
by the arrow 152 in FIG. 13B. The resulting compression of
the gasket 70 against the surface 72 displaces ultrasound
coupling gel from the interface between the gasket 70 and the
surface 72.

[0139] Continued rotation of the battery pack 16, in com-
bination with the resilience of the arms 82, eventually cause
each rounded portion 86 of the projections 80 to become
disposed in the indentation 88 in the associated end portion
84, as depicted in FIG. 13D. The positioning of the projec-
tions 80 in the indentations 88 permits the battery pack 16 to
back away slightly from the battery panel 36, in the direction
denoted by the arrow 152 in FIG. 13D, thereby relieving some
of the pressure on the gasket 70. In other words, the mechani-
cal interaction between the arms 82 and the projections 80
causes the gasket 70 to be compressed beyond its final state of
compression during mating of the battery pack 16 and the
housing 18.

[0140] Partially relieving the pressure on the gasket 70 at
the end of the mating process relieves some of the pressure on
the ultrasound coupling gel that has been squeezed inward
within the perimeter of the gasket 70. Reducing the pressure
on the ultrasound coupling gel reduces the potential for the
gel to continue to leak outwardly, past the gasket 70. Such
leakage can create an unintended conduction path between
the electrical contacts 56, 66.

[0141] Inapplications in which more than two sets of bat-
tery contacts 56, 66 are used, additional gaskets such as the
gasket 70 can be positioned between each set of contacts 56,
66.

[0142] The battery pack 16 may be immersed in or other-
wise in contact with ultrasound coupling gel, water, or other
electrically-conductive fluids when the battery pack 16 is in
an un-mated condition. Thus, the battery pack 16 can include
switching features that prevent voltage from being present at
the contacts 66 when the battery pack 16 is not mated with the
housing 18 or the charging station 106, to prevent uninten-
tional discharge of the battery 17 due to contact with such
fluids.

[0143] For example, the battery pack 16 can include a
switching feature in the form of a relay, such as a “form A”
(normally open) reed relay 92 depicted in FIGS. 7 and 8. The
relay 92 is electrically connected in series with one of the
contacts 66 of the battery pack 16 and the battery 17, so that
the relay 92 can interrupt electrical contact between the con-
tact 66 and the battery 17. A magnet 96 can be mounted on an
interior surface of the battery panel 36, as shown in FIG. 8.
The magnet 96 can be positioned so that its magnetic field
draws a switch 92a of the relay 92 into its closed position
when the battery pack 16 is mated with the housing 18,
thereby establishing electrical contact between the battery 17
and the contact 66. The charging station 106 for the battery
pack 16 can include a similar feature.
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[0144] De-mating the battery pack 16 from the housing 18
or the charging station 106 removes the relay 92 from the
magnetic field generated by the magnet 96, thereby permit-
ting the switch 92a to return to its open position. The return of
the switch 92a to its open position breaks electrical contact
between the battery 17 and the contact 66, thereby preventing
the battery 17 from discharging by way of the contact 66.
[0145] One or both of the battery pack 16 and the battery
panel 36 can be equipped with pieces of magnetically-perme-
able material (not shown) that focus, or concentrate the mag-
netic flux of the magnet 96 toward the relay 92.

[0146] The use of the magnet 96 and the relay 92 obviates
the need to provide penetrations in the enclosure 19 of the
battery pack 16, or the battery panel 36. This configuration
therefore does not introduce the potential for infiltration of
fluids into interior volume 37 of the probe 14, or into the
interior of the enclosure 19 of the battery pack 16.

[0147] Alternatively, the battery pack 16 can be equipped
with a switch 100, as shown in FIG. 9. The switch 100 is
electrically connected in series with one of the contacts 66 of
the battery pack 16 and the battery 17, so that the switch 100
can interrupt electrical contact between the contact 66 and the
battery 17. The switch 100 can be actuated by a movable
contact 102 thereof. The contact 102 is biased outwardly, i.e.,
in a direction away from the battery pack 16, toward its open
position, by a suitable means such as a spring (not shown).
The contact 102 can be covered by a flexible membrane 104.
The outer periphery of the membrane 104 is bonded to or
encased by the enclosure 19, to prevent fluids from entering
the interior of the enclosure 19 by way of the interface
between the membrane 104 and the enclosure 19.

[0148] The surface 72 of the battery panel 36, or a surface
onthe charging station 106 contacts the membrane 104 as the
battery pack 16 is mated with the battery panel 36 or the
charging station 106. The membrane 104 can flex inwardly,
1.e., toward the battery pack 16, so that the surface 72 urges
the contact 102 toward its closed position as the battery pack
16 and the battery panel 36 or charging station 106 are mated.
The switch 100, upon reaching its closed position, places the
battery 17 in electrical contact with the contact 66.

[0149] The switch 100 can be used without the membrane
104 in alternative embodiments. A suitable sealing means,
such as a TEFLON seal, should be provided between the
contact 102 and the enclosure 19 is such embodiments, to
prevent infiltration of fluids into the enclosure 19 of the bat-
tery pack 16.

[0150] In other alternative embodiments, the battery pack
16 caninclude an electrical circuit 94, and a switch in the form
of a hall effect sensor 93 connected in series with one of the
contacts 66 and the battery 17, as shown in FIGS. 8B and 8C.
The electrical circuit is configured to activate the switch when
the electrical circuit determines that the battery pack has been
mated to the probe 18 ora charging station 106. The hall effect
sensor 93 is used in a manner similar to the reed relay 92. In
particular, when the hall effect sensor 93 senses a magnetic
field in the proximity thereof, the electrical circuit 94 turns on
the MOSFET 95. Turning on the MOSFET 95 completes a
circuit from the battery to the contacts 66, allowing current to
flow into or out of the battery 17. It is necessary to permit
current to flow into or out of the battery 17 so that the battery
17 can be charged, and used as a power source.

[0151] The battery pack 16, upon reaching a charge state
unsuitable for continued use, can be replaced with a charged
battery pack 16. The change-out of the battery pack 16 can be
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performed quickly and easily by the user. One or more battery
packs 16 can be continually charged on a charging station,
such as the charging station 106 of the base unit 12 as depicted
in FIG. 1, so that a recharged battery pack 16 is available
when needed. The probe 14 therefore can be used on a sub-
stantially continuous basis. The continuous availability of the
probe 14 can eliminate the need to substantially interrupt or
delay a medical procedure to accommodate charging of the
probe 14.

[0152] Alternatively, it is possible to make the battery pack
16 a single-use battery pack, so that the charging station 106
is not needed. The useful life of a single use version of the
battery pack 16, however, would need to be relatively long,
e.g., several hours, to make the use of the single-use battery
pack 16 feasible.

[0153] In other embodiments, a stand-alone charging sta-
tion can be used in addition to, or in lieu of the charging
station 106 on the base unit 12. A stand-alone charging station
can be connected continuously to an electrical power outlet or
other source of electrical power, so that the charging station
maintains a supply of fully charged battery packs 16 that are
ready for use with the probe 14 or probes 14 that are being
used at a particular time.

[0154] Moreover, the ability to charge the battery pack 16
without the remainder of the probe 14 can eliminate the need
to place the charging infrastructure, e.g., inductive pickups,
electrical contacts, supervisory circuitry, and battery charger
circuits, in the probe 14. The use of a removable battery pack
such as the battery pack 16 can thus make the probe 14 lighter,
more compact, and less complex than a comparable probe
having a non-removable battery pack.

[0155] The firstorsecond circuit board assemblies 22, 24 of
the probe 14 can be configured to monitor the charge state of
the battery pack 16 in use on the probe 14. The charge-state
information can be transmitted to the base unit 12 and dis-
played on the monitor 126.

[0156] Displaying the charge-state information on the
monitor 126 can eliminate the need for the user to look away
from the monitor 126, and the ultrasound image thereon,
when checking the charge state of the battery 17. Moreover,
displaying the charge-state information on the base unit 12,
instead of on the probe 14, eliminates the need to utilize
power from the battery 17 to operate such a display.

[0157] Alternative embodiments of the probe 14 can
include an internal, non-removable battery in lieu of the bat-
tery pack 16. An example of probe 14a having an internal,
non-removable battery pack 138 is depicted in FIGS. 15A-
15D. Components of the probe 14a that are substantially
similar or identical to those of the probe 14 are denoted in the
figures by identical reference characters.

[0158] FIG. 15A depicts the probe 14a being inserted into
acharging stand 144. The acoustic window 38 is shown at the
top of the probe 14a for reference. The probe 14a is inserted
into the charging stand 144 in a direction denoted by the arrow
156. The charging stand 144, like the battery charging station
106, can be integrated into the base unit 12 or, alternatively,
can be constructed as a stand alone unit.

[0159] Alternative embodiments of the charging stand 144
can include multiple charging ports. Each charging port can
be independently active, so that the charging ports can main-
tain the charge of multiple probes 14 simultaneously.

[0160] The probe 14a can have exposed electrical charging
contacts 130 that are electrically connected to the battery
pack 138. The charging contacts 130 come to rest against
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mating contacts 145 in the charging stand 144 when the probe
14a is inserted into the charging stand 144. Battery charging
circuitry within the charging stand 144 can supply electric
current to the battery pack 138 to recharge the battery pack
138. The charging contacts 130 can be positioned on the
bottom of the probe 14q as in FIG. 15B.

[0161] Alternatively, the charging contacts 130 can be posi-
tioned on the sides of the probe 144, as in FIG. 15C. A contact
wiper 146 can be employed in this embodiment to remove
some or most of any contaminants that may be present on or
around battery charging contacts 130. The wiper 146 can be
made of EPDM rubber or other suitable material that is highly
flexible and resilient. The wiper 146 can completely encircle
a probe entry port 147 of the charging station 144, to wipe the
entire circumference of the body of the probe 14q. Alterna-
tively, the wiper 146 can be configured to wipe only limited
areas around the battery charging contacts 130 or elsewhere
on the body of the probe 14a. The wiper 146 may not com-
pletely remove any contaminating materials; however, the
wiper only needs to provide a conductivity break in any
contaminating materials so that there is no conductivity path
from one mated pair of charging contacts 130, 145 to the
other.

[0162] Since the batteries of the probe 14a are non-remov-
able, the entire probe 14a or a substantial portion of the probe
14a can be inserted into the charging stand 144. Charging
current is carried from the charging station 144, through the
mated pairs of contacts 145, 130, and to the non-removable
battery pack 138, where current recharges the battery pack
138.

[0163] The probe 14a can be equipped with switching fea-
tures, such as a reed relay 131 or a switch 133, that prevent
discharge of the battery pack 138 when the probe 14a is not
located in the charging station 144 and one or more conduc-
tive materials, such as ultrasound coupling gel, are in contact
with the exposed charging contacts 130. The reed relay 131
and the switch 133 are depicted in FIGS. 14A and 14B,
respectively.

[0164] The reed relay 131 or the switch 133 can be config-
ured to electrically connect the battery pack 138 to one of the
charging contacts 130 in the manner discussed above in rela-
tion to the respective reed relay 92 and switch 100 described
above in relation to the battery pack 16 of the probe 14. For
embodiments equipped with the reed relay 92, the charging
stand 144 can be equipped with a magnet (not shown) that is
oriented so that the magnet closes the reed relay 92 when the
probe 14a is fully inserted into the charging stand 144.

[0165] Inotheralternative embodiments, the probe 144 can
include an electrical circuit, and a switch connected in series
with one of the charging contacts 130 and the battery pack
138. The electrical circuit is configured to activate the switch
when the electrical circuit determines that the battery pack
138 has been mated to the charging stand 144. The electrical
circuit and the switch can be substantially similar or identical
1o the electrical circuit 94 and the hall effect sensor 93 dis-
cussed above.

[0166] Current needs to flow in only one direction through
the charging contacts 130 of the non-removable battery pack
138, i.e., current needs to flow into, but not out of the probe
14a by way of the charging contacts 130. The probe 144 can
therefore be equipped with features, such as a Schottky diode
132, located in series with one of the charging contacts, to
prevent reverse flow of current through the charging contacts.
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A suitable Schottky diode can be obtained, for example, from
Diodes, Inc., of Westlake Village, Calif., as the model B340
diode.

[0167] Alternatively, a MOSFET 136 or another type of
semiconductor switching device can be used to interrupt elec-
trical contact between one or more of the charging contacts
and the battery when the battery is not being charged. In both
of these diagrams, a capacitor 137 and a diode 139 act as an
input protection circuit, preventing reverse voltages and fast
rise time voltages on the charging contacts 130. This will
render the internal circuitry less vulnerable to ESD and other
adverse input voltages and currents.

[0168] As shown in FIGS. 14C and 14D, the input resistor
134 holds the input potential across the charging contacts 130
to zero whenever the probe 14a is not connected to a charging
station. Thus, any conductivity across the charging contacts
130 due to the presence of a conductive material bridging the
charging contacts 130 would not present a problem, because
no current would flow through the conductive material. Once
the probe 14a is connected to the charging station 144, as long
as this shunt current path does not carry an excessive amount
of current, any current flowing through the shunt current path
should not present a problem for the charging circuitry within
station 144, and can be considered negligible.

[0169] Alternatively, the charging circuitry in the charging
station 144 can be configured to test for a shunt current before
the commencement of the charging cycle. The charging cir-
cuitry can perform this test by providing a small potential
across the mated pairs of charging contacts 130, 145, and
sensing the resulting current flow. Both of the circuits
depicted in FIGS. 14C and 14D provide a 10K ohm shunt
resistance if the charging voltage is less than the voltage
across the terminals of the battery pack 138. If the shunt
current through any contaminant path between the mated
pairs of charging contacts 130, 145 is excessive, the charging
stand 144 can be configured to display a fault light or message
that alerts the userto clean the probe 144 or the charging stand
144 of any conductive materials. Once the shunt path is so
reduced so that the current therethrough is negligible, the
charging circuitry would commence the charging cycle.
[0170] During initial charging of the battery pack 138, the
power dissipation in the diode 132 could be on the order of 0.4
W. Some amount of heat sinking therefore is required to avoid
overheating the diode 132. Moreover, in embodiments of the
battery pack 18 that comprise a lithium-ion battery, the final-
state charging voltage is critical, and needs to be set within a
few tens of millivolts to accurately finish the charge cycle and
assure a full charge. Because the voltage drop across the diode
132 is not known a-priori to this level of accuracy, the actual
voltage across the terminals of the of battery pack 138 needs
to be determined in a manner that does not rely on the mea-
sured voltage drop across the diode 132.

[0171] The circuit depicted in FIG. 14D addresses the
above needs through the use of a MOSFET 136 such as use of
a low-threshold type MOSFET available from Fairchild
Semiconductor of South Portland, Me. as the model
FDN337N MOSFET. This MOSFET has a guaranteed “on”
resistance of Rds(on)<0.08 Ohm at a gate voltage of 2.5V.
Thus, at typical charging currents of C/2to C (0.5 Ato 1 A for
a1 Ahbattery such as battery pack 138), the power dissipation
in the MOSFET 136 will be negligible, i.e., <80 mW.
[0172] Moreover, the circuit of FIG. 14D provides a rela-
tively low voltage drop across the pass element, MOSFET
136, so that the final-stage charging voltage can be set accu-
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rately. As the final charge voltage is reached, the charging
current in the MOSFET 136 drops, and the voltage across the
terminals of battery pack 138, subsequently referred to as
V yasters> 18 known to a relatively high accuracy due to the
diminishing I*R drop acrossthe MOSFET 136. At low charg-
ing currents, such as those near the end of a charging cycle,
the product of the MOSFET 136 Rds(on) and the charge
current through contacts 130 is less than 1% of the voltage
across the charging contacts 130, subsequently referred to as
V charger- Lhe voltage across the terminals of the battery pack
138 can be computed with a relatively high degree of accu-
racy as \/batteryzo'gg*vcharger'

[0173] The self-discharge of typical Li-ion batteries is 5%
per month. For a 1 Ah battery pack such as 138, this represents
an equivalent self-discharge current of about 70 uA. The
op-amp 143 in FIG. 14D consumes only 1.5 uA of power
supply current, and thus represents a negligible additional
power drain on the battery pack 138. Therefore, there is no
need to shut the op-amp 143 off. The op-amp 143 senses the
voltage across the MOSFET 136, and drives its gate to try to
force the voltage drop across it to 1% of the battery terminal
voltage. Athigh charge currents, this will not be possible, due
to the Rds(on) of MOSFET 136, so the output of the op-amp
143 will saturate against its positive rail, and the MOSFET
136 will be driven so as to provide as low a drop as possible.
When the charging current drops sufficiently, the op-amp 143
will move into its linear operating range and it will regulate
the gate drive to the MOSFET 136 to provide a voltage drop
through MOSFET 136 of 1% of the battery terminal voltage.

[0174] A fuel cell can be used in lieu of a rechargeable
battery in other alternative embodiments. The fuel cell can
use a suitable fuel such as hydrogen or methanol. The fuel cell
can be configured to be removable by the user, so that a
depleted fuel cell can quickly be replaced with another fuel
cell that has been filled with fuel. Alternatively, the fuel cell
can be configured to be re-filled quickly, thereby obviating
the need for the fuel cell to be removable.

[0175] The probe 14 can undergo leak testing before being
provided to the user, to verify that the probe 14 is properly
sealed. Leak testing can be conducted by introducing air or
some other gas into the interior volume 37 of the housing 18,
by way of a small through hole formed in the housing 18. The
pressure of the gas within the probe can be monitored for a
predetermined time period. A stable, i.e., substantially con-
stant, pressure reading can be considered an indication that
the probe 14 is properly sealed. Conversely, a decrease in
pressure over time can be considered an indication that a leak
1s present at one or more locations in the probe 14.

[0176] Alternatively, the interior volume 37 of the probe 14
can be pressurized, and leaks can be detected by directly
observing escaping gas. For example, the probe 14 can be
immersed ina liquid so that bubbles from at the site of leakage
can be observed. Alternatively, the exterior of the probe 14
can be coated with a simple soap solution so that bubbles from
the site of the leakage can be observed.

[0177] Alternatively, a tracer gas can be introduced into the
probe 14 through the opening formed in the housing 18. The
tracer gas can be detected upon escaping from the probe 14
due to the presence of a leak, thereby providing an indication
of the location of the leak. The use of the relatively expensive
tracer gas may not be cost effective, however, in applications
where the corrective action to be taken includes disassem-
bling and resealing the entire housing 18 to eliminate the leak.
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[0178] Alternatively, a vacuum can be applied to interior
volume 37 of the housing 18 by way of the opening formed in
the housing 18. The vacuum can be monitored, and a decrease
in the vacuum level, i.e., the inability to maintain a vacuum in
the interior volume 37, can be interpreted as an indication that
a leak is present at one or more locations in the probe 14.
[0179] The hole through which the gas or vacuum is intro-
duced can be closed and sealed once the probe 14 has been
found to be free of leaks. The hole can be closed and sealed
using, for example, adhesive, a plug that may or may not be
permanently cemented into the hole, or other suitable means.
[0180] The interior volume 37 of the probe 14 can be filled
with aninert gas before thehole is closed and sealed, to inhibit
or prevent surface oxidation of metallic components, such as
the contacts of electrical connectors, located within the hous-
ing 18.

[0181] A second hole can be formed in the housing 18, to
permit the air displaced by the inert gas to escape from the
interior volume 37 as the inert gas is introduced. The holes
can be formed in an inconspicuous location on the housing.
For example, the holes can be formed through the surface 72
of the battery panel 36, which is normally covered when the
battery pack 16 is mated with the remainder of the housing 18.
[0182] Other methods for checking the watertight integrity
of the probe can be used. For example, if the probe is a wired,
rather than a wireless probe, the nosepiece 34 and some or all
of the backshell 42 can be immersed in an electrically-con-
ductive liquid, and a DC or AC voltage applied between the
conductors of the probe’s cable and the liquid. The absence of
DC current flow, or the absence of AC current flow beyond the
amount expected due to the capacitance between the internal
circuitry of the probe 14 and the liquid, can be interpreted as
a indication that the watertight integrity of the probe is satis-
factory.

[0183] Ifthe probe is a wireless probe, other means must be
employed to carry out an equivalent test. For a wireless probe
with a removable battery pack, such as the probe 14, an
adapter can be provided. The adapter attaches to the probe 14
at the site where the battery pack 16 normally attaches. The
adapter facilitates attachment of the DC or AC potential used
for a current leakage test to be attached to the internal cir-
cuitry of the probe 14, to allow the probe 14 to be tested in the
same manner as a wired probe.

[0184] If the probe has an internal, non-removable battery
such as the probe 14a, an adapter can provided. The adapter
can attach to the probe 144, and contacts the battery charging
contacts 130 to provide a connection to the circuitry inside the
probe 14a. A current leakage test can then be carried out in the
manner described above for a wired probe.

[0185] Alternatively, a hole can be provided in housing 18
as described above. One or more conductors could be passed
through the hole. The conductors can be connected to the
internal circuitry of the probe 14, 14a. A current leakage test
can then be carried out in the manner described above for a
wired probe. Once the current leakage test has been success-
fully completed, the hole can be closed and sealed to isolate
theinterior volume 37 from the environment around the probe
14, 14a.

[0186] As shown in FIG. 3, a large portion of the internal
volume 37 of the probe 14 can be filled with air or other gas.
Thus, when testing the watertight integrity of the probe 14
using an immersion test, a substantial amount of liquid may
enter the interior volume 37 of the probe 14 before a conduc-
tivity path is established between the liquid around the probe
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14 and the internal circuitry of the probe 14. Thus, for the test
1o be effective at identifying leaks, the probe 14 may need to
immersed in the liquid for a relatively long period. Also,
having a conductive liquid in and around the internal circuitry
of the probe 14 can potentially damage the circuitry and
render the probe 14 unserviceable.

[0187] Thus, when conducting an immersion test, it is
desirable to quickly detect leaks before a substantial amount
of liquid incursion in the interior volume 37 can occur. A
relatively quick leak check can be facilitated by providing a
conductive path from one of the conductors of the circuit
boards, preferably “ground” or the reference potential of the
circuit boards, to the inner walls of the nosepiece 34, the
upper and lower clamshells 30, 32, and/or the battery panel
36, and especially in areas around and along the joints ther-
ebetween. Liquid leaking into the interior volume 37 will
quickly come into contact with these conductors and provide
a current conduction path indicative of a leak, before there is
substantial liquid incursion.

[0188] A conductive path can be provided by different
means. For example, a conductive coating 168 can be applied
to the inner surfaces of the nosepiece 34, the upper and lower
clamshells 30, 32, and/or the battery panel 36 by painting,
spraying, or sputtering. For example, a suitable coating is
SPI#5001-AB Silver Paint, available from SPI Supplies of
West Chester, Pa. This material is a silver-loaded paint that,
upon the evaporation of the solvent carrier, leaves a highly
conductive film of silver metal on the coated surface. A por-
tion of the coating 168 is depicted in phantom in FIG. 3.

[0189] A conductor can be provided between the conduc-
tive coating and a reference node or nodes of the first and/or
second circuit board assemblies 22, 24. The conductor can be
one or more wires from the circuit boards 22, 24 to one or
more of the nosepiece 34, upper and lower clamshells 30, 32,
and battery panel 36. The wires can be attached to the circuit
boards 110 of the first and/or second circuit board assemblies
22, 24 with conductive epoxy, such as SPI#05067-AB con-
ductive epoxy, available from SPI Supplies of West Chester,
Pa. The wires can be attached to the circuit boards 110 in the
manner described above in relation to the lead 54.

[0190] An electrically-conductive shield 170 connected to
one or more reference nodes on the first and/or second circuit
board assemblies 22, 24 can be used as the conductive path in
alternative embodiments. The shield 170 be attached to the
first and/or second circuit boards 22, 24 before the first and/or
second circuit boards 22, 24 are mounted within the housing
18, thus making it relatively easy to install the shield. A
portion of the shield 170 is depicted in phantom in FIG. 3.

[0191] The shield 170 also provide EMI control for the
circuitry on the first and/or second circuit board assemblies
22, 24. For example, the shield 170 lessen the sensitivity of
the TGC receiver 114 to impinging electromagnetic fields
that can potentially corrupt the low-amplitude echo signals.
The shield 170 also limit radiated electromagnetic fields from
the circuitry on the first and/or second circuit board assem-
blies 22, 24 to the surrounding environment, or to other cir-
cuitry within the probe 14 itself.

[0192] In providing a wired interface, or cable assembly,
between a probe and its base unit, it can be beneficial to
minimize the number of conductors in the cable assembly.
This can reduce the cost and size of the cable assembly, and
can improve the ergonomics of the probe. If the cost of the
cable assembly can be made relatively low, it can be feasible

Aug. 14,2008

to make the cable assembly a sterilized, disposable, single-
use item, such as the cable assembly 149 depicted in FIG.
16A.

[0193] A new, sterile cable assembly 149 can be used each
time the user begins a sterile procedure with the ultrasound
transducer 14b. The sheathing procedure for the probe 145 is
relatively simple, because the sheath needs to cover only the
probe 145, and not the cable assembly 149.

[0194] The cable assembly 149 can be used in conjunction
with a probe 146 depicted in FIG. 16A. The cable assembly
149 comprises a cable 147, and a first connector 148 electri-
cally and mechanically connected to a first end of the cable
147. The first connector 148 can mate with the probe 145, at
an end of the probe 145 opposite the acoustic window. The
cable assembly 149 also includes a second connector 151
electrically and mechanically connected to a second end of
the cable 147. The second connector 151 can mate with a base
unit such as the base unit 12. The first connector 148 and the
second connector 151 can be identical, so that the cable
assembly 149 is omni-directional, i.e., so that either end of the
cable assembly 149 can be connected to the probe 14 and the
base unit 12.

[0195] The cable assembly 149 is detachable or removable
at both ends thereof, i.e., the first connector 148 can be dis-
connected from the probe 145, and the second connector 151
can be disconnected from the base unit 12 without damaging
or otherwise rendering non-reusable the probe 145, the base
unit 12, and/or the first or second connectors 148, 151. The
probe 144, the base unit 12, and the first and second connec-
tors 148, 151 can be equipped with suitable mating features
that secure the first and second connectors 148, 151 to the
respective probe 145 and base unit 12 while facilitating
removal of the first and second connectors 148, 151 as noted.

[0196] The first connector 148 includes two electrical con-
tacts 157, and a housing 167. Each contact 157 contacts an
associated electrical contact 156 on the probe 145 when the
first connector 148 is mated with the probe 145, to establish
electrical contact between the probe 145 and the base unit 12.
The contacts 156, 157 are shown in FIGS. 16A and 168,
respectively.

[0197] An electrically-insulative barrier, such as the ring-
shaped, compressible gasket 70 described above in relation to
the probe 14, can be mounted on the housing 167 at a mating
face 161 of the first connector 148, as shown in FIG. 16 A. The
gasket 70 can be mounted on a mating face 160 of the probe
145 in the alternative. The second connector 151 can also be
equipped with one of the gaskets 70 to permit the cable
assembly 149 to be used in an omni-directional manner, i.e.,
to permit the second connector 151 to be mated with the probe
14.

[0198] The gasket 70 encircles one of the contacts 157, and
is pressed against the mating face 160 of the probe 145 when
the probe 14b and the first connector 148 are mated. The
gasket 70 can displace ultrasound coupling gel or other con-
taminants from the mating face 160, thereby providing elec-
trical isolation between the mated pairs of contacts 156, 157
in the manner described above in relation to the contacts 56,
66 of the probe 14.

[0199] Themating face 160 and the contacts 56 of the probe
14 can be replicated on a panel of the base unit 12, so that the
first connector 148 of the cable assembly 149 can also be
mated with the base unit 12 in the same manner as the first
connector 148 is mated with the probe 14.
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[0200] The probe 145 can include two or more of the arms
82 described above in connection with the probe 14, as shown
in FI1G. 16D. The first connector 148 can be equipped with an
equal number of the projections 80 also described above in
connection with the battery panel 36. The arms 82 and the
projections 80 act collectively to pull and hold together the
probe 145 and the first connector 148, in the manner
described above in relation to the battery pack 16 and the
battery panel 36 of the probe 144. The use of the arms 82 and
the projections 80 to fasten the first connector 148 to the probe
145 is described for exemplary purposes only. Other fasten-
ing means, such as latches or to fasteners, can be used in the
alternative.

[0201] The first and second connectors 148, 151 can be
configured with more than two of the contacts 157 each, and
the probe 145 can be configured with more than two of the
contacts 156. As described above in relation to the probe 14,
additional compliant gaskets 70 can be provided to facilitate
1solation of the additional pairs of contacts 156, 157, as shown
in FIG. 16C. The multiple compliant gaskets 70 can be con-
centric, so that the same rotational engagement motion causes
all of the gaskets 70 to simultaneously displace ultrasound
coupling gel or other contaminants from the mating face 160
of the probe 145.

[0202] Minimizing the number of conductors in the cable
147 can help minimize the number of contacts 156, 157
required to establish electrical contact between the probe 144
and the base unit 12, and can reduce the cost, size, and weight
of the cable 147. It is possible to use a single pair of conduc-
tors plus ground (three wires) to implement the three func-
tional requirements of the wired interface: carrying power
from the base unit 12 to the probe 14b; carrying control
information from the base unit 12 to the probe 14b4; and
carrying control, status and image information from the probe
14b to the base unit 12.

[0203] The base unit 12 and the probe 144 can be config-
ured to communicate with each other alternately, i.e., on a
non-simultaneous basis. Two-way communications between
the base unit 12 and the probe 145 can be accommodated over
a single communication path, i.e., over one wire pair, using
this configuration, due to the absence of two-way data com-
munication.

[0204] Alternatively, simultaneous two-way communica-
tions over a single conductor can be facilitated using tech-
niques such as time, frequency, or other types of multiplexing,
directional couplers that isolate the transmitted date from the
received data, etc.

[0205] The base unit 12 sends configuration information to
the probe 145, to place the probe 14 into the proper mode of
operation. The probe 145 sends image data and some status
and control information back to the base unit 12. It is possible
to provide a break in the signal flow between the probe 144
and the base unit 12 to permit the base unit 12 to alternately
send control information, such as information that causes the
mode of operation of the probe 144 to change in response to
auser input, to the probe 144. This time multiplexing can take
advantage of the nature of the operational characteristics the
probe 14, in which acoustic transmit events are followed by
echo data collection. The data sets resulting from a single
acoustic transmit event are the natural data segmentation in
the probe-to-base unit communications that can provide this
time segmentation.

[0206] In the case of a synthetic-focus data gathering
scheme, the acoustic transmit is from a single transducer
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element, or a group of elements fired simultaneously to create
a diverging wavefront. In the case of a conventional beam-
based system, the acoustic transmit event is a simultaneous
firing of a group of elements to create a steered and/or focused
transmit beam. In both of these cases, the acoustic transmit
event is followed by echo signal data collection from multiple
transducer elements. The resulting echo data set may or may
not be beamformed, and then sent to the base unit 12 for
further processing and display.

[0207] Inthe case of an analog receive beamformer system,
the acoustic transmit event is a steered and/or focused trans-
mit beam, and the resulting received echo is analog-beam-
formed. The beamformed analog signal is sent over the cable
assembly 149 to the base unit 12 to be digitized, processed,
and displayed. In all cases, after the receive echo information
is sent to the base unit 12, the communications link is avail-
able to send data from the base unit 12 to the probe 145. Once
this data is sent, the probe 145 again takes control of the link
to send another echo signal or data set.

[0208] In addition to providing two-way communication
between base unit 12 and the probe 14, it is also necessary to
provide power to the probe 14. It is also desirable to provide
adifferential communications signal between the base unit 12
and the probe 14 to provide immunity to radio-frequency
interference and relatively low radiated emissions. Both of
these features can be provided by using center-tapped trans-
formers on both ends of the cable to feed in the power as a
common-mode signal on a differential data path, as shown in
FIG. 17. A power supply 165 in the base unit 12 can provide
power through the center tap of the data line transformer 164.
The return power supply current returns through a separate
ground wire 166. Alternatively, power and data communica-
tions can be provided through a two-wire interface. The com-
ponents needed to isolate the power and data signals from
each other, however, would be more bulky than the small
signal transformers 164.

[0209] Because the data paths depicted in FIG. 17 are AC
coupled, it is necessary to ensure that the data signaling
scheme used for these data communications are DC balanced,
i.e., that the data streams have little or no DC content. This can
be achieved by using Manchester encoding of the data
streams, or other data encoding such as 8B/10B as specified in
the IEEE802.3z specification for Gigabit Ethernet. Other
coding can be used in the alternative.

[0210] The foregoing description is provided for the pur-
pose of explanation and is not to be construed as limiting.
While the embodiments have been described with reference
to specific embodiments or methods, it is understood that the
words which have been used herein are words of description
and illustration, rather than words of limitation. Furthermore,
although particular embodiments and methods have been
described herein, the appended claims are not intended to be
limited to the particulars disclosed herein. Those skilled in the
relevant art, having the benefit of the teachings of this speci-
fication, may effect numerous modifications to the embodi-
ments and methods as described herein, and changes may be
made without departing from the scope of the appended
claims.

PARTS LIST

[0211] system 10
base unit 12

probe 14

probe 14a
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probe 145

battery pack 16

battery 17

housing 18

enclosure 19 of battery pack 16
transducer array 20

first circuit board assembly 22
second circuit board assembly 24
electrical connector 25

printed wire board 26

electrical connectors 27

rigid standoff 29

upper clamshell 30

lower clamshell 32

nosepiece 34

battery panel 36

interior volume 37

acoustic window 38

teeth 39 (of nosepiece 34 and upper and lower clamshells 30,
32)

nosepiece subassembly 40

epoxy backfill 41

backshell 42

joints 44 (of upper and lower clamshells 30, 32)
bracket 48

rigid standoffs 50

lower clamshell 52

compliant standoffs 52

leads 54

contacts 56

bumpers 60

cladding 62

contacts 66

gasket 70

surface 72

projections 80

arms 82 of battery pack 16

end portions 84 of arms 82
inclined surfaces of projections 80
rounded portions 86 projections 80
indentations 88 of end portions 84
relay 92

switch 92a

hall effect sensor 93

battery isolation circuit 94

MOSFET 95

[0212] magnet 96

switch 100

contact 102

membrane 104

transmit receive switch 105

charging station 106 (of base unit 12)
transmit pulser 107

receive amplifier 108

transmit controller 109

circuit boards 110 (of circuit board assemblies 22, 24)
time varying gain control circuit 114
receive data processor 116

analog to digital converter 118
on/off switch 119

transceiver 122

transceiver 123

image processor 124
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monitor 126

battery charging contacts 130
reed relay 131

diode 132

switch 133

ohm resistor 134

MOSFET 136

[0213] capacitor 137

battery pack 138

diode 139

ohm resistor 140

resistor 141

capacitor 142

op-amp 143

probe charging stand 144

probe charging stand electrical contacts 145
contact wiper 146

cable 147 of cable assembly 149
first connector 148

cable assembly 149

second connector 151

electrical contacts 156

electrical contacts 157

probe connector mating face 160
cable connector mating face 161
transformer 164

base unit power supply 165
ground wire 166 of cable 147
housing 167 (of connectors 48, 151)
coating 168

shield 170

What is claimed is:

1. An ultrasound imaging system, comprising:

a probe comprising: (i) a housing; (ii) a transducer array
positioned within the housing, wherein the transducer
array emits acoustical energy and receives return reflec-
tions of the acoustical energy; and (iii) a transmitter
mounted on the circuit substrate and communicatively
coupled to the transducer array, wherein the transmitter
stimulates the transducer array to emit acoustical
energy; and

a cable assembly comprising a first electrical connector
capable of being removably connected to the probe.

2. The system of claim 1, wherein the cable assembly
further comprises a cable comprising at least two electrical
conductors, and a second electrical connector, wherein the
first electrical connector is mechanically connected to a first
end of the cable and the second electrical connector is
mechanically connected to a second end of the cable.

3. The system of claim 2, further comprising a base unit,
wherein the base unit receives and processes output signals
from the probe, and the second electrical connector is capable
of being removably connected to the base unit.

4. The system of claim 3, wherein the first and second
electrical connectors are substantially identical.

5. The system of claim 1, wherein the probe further com-
prises a first and a second electrical contact, and the connector
comprises a third and a fourth electrical contact that mate with
the respective first and second electrical contacts when the
probe and the cable are mated.

6. The system of claim 5, further comprising an electri-
cally-insulative barrier mounted the probe or the connector so
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that the barrier encircles the first and third electrical contacts
or the second and fourth electrical contacts when the probe
and the cable are mated.

7. The system of claim 6, wherein the connector is drawn
into a first position in relation to the probe as the connector
and the probe are partially mated; the connector and the probe
exert a compressive force on the barrier when the connector is
in the first position; and the connector backs away from the
probe as the connector moves from the first position to a fully
mated position in relation to the probe so that the compressive
force decreases as the connector moves from the first position
to the fully mated position.

8. The system of claim 7, further comprising an extension
mounted on one of the probe and the connector, and a projec-
tion mounted on the other of the probe and the connector,
wherein engagement of the extension and the projection
draws the connector into the first position and holds the con-
nector in the fully mated position.

9. The system of claim 8, wherein one of the extension and
the projection has a rounded portion that becomes disposed in
an indentation formed in the other of the extension and the
projection when the battery pack reaches the fully mated
position.

10. The system of claim 7, wherein the extension is an
elongated arm.

11. The system of claim 6, wherein the barrier is a gasket.

12. The system of claim 6, wherein the probe further com-
prises a fifth and a sixth electrical contact, and the connector
comprises a seventh and an eighth electrical contact that mate
with the respective fifth and sixth electrical contacts when the
probe and the cable are mated.

13. The system of claim 12, further comprising a second
and a third electrically-insulative barrier mounted on a sur-
face of the probe or the connector so that the second and third
electrically-insulative barriers encircle the respective fifth
and sixth electrical contacts or the respective fourth and sixth
electrical contacts.

14. The system of claim 1, further comprising an acoustic
transmit timing device communicatively coupled to the trans-
mitter, wherein the acoustic transmit timing device controls
the timing of pulses of the acoustical energy.

15. The system of claim 14, further comprising a time-
varying gain circuit communicatively coupled to the trans-
ducer array for compensating for attenuation of acoustical
energy received by the transducer array, and an analog to
digital converter communicatively coupled to the time-vary-
ing gain circuit.

16. The system of claim 14, further comprising a receive
amplifier communicatively coupled to the transducer array,
wherein the receive amplifier amplifies the output of the
transducer array.

17. An ultrasound imaging system, comprising:

aprobe comprisinga housing; a first and a second electrical
contact; and a transducer array positioned within the
housing, wherein the transducer array emits acoustical
energy and receives return reflections of the acoustical
energy;

a cable assembly comprising a first electrical connector
capable of being removably connected to the probe,
wherein the first electrical connector comprises a third
and a fourth electrical contact that mate with the respec-
tive first and second electrical contacts when the probe
and the cable are mated; and
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an electrically-insulative barrier mounted the probe or the
connector so that the barrier encircles the first and third
electrical contacts or the second and fourth electrical
contacts when the probe and the cable are mated.

18. The system of claim 17, wherein the cable assembly
further comprises a cable comprising at least two electrical
conductors, and a second electrical connector, wherein the
first electrical connector is mechanically connected to a first
end of the cable and the second electrical connector is
mechanically connected to a second end of the cable.

19. The system of claim 18, further comprising a base unit,
wherein the base unit receives and processes output signals
from the probe, and the second electrical connector is capable
of being removably connected to the base unit.

20. The system of claim 19, wherein the first and second
electrical connectors are substantially identical.

21.The system of claim 17, wherein the connectoris drawn
into a first position in relation to the probe as the connector
and the probe are partially mated; the connector and the probe
exert a compressive force on the barrier when the connector is
in the first position; and the connector backs away from the
probe as the connector moves from the first position to a fully
mated position in relation to the probe so that the compressive
force decreases as the connector moves from the first position
to the fully mated position.

22. The system of claim 21, further comprising an exten-
sion mounted on one of the probe and the connector, and a
projection mounted on the other of the probe and the connec-
tor, wherein engagement of the extension and the projection
draws the connector into the first position and holds the con-
nector in the fully mated position.

23. The system of claim 22, wherein one of the extension
and the projection has a rounded portion that becomes dis-
posed in an indentation formed in the other of the extension
and the projection when the battery pack reaches the fully
mated position.

24. The system of claim 22, wherein the extension is an
elongated arm.

25. The system of claim 17, wherein the barrier is a gasket.

26. The system of claim 17, wherein the probe further
comprises a fifth and a sixth electrical contact, and the con-
nector comprises a seventh and an eighth electrical contact
that mate with the respective fifth and sixth electrical contacts
when the probe and the cable are mated.

27. The system of claim 26, further comprising a second
and a third electrically-insulative barrier mounted on a sur-
face of the probe or the connector so that the second and third
barriers encircle the respective third and fifth electrical con-
tacts or the respective fourth and sixth electrical contacts.

28. The system of claim 17, wherein the probe further
comprises a circuit substrate, and a transmitter mounted on
the circuit substrate and communicatively coupled to the
transducer array, wherein the transmitter stimulates the trans-
ducer array to emit acoustical energy.

29. The system of claim 28, further comprising an acoustic
transmit timing device communicatively coupled to the trans-
mitter, wherein the acoustic transmit timing device controls
the timing of pulses of the acoustical energy.

30. The system of claim 29, further comprising a time-
varying gain circuit communicatively coupled to the trans-
ducer array for compensating for attenuation of acoustical
energy received by the transducer array, and an analog to
digital converter communicatively coupled to the time-vary-
ing gain circuit.
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31. The system of claim 29, further comprising a receive
amplifier communicatively coupled to the transducer array,
wherein the receive amplifier amplifies the output of the
transducer array.

32. A method for performing an ultrasound procedure,
comprising:

providing a probe comprising a housing and a transducer

array positioned within the housing, wherein the trans-
ducer array emits acoustical energy and receives return
reflections of the acoustical energy;

providing a base unit that receives and processes output

signals from the probe;

providing a sterile cable assembly;

removably connecting a first end of the cable assembly to

the probe; and

removably connecting a second end of the cable assembly

to the base unit.

33. The method of claim 32, wherein removably connect-
ing a first end of the cable assembly to the probe comprises
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creating an electrically-insulative barrier that encircles an
electrical contact on one of the probe and the connector.

34. The method of claim 33, wherein removably connect-
ing a first end of the cable assembly to the probe further
comprises drawing the connector into a first position in rela-
tion to the probe as the connector and the probe are partially
mated to cause the connector and the probe to exert a first
compressive force on the barrier; and causing the connector to
move from the first position to a fully mated position in which
a compressive force exerted on the barrier is less the first
compressive force.

35. The method of claim 32, wherein the first and second
ends of the cable are interchangeable.

36. The method of claim 33, wherein the first end of the
cable functions properly in the presence of electrically con-
ductive fluids when mated with the probe.

37. The method of claim 32, wherein the sterile cable
assembly is intended for a single use.
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