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Description
TECHNICAL FIELD

[0001] The embodiments relate to ultrasound imaging
systems. More particularly, the embodiments relate to
probes that generate acoustical energy, and receive,
process, and transmit information relating to return re-
flections of the acoustical energy.

BACKGROUND

[0002] 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 transduc-
er arrays that emit acoustic vibrations at ultrasonic fre-
quencies, e.g., approximately 1 MHz to approximately
20MHz or higher.

[0003] 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 outputrepresentative ofthe return
reflections.

[0004] 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 gener-
ate 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.
[0005] US 5964 709 discloses an ultrasound imaging
system with a probe and a cable assembly. The cable
assembly is capable of being removably connected to
the probe. The probe comprises first and second electri-
cal contacts for contacting respective third and fourth
contacts of a coax connector of the cable assembly.
There is an electrically-insulative barrier mounted on the
connector so that the barrier encircles the first and third
electrical contacts or the second and fourth electrical con-
tacts when the probe and the connector are mated. The
system of US 5 964 709 forms the closest prior art for
the invention.

SUMMARY

[0006] An ultrasound imaging system comprising a
probe and a cable assembly that can be removably con-
nected to the probe according to the invention is defined
in claim 1.

[0007] A method for performing an ultrasound proce-
dure according to the invention is defined in claim 14.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Theforegoing summary,aswell as the following
detailed description of embodiments, are better under-
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stood when read in conjunction with the appended dia-
grammatic drawings. For the purpose of illustrating the
embodiments, the drawings diagrammatically depict
specific embodiments. The appended claims are not lim-
ited, however, to the specific embodiments disclosed in
the drawings. In the drawings:

Figure 1 is a perspective view of an embodiment of
an ultrasound imaging system;

Figure 2 is a top perspective view of an embodiment
of a probe of the ultrasound imaging system shown
in Figure 1;

Figure 3 is a side view of the probe depicted in Fig-
ures 1 and 2, with a side of a housing 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;

Figure 4 is an exploded view of the housing of the
probe shown in Figures 1-3, without the internal com-
ponents of the probe;

Figure 5 is a combined, magnified view of the areas
designated "A" and "B" in Figure 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;

Figure 6 is a combined, magnified view of the areas
designated "C" and "D" in Figure 4, depicting the
upper and lower clamshells of the housing in cross-
section, as the upperand lower clamshells are mated
with each other;

Figure 7 is a block diagram depicting electrical and
electronic components of the probe and base unit
shown in Figures 1-6;

Figure 8Ais a combined, magnified view of the areas
designated "E" and "F" in Figure 3;

Figure 8B is a view taken from the perspective of
Figure 8A, depicting an alternative embodiment of
the probe shown in Figures 1-8A;

Figure 8C is a schematic illustration of a battery iso-
lation circuit of the probe shown in Figure 8B;
Figure 9 is a view taken from the perspective of Fig-
ure 8A, depicting another alternative embodiment of
the probe shown in Figures 1-8A;

Figure 10 is a magnified view of the area designated
"E" in Figure 3, viewed from a perspective rotated
approximately ninety degrees from the perspective
of Figure 3;

Figure 11 is a magnified view of the area designated
"F" in Figure 3, viewed from a perspective rotated
approximately ninety degrees from the perspective
of Figure 3;

Figure 12 is a combined, magnified view of the areas
designated "E" and "F" in Figure 3, viewed from a
perspective above the probe;

Figures 13A-13D are side views depicting mating
features on the housing and the battery of the probe
shown in Figures 1-8A and 10-12, as the battery is
mated with the housing;
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Figures 14A-14D depict four different electrical cir-
cuits for use with the probe shown in Figures 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 inthe charging stand depicted in Figures 15A
and 15B;

Figure 15A is a perspective view of a probe having
a non-removable battery, and a charging stand for
use with the probe;

Figures 15B and 15C are side views of the probe
and charging stand shown in Figure 15A, depicting
a cross section of the charging stand taken along
the line "H-H" of Figure 15A, depicting charging con-
tacts of the probe in different locations on the probe,
and depicting the probe partially inserted in the
charging stand;

Figure 15D is a magnified view of the area designat-
ed "G" in Figure 15C;

Figure 16A is a perspective view of a probe, and a
cable assembly that can be removably connected to
the probe;

Figure 16B is a perspective view of the probe shown
in Figure 16A;

Figure 16C is a front view of an electrical connector
of the cable assembly shown in Figure 16A;

Figure 16D is a perspective view of the probe and a
cable assembly

shown in Figures 16A-16C, equipped with arms and
projections that secure the probe and cable assem-
bly together;

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

DETAILED DESCRIPTION OF ILLUSTRATIVE EM-
BODIMENTS

[0009] Figures 1-8 and 10-12 depict an embodiment
of an ultrasound imaging system 10. The system 10 in-
cludes a base unit 12 and a probe 14, as shown in Figure
1. The probe 14 can be a wireless probe, i.e., the probe
14 can communicate with the base unit 12 by wireless
means such as, but notlimited to ultra-wideband, spread-
spectrum RF signaling.

[0010] The probe 14 comprises a housing 18 and a
transducer array 20 mountedin the housing 18, as shown
in Figures 2-4. The probe 14 can also include an exter-
nally-mounted battery pack 16. The battery pack 16 com-
prises a rechargeable 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 the remainder of
the probe 14. The battery 17 can be a Lithium-ion type,
such as anassembly of three type LPP402934 cells avail-
able from Varta Microbattery Gmbh, Ellwangen, Germa-
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ny.
[0011] The base unit 12 can incorporate a charging
station 106, shown in Figure 1, that recharges and main-
tains the charge state of multiple battery packs 16. By
having a multi-bay charging station 106 on the base unit
12, aready supply of fully charged battery packs is avail-
able to replace a battery pack 16 that has become de-
pleted in use.

[0012] The housing 18 can include an upper clamshell
30, alower clamshell 32, a nosepiece 34, a battery panel
36, and an acoustic window 38, as shown in Figures 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, i.e., the upper and
lower clamshells 30, 32 and the battery panel 36, can be
unitarily formed in other alternative embodiments.
[0013] The transducer array 20 and the acoustic win-
dow 38 are mounted on the nosepiece 34. The upper
and lower clamshells 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 Plas-
tic as the Cycoloy series resins, using a suitable process
such as conventional die-casting.

[0014] The overall length of the housing 18 can be ap-
proximately 6 cm to approximately 10 cm. A specific
range of values for the length of the housing 18 is pre-
sented for exemplary purposes only; the length of the
housing 18 can be less than 6 cm and greater that 10 cm.
[0015] The transducer array 20 emits acoustical ener-
gy. The transducer array 20 can produce acoustical vi-
brations having frequencies in the ultrasonic range, e.g.,
approximately 1 MHz to approximately 20MHz 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.

[0016] The transducer array 20 can include, for exam-
ple, a first plurality of piezoelectric elements that, when
energized, generate the acoustical vibrations in the ul-
trasonic frequency range. The transducer array 20 can
also include, for example, a second array of piezoelectric
elements that generate an electrical output in response
thereturn reflections incidentthereon. Transducer arrays
configured in other manners can be used in the alterna-
tive. Transducer arrays suitable for use as the transducer
array 20 can be obtained, for example, from Sound Tech-
nology, Inc. of State College, PA as the model 6L128
transducer array.

[0017] 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 Figure 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.
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[0018] Each of the first and second circuit board as-
semblies 22, 24 is communicatively coupled to the trans-
ducer array 20 by an associated electrical connector 25
and an associated cable, as shown in Figure 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 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.

[0019] 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 otherwise process the output of the trans-
ducer array 20, package the processed signals for trans-
mission to the base unit 12, and transmit the data for
subsequent processing, recording, and/or display by the
base unit 12.

[0020] For example, the first or the second board as-
sembly 22 can include a transmit controller 109, a trans-
mitter that is referred to as a transmit pulser 107, a trans-
mit receive switch 105, a receive amplifier 108 that am-
plifies the output of the transducer array 20, a time-var-
ying gain control (TGC) circuit 114, an analog-to-digital
converter 118, areceive data processor 116, and a trans-
ceiver 122. These components are illustrated diagram-
matically in Figure 7.

[0021] The first and second circuit board assemblies
22, 24 each include a circuit substrate such as a circuit
board 110 depicted in Figure 3. The receive amplifier
108, transmit controller 109, transmit pulser 107, transmit
receive switch 105, TGC circuit 114, analog-to-digital
converter 118, receive data processor 116, and trans-
ceiver 122 can be mounted on the circuit board 110 of
the first or the second circuit board assembly 22, 24.
[0022] The transmit pulser 107 is a driver circuit that
preferably takes TTL logic level signals from the transmit
controller 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 conven-
tional manner well understood in the art. The transmit
controller 109 can be made considerably simpler if it is
only necessary to generate unfocused or divergent
acoustic pulses for a small number of elements, as for
use with synthetic focusing techniques, which are also
well understood in the art.

[0023] The transmit/receive switch 105 protects the
low-voltage TGC circuit 114 from the relatively high-volt-
age pulses generated by the transmit pulser 107. When
receiving echoes from the patient’s body, the transmit/re-
ceive switch 105 connects the low voltage echo signals
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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 TGl circuit 114 compensates for the at-
tenuation 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.
[0024] The receive data processor 116, if acting as a
receive data beamformer, delays and sums the digitized
echo output signals of the transducer array 20, to dynam-
ically 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 trans-
mit elements can be sent to the transceiver 122 when
using synthetic focusing techniques for beamforming.
[0025] The transceiver 122 transmits the digitized out-
put of the receive data processor 116 to the base unit
12. The transceiver 122 can also receive inputs from the
base unit 12. The transceiver 122 can communicate with
a compatible transceiver 123 on the base unit 12 by way
of ultra-wideband RF signaling.

[0026] 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 transceivers 122, 123. Moreover, alternative
embodiments caninclude atransmitterin lieu of the trans-
ceiver 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 transmitting devices.
[0027] In another embodiment, communications be-
tween 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 there-
of. 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 oth-
er types of signal conductors.

[0028] Inanotherembodiment, the analog signals from
the TGC circuit 114 can be processed in a charge-cou-
pled device receive beamformer or other analog beam-
former, 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 dig-
itized, 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
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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.

[0029] The base unit 12 includes an image processor
124 and a monitor 126, as shown in Figures 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.
[0030] Specific details of the various electronic com-
ponents of the probe 14 are presented for exemplary
purposes only. Alternative embodiments can have elec-
tronic components configured in other manners.

[0031] Each of the first and second circuit board as-
semblies 22, 24 is communicatively coupled to the bat-
tery pack 16 by way of an associated lead 54, and an
associated contact 56 mounted on the battery panel 36,
as shown in Figure 3. Each lead 54 can be formed from
a non-rigid material that can withstand repeated flexing.
Each lead 54 can be mechanically connected to the cir-
cuit board 110 of the associated first or second circuit
board assembly 22, 24, in a manner that prevents 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,

[0032] The probe 14 can include a user-activated
on/off switch 119, shown in Figure 7, to electrically isolate
the first and second circuit board assemblies 22, 24 from
the battery 17 on a selective basis.

[0033] The upper clamshell 30, lower clamshell 32,
nosepiece 34, and battery panel 36 define an interior
volume 37 within the probe 14, as shown in Figure 3. The
transducer array 20 and the first and second circuit board
assemblies 22, 24 are positioned within the interior vol-
ume 37.

[0034] The nosepiece 34, transducer array 20, and
acoustic window 38 together form a nosepiece sub-
assembly 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 Figure 3.

[0035] The acoustic window 38 covers the forward end
of the nosepiece 34, and is formed from an acoustically-
transparent material. The acoustic window 38 is securely
attached to the nosepiece 34 using, for example, an ad-
hesive. 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.
[0036] The upper and lower clamshells 30, 32 are at-
tachedto each other along longitudinally-extending joints
44, as shown in Figure 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 edg-
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es 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 com-
ponents to be re-used.

[0037] The probe 14 can be made waterproof. More
particularly, each interface between the various compo-
nent 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 hous-
ing 18 can be configured 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 relatively expensive
transducer array 20 to be removed from the housing 18
for service and/or use in another probe 14.

[0038] The upper 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 adhesive, available from ITW Plexus, Danvers,
MA, can be used in this application. A typical shear
strength for this type adhesive is about 10 MPa. The bat-
tery panel 36 can be secured to the upper and lower
clamshells 30, 32 using the same high-strength adhe-
sive. The use of anadhesive having a relatively 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 adhe-
sive between the upper and lower clamshells 30, 32 per-
mits the use of the relatively simple and compact joint 44
depicted in Figure 6.

[0039] 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 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 cir-
cuit board assemblies 22, 24 from the probe 14. For ex-
ample, RTV110 adhesive, available from GE Advanced
Materials of Wilton, Ct., can be used in this application.
A typical shear strength for this type of adhesive/sealant
is about 0.67 MPa.

[0040] The low-strength adhesive should be compati-
ble 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 adhesion of other adhesives, once the
RTV has contacted the surface to be bonded. To accom-
modate such incompatible adhesives, the upper and low-
er 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
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the nosepiece 34.

[0041] As the upper and lower clamshells 30, 32 are
formed from arelatively inexpensive material, these com-
ponents can be sacrificed to gain access to the relatively
expensive components 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 up-
per and lower clamshells 30, 32, and the electrical con-
nector 27 can be disengaged to expose the circuit boards
22, 24. The circuit boards 22, 24 can then be serviced
and reused.

[0042] The remaining portions of the upper and lower
clamshells 30, 32, still attached to the nosepiece 34, can
be cut or broken at one point along their respective cir-
cumferences. The remaining portions can then be pried,
peeled, or otherwise detached from the joint of the nose-
piece 34. The relatively low-strength adhesive used to
attach the nosepiece 34 to the upper and lower clam-
shells 30, 32 can facilitate removal of the remaining por-
tions of the upper and lower clamshells 30, 32 with min-
imal difficulty. The nosepiece subassembly 40 and the
firstand second circuit board assemblies 22, 24 can sub-
sequently be serviced or repaired, and reused.

[0043] 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 nosepiece 34 and the up-
per and lower clamshells 30, 32.

[0044] Alternatively, the nosepiece 34 and the upper
and lower clamshells 30, 32 can be equipped with inter-
locking features, to augment the relatively low-strength
adhesive used to secure these components to each oth-
er.

[0045] 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 Figure 5. The
forward ends of the upper and lower clamshells 30, 32
can have a complementary 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 moved
toward each other during assembly, in the relative direc-
tions denoted by the arrows 154 in Figure 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.

[0046] The rearward end of the nosepiece 34 and the
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forward 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 mat-
ed. 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 clam-
shells 30, 32. Other types of interlocking features such
as latches or fasteners can be used in lieu of saw-tooth
joints in alternative embodiments.

[0047] The interface between the upper and lower
clamshells 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 differenttypes
of adhesives to assemble the housing 18. Interlocking
features may consume additional space within the hous-
ing 18, however, and therefore may be unsuitable in ap-
plications where space within the housing 18 is limited.
[0048] Inembodiments where the various components
of the housing 18 are held together by interlocking fea-
tures, latches, fasteners, etc., techniques other than ad-
hesives can be used to seal the joints between the com-
ponents. For example, the joints can be sealed using a
grease such as Nyogel 774VHF, available from Nye Lu-
bricants of Fairhaven, MA. 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 pen-
etrating 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 alter-
native embodiments. The sealing techniques noted in
this paragraph permit the various components of the
housing 18 to be disassembled without damage thereto.
[0049] 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 construct-
ed in a manner that minimizes the sensitivity of the first
and second circuit board assemblies 22, 24 to impact
loads.

[0050] For example, the first and second circuit board
assemblies 22 can include components that are inher-
ently 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 di-
mension 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 grad-
ually fatigue if subjected to repeated smaller impacts.
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Moreover, the various electronic components of the first
and second circuit board assemblies 22, 24 can be cho-
sen to have relatively robust electrical leads, to further
reduce the likelihood of breakage of the leads.

[0051] Components of the first and second circuit
board assemblies 22, 24 that are not inherently shock-
resistant can be protected from impact loads by immo-
bilizing those particular components. For example, a rel-
atively fragile component can be affixed to an adjacent
component having greater shock resistance and
strength. Alternatively, a relatively fragile 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.

[0052] 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. Al-
ternatively, 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.

[0053] Another alternative for increasing the rugged-
ness of the various electronic components of the firstand
second circuit board assemblies 22, 24 comprises coat-
ing the circuit boards 110 with a material such as
PC12-0007M, available from Henkel, Inc. of Irvine, CA,
that surrounds and encapsulates the components on the
circuit boards 110 in a manner that renders the compo-
nents more tolerant of shock and vibration. Other elec-
tronic circuit conformal coatings can be used in the alter-
native.

[0054] The entire interior volume 37 of the housing 18
can be potted in other alternative embodiments, to in-
crease the ruggedness of the first and second circuit
board assemblies 22, 24. This approach can eliminate
the need, discussed below, for compliant standoffs be-
tween 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 as-
semblies 22, 24 from leakage of water, ultrasound cou-
pling gel, and other fluids into the interior volume 37. Pot-
ting the entire interior volume 37, however, can make it
difficult orimpractical 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.
[0055] The first and second circuit board assemblies
22,24 can be mounted using a combination of rigid stand-
offs 50 and compliant standoffs 52 shown in Figure 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
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are mounted to each other using the rigid standoffs 50.
Each rigid standoff 50 can be aligned with a correspond-
ing compliant standoff 52, as shown in Figure 3.

[0056] 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
n (pi)*0.25cm2/0.5cm. A typical elastic modulus for a
compliant standoffis in the range of about 5MPa 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.

[0057] 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 arigid mounting arrangement. The compliant standoffs
52 increase the time interval over which the first and sec-
ond circuit board assemblies 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.

[0058] 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 connectors 27 typically require fixed spacing between
the interconnected boards, the use of the rigid standoffs
50 may be required in applications where such connec-
tors are used. Conversely, the use of rigid standoffs 50
may not be required in alternative embodiments in which
aflexible connectionis used between the firstand second
circuit board assemblies 22, 24.

[0059] The rigid 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 com-
pliant standoffs 52. A portion of the load is then transmit-
ted 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 to the lower clam-
shell 32 by way of the lower compliant standoffs 50. This
arrangement, itis believed, can prevent a substantial por-
tion of the shock load from being absorbed by the first
circuit board assembly 22. Instead, the load is distributed
between the first and second circuit board assemblies
22, 24 and the lower clamshell 32.

[0060] Shock loads applied to the lower clamshell 32
can be transmitted and distributed to the second circuit
board assembly 24, the first circuit board assembly 22,
and the upper clamshell 30 in a similar manner.



13 EP 2 124 752 B1 14

[0061] Aligning the rigid standoffs 50 and the compliant
standoffs 52, it is believed, also helps to minimize bend-
ing 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 standoff 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.
[0062] The probe 14 can be equipped with features
that minimize the impact loads on the housing 18, and
the components located within the housing 18, when the
probe 14 is dropped, hit, or otherwise abruptly acceler-
ated.

[0063] For example, compliant bumpers 60 can be
mounted on the nosepiece 34, as shown in Figures 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 window 38, and do not interfere
with contact between the acoustic window 38 and the
patient. Moreover, compliant cladding 62 can be attached
to the exterior surfaces of the upper and 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, orinaddition to the compliantcladding 62 in alternative
embodiments. Additional compliant bumpers 60 and/or
additional compliant cladding 62 can be mounted on the
battery panel 36 in other alternative embodiments.
[0064] The bumpers 60 and the cladding 62 can be
formed from a compliant material such as overmolded
silicone rubber. For example, SPAPS silicone rubber,
available from Bryant Rubber, Harbor City, CA, can be
used in this application. 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.
[0065] The battery pack 16 can be mated with and re-
moved from the housing 18 by the user, without a need
to disassemble 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.

[0066] The battery pack 16 includes two contacts 66,
as shown in Figures 1 1 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 first and second circuit board
assemblies 22, 24, by way of the leads 54.

[0067] The contacts 56, 66 can be formed from mate-
rials capable of being exposed to water, ultrasound cou-
pling gel, and other fluids without corroding or otherwise
degrading. The contacts 56 can be mounted on the bat-

10

15

20

25

30

35

40

50

55

tery 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 contacts 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. Alternatively, the
contacts 56, 66 can be cemented into a cavity in the re-
spective battery panel 36 and enclosure 19 with a gen-
eral-purpose epoxy or other adhesive.

[0068] The contacts 56 can be non-deflectable con-
tacts, and are substantially flush with an outer surface
72 of the battery panel 36, as shown in Figure 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.

[0069] The contacts 56 can be made deflectable, and
the contacts 66 can be made non- deflectable in alterna-
tive embodiments. The deflectable contacts, however,
will likely wear and require replacement prior to the non-
deflectable contacts, and are more susceptible to dam-
age 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.

[0070] The probe 14 can include features that electri-
cally 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 the form of a ring-shaped, compress-
ible gasket 70 can be mounted on the battery pack 16,
as shown in Figures 8, 11, and 12. The gasket 70 can
be mounted on the surface 72 of the battery panel 36 in
alternative embodiments.

[0071] The gasket 70 encircles one of the contacts 66
so that the contacts 66 are separated by the gasket 70,
as shown in Figure 11. The gasket 70 is formed from an
electrically-insulative material, and thus forms a barrier
that electrically isolates 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.

[0072] Ultrasound coupling gel is electrically-conduc-
tive. Thus, the battery pack 16 and the housing 18 can
be equipped with features that displace ultrasonic cou-
pling gel that may be located at the interface between
the gasket 70 and the battery panel 36, to reduce or elim-
inate the possibility of current flow across the interface.
[0073] The battery panel 36 and the battery pack 16,
as discussed below, can be equipped with mating fea-
tures 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
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of the battery pack 16 during mating should pass through
or near the center of the gasket 70.

[0074] 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 contaminants from the interface between the
gasket 70 and the surface 72.

[0075] One possible set of mating features for the bat-
tery panel 36 and the battery pack 16 is depicted in Fig-
ures 2 and 10-13D. The mating features are not depicted
in other figures, for clarity of illustration. The mating fea-
tures include two projections 80 formed on opposing
sides of the housing 18, and two extensions formed on
opposing sides of the enclosure 19 of the battery pack
16. The extensions can be, for example, relatively thin,
elongated arms 83 as shown in Figures 12-13D. Other
configurations for the extensions can be used in alterna-
tive embodiments.

[0076] The arms 82 each engage an associated pro-
jection 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 embodiments
[0077] 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 Figures 2
and 13A-13Dp.. 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.

[0078] Each projection 80 can include an inclined sur-
face 85, and a nub, or rounded portion 86 located prox-
imate the inclined surface 85. Each end portion 84 of the
arms 82 can have an indentation 88 formed therein.
[0079] The battery 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 as-
sociated arm 82 as shown in Figure 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 Figure 13A at this point.
[0080] Rotation of the battery pack 16 in relation to the
housing 18 (or vice versa), in the direction denoted by
the arrow 150 in Figure 13B, causes each end portion
84 to ride up the inclined surface 85 of the associated
projection 80, as shown in Figure 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 Figure
13B. The resulting compression of the gasket 70 against
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the surface 72 displaces ultrasound coupling gel from
the interface between the gasket 70 and the surface 72.
[0081] Continued rotation of the battery pack 16, in
combination 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 Figure 13D. The positioning
of the projections 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
Figure 13D, thereby relieving some of the pressure on
the gasket 70. In other words, the mechanical interaction
between the arms 82 and the projections 80 causes the
gasket 70 to be compressed beyond its final state of com-
pression during mating of the battery pack 16 and the
housing 18.

[0082] 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 out-
wardly, past the gasket 70. Such leakage can create an
unintended conduction path between the electrical con-
tacts 56, 66.

[0083] In applications in which more than two sets of
battery contacts 56, 66 are used, additional gaskets such
as the gasket 70 can be positioned between each set of
contacts 56, 66.

[0084] The battery pack 16 may be immersed in or oth-
erwise 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 unintentional discharge of the bat-
tery 17 due to contact with such fluids.

[0085] 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 Figures 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 contact 66 and the battery 17. A
magnet 96 can be mounted on an interior surface of the
battery panel 36, as shown in Figure 8. The magnet 96
can be positioned so thatits magneticfield draws a switch
92a of the relay 92 into its closed position when the bat-
tery pack 16 is mated with the housing 18, thereby es-
tablishing electrical contact between the battery 17 and
the contact 66. The charging station 106 for the battery
pack 16 can include a similar feature.

[0086] 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
permitting the switch 92a to return to its open position.
The return of the switch 92a to its open position breaks
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electrical contact between the battery 17 and the contact
66, thereby preventing the battery 17 from discharging
by way of the contact 66.

[0087] One or both of the battery pack 16 and the bat-
tery panel 36 can be equipped with pieces of magneti-
cally-permeable material (not shown) that focus, or con-
centrate the magnetic flux of the magnet 96 toward the
relay 92.

[0088] The use of the magnet 96 and the relay 92 ob-
viates 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.

[0089] Alternatively, the battery pack 16 can be
equipped with a switch 100, as shown in Figure 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.

[0090] The surface 72 of the battery panel 36, or a sur-
face on the 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, i.e., toward the battery pack 16, so that the
surface 72 urges the contact 102 toward its closed posi-
tion as the battery pack 16 and the battery panel 36 or
charging station 106 are mated. The switch 100, upon
reachingits closed position, places the battery 17 in elec-
trical contact with the contact 66.

[0091] The switch 100 can be used without the mem-
brane 104 in alternative embodiments. A suitable sealing
means, such as a TEFLON seal, should be provided be-
tween the contact 102 and the enclosure 19 is such em-
bodiments, to prevent infiltration of fluids into the enclo-
sure 19 of the battery pack 16.

[0092] In other alternative embodiments, the battery
pack 16 can include 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 Figures 8B and 8C. The electrical circuit is configured
to activate the switch when the electrical circuit deter-
mines that the battery pack has been mated to the probe
18 or a charging station 106. The hall effect sensor 93 is
used in amanner similar tothereed relay 92. In particular,
when the hall effect sensor 93 senses a magnetic field
in the proximity thereof, the electrical circuit 94 turns on
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the MOSFET 95. Turning on the MOSFET 95 completes
a circuit from the battery to the contacts 66, allowing cur-
rent 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.

[0093] The battery pack 16, upon reaching a charge
state unsuitable for continued use, can be replaced with
acharged battery pack 16. The change-out of the battery
pack 16 can be 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 Figure 1, so that a
recharged battery pack 16 is available when needed. The
probe 14 therefore can be used on a substantially con-
tinuous 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.

[0094] 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.

[0095] In other embodiments, a stand-alone charging
station 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.
[0096] 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., induc-
tive 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.

[0097] The first or second 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 displayed on the monitor 126.
[0098] 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.

[0099] Alternative embodiments of the probe 14 can
include an internal, non-removable battery in lieu of the
battery pack 16. An example of probe 14a having an in-



19 EP 2 124 752 B1 20

ternal, non-removable battery pack 138 is depicted in
Figures 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 charac-
ters.

[0100] Figure 15A depicts the probe 14abeinginserted
into a charging 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 inte-
grated into the base unit 12 or, alternatively, can be con-
structed as a stand alone unit.

[0101] 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 maintain the charge of multiple probes 14 si-
multaneously.

[0102] 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 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 con-
tacts 130 can be positioned on the bottom of the probe
14a as in Figure 15B.

[0103] Alternatively, the charging contacts 130 can be
positioned on the sides of the probe 14a, as in Figure
15C. A contact wiper 146 can be employed in this em-
bodiment to remove some or most of any contaminants
that may be present on or around battery charging con-
tacts 130. The wiper 146 can be made of EPDM rubber
or other suitable material that is highly flexible and resil-
ient. 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 14a. Alternatively,
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
completely remove any contaminating materials; howev-
er, the wiper only needs to provide a conductivity break
in any contaminating materials so that there is no con-
ductivity path from one mated pair of charging contacts
130, 145 to the other.

[0104] Since the batteries of the probe 14a are non-
removable, 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.

[0105] The probe 14a can be equipped with switching
features, such as a reed relay 131 or a switch 133, that
preventdischarge of the battery pack 138 when the probe
14ais not located in the charging station 144 and one or
more conductive materials, such as ultrasound coupling
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gel, are in contact with the exposed charging contacts
130. The reed relay 131 and the switch 133 are depicted
in Figures 14A and 14B, respectively.

[0106] The reed relay 131 or the switch 133 can be
configured to electrically connect the battery pack 138 to
one of the charging contacts 130 in the manner discussed
above in relation 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.

[0107] In other alternative embodiments, the probe
14a can include an electrical circuit, and a switch con-
nected in series with one of the charging contacts 130
and the battery pack 138. The electrical circuit is config-
ured to activate the switch when the electrical circuit de-
termines 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 to the elec-
trical circuit 94 and the hall effect sensor 93 discussed
above.

[0108] 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 14a 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 cur-
rent through the charging contacts. A suitable Schottky
diode can be obtained, for example, from Diodes, Inc.,
of Westlake Village, CA, as the model B340 diode.
[0109] Alternatively, a MOSFET 136 or another type
of semiconductor switching device can be used to inter-
rupt electrical contact between one or more of the charg-
ing 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 fastrise time voltages on the charg-
ing contacts 130. This will render the internal circuitry
less vulnerable to ESD and other adverse input voltages
and currents.

[0110] As shown in Figures 14C and 14D, the input
resistor 134 holds the input potential across the charging
contacts 130 to zero whenever the probe 14a is not con-
nected 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 cir-
cuitry within station 144, and can be considered negligi-
ble.

[0111] Alternatively, the charging circuitry in the charg-
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ing station 144 can be configured to test for a shunt cur-
rent before the commencement of the charging cycle.
The charging circuitry can perform this test by providing
a small potential across the mated pairs of charging con-
tacts 130, 145, and sensing the resulting current flow.
Both of the circuits depicted in Figures 14C and 14D pro-
vide 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 config-
ured to display a fault light or message that alerts the
user to clean the probe 14a or the charging stand 144 of
any conductive materials. Once the shunt path is so re-
duced so that the current therethrough is negligible, the
charging circuitry would commence the charging cycle.
[0112] During initial charging of the battery pack 138,
the power dissipation in the diode 132 could be on the
order of 0.4W. 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 crit-
ical, 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 measured voltage drop across the diode 132.
[0113] The circuit depicted in Figure 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 guar-
anteed "on" resistance of Rds(on)<0.08 Ohm at a gate
voltage of 2.5V. Thus, at typical charging currents of C/2
to C (0.5A to 1A for a 1Ah battery such as battery pack
138), the power dissipation in the MOSFET 136 will be
negligible, i.e., <80 mW.

[0114] Moreover, the circuit of Figure 14D provides a
relatively low voltage drop across the pass element,
MOSFET 136, so that the final-stage charging voltage
can be set accurately. As the final charge voltage is
reached, the charging currentin the MOSFET 136 drops,
and the voltage across the terminals of battery pack 138,
subsequently referred to as Ve, is known to a rela-
tively high accuracy due to the diminishing I*R drop
across the MOSFET 136. At low charging 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 Viparger- The voltage across the terminals of the
battery pack 138 can be computed with a relatively high
degree of accuracy as Vpatery = 0.99% Vinarger-

[0115] The self-discharge of typical Li-ion batteries is
5% per month. For a 1Ah battery pack such as 138, this
represents an equivalent self-discharge current of about
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70uA. The op-amp 143 in Figure 14D consumes only
1.5uA 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. At high
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 againstits positive rail, and the MOSFET
136 will be driven so as to provide as low a drop as pos-
sible. 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 pro-
vide a voltage drop through MOSFET 136 of 1% of the
battery terminal voltage.

[0116] 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. Alter-
natively, the fuel cell can be configured to be re-filled
quickly, thereby obviating the need for the fuel cell to be
removable.

[0117] 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 intro-
ducing 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 constant, pressure reading
can be considered an indication that the probe 14 is prop-
erly sealed. Conversely, adecrease in pressure over time
can be considered an indication that a leak is present at
one or more locations in the probe 14.

[0118] 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 in a 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.

[0119] Alternatively, atracergascanbeintroduced 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 pro-
viding 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 disassembling and resealing
the entire housing 18 to eliminate the leak.

[0120] Alternatively, a vacuum can be applied to inte-
rior 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
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maintain a vacuum in the interior volume 37, can be in-
terpreted as an indication that a leak is present at one or
more locations in the probe 14.

[0121] The hole through which the gas or vacuum is
introduced can be closed and sealed once the probe 14
has been foundto 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.

[0122] The interior volume 37 of the probe 14 can be
filled with an inert gas before the hole is closed and
sealed, to inhibit or prevent surface oxidation of metallic
components, such as the contacts of electrical connec-
tors, located within the housing 18.

[0123] 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 re-
mainder of the housing 18.

[0124] Other methods for checking the watertight in-
tegrity 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-conductive liquid, and a DC or AC volt-
age 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 indi-
cation that the watertight integrity of the probe is satis-
factory.

[0125] If the 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 adapterfacilitates attach-
ment of the DC or AC potential used for a current leakage
test to be attached to the internal circuitry of the probe
14, to allow the probe 14 to be tested in the same manner
as a wired probe.

[0126] Ifthe probe has aninternal, non-removable bat-
tery such as the probe 14a, an adapter can provided.
The adapter can attach to the probe 14a, 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.

[0127] 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 con-
nected to the internal circuitry of the probe 14, 14a. A
currentleakage testcan thenbe carried outin the manner
described above for a wired probe. Once the current leak-
age test has been successfully completed, the hole can
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be closed and sealed to isolate the interior volume 37
from the environment around the probe 14, 14a.

[0128] As shown in Figure 3, a large portion of the in-
ternal 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 conductivity path is established be-
tween the liquid around the probe 14 and the internal
circuitry of the probe 14. Thus, for the test to 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.

[0129] 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 therebetween. 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.

[0130] 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 exam-
ple, a suitable coating is SPI#5001-AB Silver Paint, avail-
able from SPI Supplies of West Chester, PA. This mate-
rial is a silver-loaded paint that, upon the evaporation of
the solvent carrier, leaves a highly conductive film of sil-
ver metal on the coated surface. A portion of the coating
168 is depicted in phantom in Figure 3.

[0131] A conductor can be provided between the con-
ductive coating and a reference node or nodes of the first
and/or second circuit board assemblies 22, 24. The con-
ductor 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 circuitboards 110 of the first and/or
second circuit board assemblies 22, 24 with conductive
epoxy, such as SPI#05067-AB conductive epoxy, avail-
able 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.

[0132] An electrically-conductive shield 170 connect-
ed 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 circuitboards
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22, 24 are mounted within the housing 18, thus making
itrelatively easy toinstall the shield. A portion of the shield
170 is depicted in phantom in Figure 3.

[0133] The shield 170 also provide EMI control for the
circuitry on the first and/or second circuit board assem-
blies 22, 24. For example, the shield 170 lessen the sen-
sitivity of the TGC receiver 114 to impinging electromag-
netic fields that can potentially corrupt the low-amplitude
echo signals. The shield 170 also limit radiated electro-
magnetic fields from the circuitry on the first and/or sec-
ond circuit board assemblies 22, 24 to the surrounding
environment, orto other circuitry within the probe 14 itself.
[0134] In providing a wired interface, or cable assem-
bly, between a probe and its base unit, it can be beneficial
to minimize the number of conductors in the cable as-
sembly. This can reduce the cost and size of the cable
assembly, and canimprove the ergonomics of the probe.
If the cost of the cable assembly can be made relatively
low, it can be feasible to make the cable assembly a
sterilized, disposable, single-use item, such as the cable
assembly 149 depicted in Figure 16A.

[0135] 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 14b is relatively simple, because the sheath
needs to cover only the probe 14b, and not the cable
assembly 149.

[0136] The cable assembly 149 can be used in con-
junction with a probe 14b depicted in Figure 16A. The
cable assembly 149 comprises a cable 147, and a first
connector 148 electrically and mechanically connected
to a first end of the cable 147. The first connector 148
can mate with the probe 14b, at an end of the probe 14b
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.

[0137] The cable assembly 149 is detachable or re-
movable at both ends thereof, i.e., the first connector 148
can be disconnected from the probe 14b, and the second
connector 151 can be disconnected from the base unit
12 without damaging or otherwise rendering non-reusa-
ble the probe 14b, the base unit 12, and/or the first or
second connectors 148, 151. The probe 14b, the base
unit 12, and the first and second connectors 148, 151
can be equipped with suitable mating features that se-
cure the first and second connectors 148, 151 to the re-
spective probe 14b and base unit 12 while facilitating
removal of the first and second connectors 148, 151 as
noted.

[0138] The first connector 148 includes two electrical
contacts 157, and a housing 167. Each contact 157 con-
tacts an associated electrical contact 156 on the probe
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14b when the first connector 148 is mated with the probe
14b, to establish electrical contact between the probe
14b and the base unit 12. The contacts 156, 157 are
shown in Figures 16A and 16B, respectively.

[0139] An electrically-insulative barrier, such as the
ring-shaped, compressible gasket 70 described above
inrelation to the probe 14, can be mounted on the housing
167 at a mating face 161 of the first connector 148, as
shown in Figure 16A. The gasket 70 can be mounted on
a mating face 160 of the probe 14b 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.
[0140] The gasket70encirclesone ofthe contacts 157,
and is pressed against the mating face 160 of the probe
14b when the probe 14b and the first connector 148 are
mated. The gasket 70 can displace ultrasound coupling
gel or other contaminants from the mating face 160,
thereby providing electrical 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.
[0141] The mating 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.

[0142] The probe 14b can include two or more of the
arms 82 described above in connection with the probe
14, as shown in Figure 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 14b and the first con-
nector 148, in the manner described above in relation to
the battery pack 16 and the battery panel 36 of the probe
14b. The use of the arms 82 and the projections 80 to
fasten the first connector 148 to the probe 14b is de-
scribed for exemplary purposes only. Other fastening
means, such as latches or to fasteners, can be used in
the alternative.

[0143] The first and second connectors 148, 151 can
be configured with more than two of the contacts 157
each, and the probe 14b can be configured with more
than two of the contacts 156. As described above in re-
lation to the probe 14, additional compliant gaskets 70
can be provided to facilitate isolation of the additional
pairs of contacts 156, 157, as shown in Figure 16C. The
multiple compliant gaskets 70 can be concentric, so that
the same rotational engagement motion causes all of the
gaskets 70 to simultaneously displace ultrasound cou-
pling gel or other contaminants from the mating face 160
of the probe 14b.

[0144] Minimizing the number of conductors in the ca-
ble 147 can help minimize the number of contacts 156,
157 required to establish electrical contact between the
probe 14b and the base unit 12, and can reduce the cost,
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size, and weight of the cable 147. It is possible to use a
single pair of conductors plus ground (three wires) to im-
plement the three functional 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 14b; and carrying control, status and
image information from the probe 14b to the base unit 12.
[0145] The base unit 12 and the probe 14b can be con-
figured to communicate with each other alternately, i.e.,
on a non-simultaneous basis. Two-way communications
between the base unit 12 and the probe 14b can be ac-
commodated over a single communication path, i.e., over
one wire pair, using this configuration, due to the absence
of two-way data communication.

[0146] Alternatively, simultaneous two-way communi-
cations over a single conductor can be facilitated using
techniques such as time, frequency, or other types of
multiplexing, directional couplers that isolate the trans-
mitted date from the received data, etc.

[0147] The base unit 12 sends configuration informa-
tionto the probe 14b, to place the probe 14 into the proper
mode of operation. The probe 14b 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 14b 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 14b to change in response to a user input,
to the probe 14b. This time multiplexing can take advan-
tage 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 seg-
mentation in the probe-to-base unit communications that
can provide this time segmentation.

[0148] In the case of a synthetic-focus data gathering
scheme, the acoustic transmit is from a single transducer
element, or a group of elements fired simultaneously to
create a diverging wavefront. In the case of a conven-
tional 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 beam-
formed, and then sent to the base unit 12 for further
processing and display.

[0149] In the case of an analog receive beamformer
system, the acoustic transmit event is a steered and/or
focused transmit beam, and the resulting received echo
is analog-beamformed. 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 available to send data
from the base unit 12 to the probe 14b. Once this data
is sent, the probe 14b again takes control of the link to
send another echo signal or data set.
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[0150] Inadditionto providing two-way communication
between base unit 12 and the probe 14, itis also neces-
sary to provide power to the probe 14. Itis also desirable
to provide a differential communications signal between
the base unit 12 and the probe 14 to provide immunity
to radio-frequency interference and relatively low radiat-
ed emissions. Both of these features can be provided by
using center-tapped transformers on both ends of the
cable to feed in the power as a common-mode signal on
a differential data path, as shown in Figure 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 communications
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.

[0151] Because the data paths depicted in Figure 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 Manches-
ter encoding of the data streams, or other data encoding
such as 8B/10B as specified in the IEEE802.3z specifi-
cation for Gigabit Ethernet. Other coding can be used in
the alternative.

PARTS LIST:
[0152]

system 10

base unit 12

probe 14

probe 14a

probe 14b

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 clam-
shells 30, 32)

nosepiece subassembly 40
epoxy backfill 41
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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

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

monitor 126

battery charging contacts 130
reed relay 131

diode 132

switch 133

ohm resistor 134

MOSFET 136

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
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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

Claims

1.

An ultrasound imaging system (10), comprising:

a probe (14b) comprising: (i) a housing (18); (ii)
a transducer array (20) positioned within the
housing, wherein the transducer array emits
acoustical energy and receives return reflec-
tions of the acoustical energy; and (iii) a trans-
mitter mounted on the circuit substrate and com-
municatively coupled to the transducer array,
wherein the transmitter stimulates the transduc-
er array to emit acoustical energy; and

a cable assembly (149) comprising a first elec-
trical connector (148) capable of being remov-
ably connected to the probe;

wherein

the probe further comprises a first and a second
electrical contact (156), and the first electrical
connector comprises a third and a fourth elec-
trical contact (157) that mate with the respective
first and second electrical contacts when the
probe and the connector are mated; and a com-
pressible and electrically-insulative gasket (70)
mounted on the probe or the connector so that
the gasket encircles the first and third electrical
contacts or the second and fourth electrical con-
tacts when the probe and the connector are mat-
ed and mounted so that the gasket (70) contacts
and rotates against a mating surface (160, 161)
ofthe probe (14b) or the connector (148) respec-
tively during mating of the probe (14b) with the
connector (148) .

The system of claim 1, wherein the cable assembly
further comprises a cable comprising at least two
electrical conductors, and a second electrical con-
nector, wherein the first electrical connector is me-
chanically connected to a first end of the cable and
the second electrical connector is mechanically con-
nected to a second end of the cable.
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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 elec-
trical connector is capable of being removably con-
nected to the base unit.

The system of claim 1, wherein the cable assembly
isrealised as a sterilized disposable, single-use item.

The system of claim 1, 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 gasket when the connector is in the first po-
sition; 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 posi-
tion.

The system of claim 5, further comprising an exten-
sion (82) mounted on one of the probe and the con-
nector, and a projection (80) mounted on the other
ofthe probe and the connector, wherein engagement
of the extension and the projection draws the con-
nector into the first position and holds the connector
in the fully mated position.

The system of claim 6, wherein one of the extension
and the projection has a rounded portion that be-
comes disposed in anindentation formed in the other
of the extension and the projection when the con-
nector reaches the fully mated position.

The system of claim 6, wherein the extension is an
elongated arm.

The system of claim 1, wherein the probe further
comprises 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
connector are mated.

The system of claim 9, further comprising a second
and a third electrically-insulative gasket mounted on
a surface of the probe or the connector so that the
second and third electrically-insulative gaskets en-
circle the respective fifth and sixth electrical contacts
or the respective fourth and sixth electrical contacts.

The system of claim 1, further comprising an acoustic
transmit timing device communicatively coupled to
the transmitter, wherein the acoustic transmit timing
device controls the timing of pulses of the acoustical
energy.
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12.

13.

14.

32

The system of claim 11, further comprising a time-
varying gain circuit communicatively coupled to the
transducer array for compensating for attenuation of
acoustical energy received by the transducer array,
and an analog to digital converter communicatively
coupled to the time-varying gain circuit.

The system of claim 11, further comprising a receive
amplifier communicatively coupled to the transducer
array, wherein the receive amplifier amplifies the out-
put of the transducer array.

A method for performing an ultrasound procedure,
comprising:

providing a probe (14b) comprising a housing
(18) and

a transducer array (20) positioned

within the housing, wherein the transducer array
emits acoustical energy and receives return re-
flections of the acoustical energy;

providing a base unit(12) thatreceives and proc-
esses output signals from the probe;

providing a sterile cable assembly (149) com-
prising a first and second electrical connectors
(148, 151);

removably connecting thefirst electrical connec-
tor (148) of the cable assembly to the probe; and
removably connecting the second electrical con-
nector (151) of the cable assembly to the base
unit;

wherein the probe further comprises a first and a
second electrical contact (156), and the first electri-
cal connector comprises a third and a fourth electri-
cal contact (157) that mate with the respective first
and second electrical contacts when the probe and
the connector are connected; and a compressible
and electrically-insulative gasket (70) mounted on
the probe or the connector so that the gasket encir-
cles the first and third electrical contacts or the sec-
ond and fourth electrical contacts when the probe
and the connector are connected, and mounted so
that the gasket (70) contacts and rotates against a
mating surface (160, 161) of the probe (14b) or the
connector (148) respectively during mating of the
probe (14b) with the connector (148).

Patentanspriiche

1.

Ultraschallbildgebungssystem (10), welches um-
fasst:

eine Sonde (14b), welche umfasst: (i) ein Ge-
hause (18); (ii) ein Wandlerarray (20), das in-
nerhalb des Gehauses positioniert ist, wobei
das Wandlerarray akustische Energie aussen-
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det und

Ruckreflexionen der akustischen Energie emp-
fangt; und (iii) einen Sender, der auf dem Schal-
tungssubstrat angebracht ist und mit dem
Wandlerarray kommunikationsfahig gekoppelt
ist,

wobei der Sender das Wandlerarray anregt,
akustische Energie auszusenden; und

eine Kabelanordnung (149), die einen ersten
elektrischen Verbinder (148) umfasst, der mit
der Sonde l6sbar verbunden werden kann;
wobei

die Sonde ferner einen ersten und einen zweiten
elektrischen Kontakt (156) umfasst und der ers-
te elektrische Verbinder einen dritten und einen
vierten elektrischen Kontakt (157) umfasst, wel-
che mit dem ersten bzw. zweiten elektrischen
Kontakt zusammengesteckt werden, wenn die
Sonde und der Verbinder verbunden werden;
und eine zusammendrickbare und elektrisch
isolierende Dichtung (70), die an der Sonde oder
am Verbinder so angebracht ist, dass die Dich-
tung den ersten und dritten elektrischen Kontakt
oder den zweiten und vierten elektrischen Kon-
takt umgibt, wenn die Sonde und der Verbinder
verbunden sind, und so angebracht ist, dass die
Dichtung (70) wahrend des Verbindens der Son-
de (14b) mit dem Verbinder (148) mit einer Ge-
genflache (160, 161) der Sonde (14b) bzw. des
Verbinders (148) in Kontakt kommt und sich ge-
gen diese dreht.

System nach Anspruch 1, wobei die Kabelanord-
nung ferner ein Kabel umfasst, das wenigstens zwei
elektrische Leiter und einen zweiten elektrischen
Verbinder umfasst, wobei der erste elektrische Ver-
binder mit einem ersten Ende des Kabels mecha-
nisch verbunden ist und der zweite elektrische Ver-
binder mit einem zweiten Ende des Kabels mecha-
nisch verbunden ist.

System nach Anspruch 2, welches ferner eine Ba-
siseinheit umfasst, wobei die Basiseinheit Aus-
gangssignale von der Sonde empfangt und verar-
beitet und der zweite elektrische Verbinder mit der
Basiseinheit I6sbar verbunden werden kann.

System nach Anspruch 1, wobei die Kabelanord-
nung als ein sterilisierter, wegwerfbarer Artikel zum
einmaligen Gebrauch ausgefihrt ist.

System nach Anspruch 1, wobei der Verbinder in
eine erste Position bezliglich der Sonde gezogen
wird, wenn der Verbinder und die Sonde teilweise
verbunden sind; der Verbinder und die Sonde eine
Druckkraft auf die Dichtung austiben, wenn sich der
Verbinder in der ersten Position befindet; und der
Verbinder von der Sonde zurlickweicht, wenn sich
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der Verbinder von der ersten Position zu einer voll-
sténdig verbundenen Position beziiglich der Sonde
bewegt, so dass sich die Druckkraft verringert, wenn
sich der Verbinder von der ersten Position zu der
vollstédndig verbundenen Position bewegt.

System nach Anspruch 5, welches ferner ein Ansatz-
stiick (82), das an einem von der Sonde und dem
Verbinder angebrachtist, und einen Vorsprung (80),
der an dem anderen von der Sonde und dem Ver-
binder angebracht ist, umfasst, wobei der Eingriff
des Ansatzstiicks und des Vorsprungs den Verbin-
der in die erste Position zieht und den Verbinder in
der vollstandig verbundenen Position halt.

System nach Anspruch 6, wobei eines von dem An-
satzstiick und dem Vorsprung einen gewdlbten Ab-
schnitt aufweist, welcher in eine Position in einer in
dem anderen von dem Ansatzstiick und dem Vor-
sprung ausgebildeten Vertiefung gelangt, wenn der
Verbinder die vollstdndig verbundene Position er-
reicht.

System nach Anspruch 6, wobei das Ansatzstlick
ein lang gestreckter Arm ist.

System nach Anspruch 1, wobei die Sonde ferner
einen flinften und einen sechsten elektrischen Kon-
takt umfasst und der Verbinder einen siebenten und
einen achten elektrischen Kontakt umfasst, welche
mit dem flinften bzw. sechsten elektrischen Kontakt
zusammengesteckt werden, wenn die Sonde und
der Verbinder verbunden werden.

System nach Anspruch 9, welches ferner eine zweite
und eine dritte elektrisch isolierende Dichtung um-
fasst, die auf einer Flache der Sonde oder des Ver-
binders angebracht sind, so dass die zweite und drit-
te elektrisch isolierende Dichtung den flinften bzw.
sechsten elektrischen Kontakt oder den vierten bzw.
sechsten elektrischen Kontakt umgeben.

System nach Anspruch 1, welches ferner eine akus-
tische Sende-Zeitsteuerungsvorrichtung umfasst,
die mit dem Sender kommunikationsféhig gekoppelt
ist, wobei die akustische Sende-Zeitsteuerungsvor-
richtung die zeitliche Steuerung von Impulsen der
akustischen Energie durchfiihrt.

System nach Anspruch 11, welches ferner eine
Schaltung zur zeitvariablen Verstarkung, die mit
dem Wandlerarray kommunikationsfahig gekoppelt
ist, um die Dampfung von durch das Wandlerarray
empfangener akustischer Energie auszugleichen,
und einen Analog-Digital-Umsetzer, der mit der
Schaltung zur zeitvariablen Verstarkung kommuni-
kationsfahig gekoppelt ist, umfasst.



13.

14.

35 EP 2 124 752 B1 36

System nach Anspruch 11, welches ferner einen
Empfangsverstarker umfasst, der mit dem Wand-
lerarray kommunikationsfahig gekoppelt ist, wobei
der Empfangsverstérker den Ausgang des Wand-
lerarrays verstarkt.

Verfahren zur Durchfiihrung einer Ultraschallproze-
dur, welches umfasst:

Bereitstellen einer Sonde (14b), welche ein Ge-
hause (18) und ein Wandlerarray (20), das in-
nerhalb des Gehauses positioniert ist, umfasst,
wobei das Wandlerarray akustische Energie
aussendet und Rickreflexionen der akusti-
schen Energie empfangt;

Bereitstellen einer Basiseinheit (12), welche
Ausgangssignale von der Sonde empfangt und
verarbeitet;

Bereitstellen einer sterilen Kabelanordnung
(149), die einen ersten und einen zweiten elek-
trischen Verbinder (148, 151) umfasst;
Idsbares Verbinden des ersten elektrischen Ver-
binders (148) der Kabelanordnung mit der Son-
de; und

Idsbares Verbinden des zweiten elektrischen
Verbinders (151) der Kabelanordnung mit der
Basiseinheit;

wobei die Sonde ferner einen ersten und einen zwei-
ten elektrischen Kontakt (156) umfasst und der erste
elektrische Verbinder einen dritten und einen vierten
elektrischen Kontakt (157) umfasst, welche mit dem
ersten bzw. zweiten elektrischen Kontakt zusam-
mengesteckt werden, wenn die Sonde und der Ver-
binder verbunden werden; und eine zusammen-
driickbare und elektrisch isolierende Dichtung (70),
die an der Sonde oder am Verbinder so angebracht
ist, dass die Dichtung den ersten und dritten elektri-
schen Kontakt oder den zweiten und vierten elektri-
schen Kontakt umgibt, wenn die Sonde und der Ver-
binder verbunden sind, und so angebracht ist, dass
die Dichtung (70) wahrend des Verbindens der Son-
de (14b) mit dem Verbinder (148) mit einer Gegen-
flache (160, 161) der Sonde (14b) bzw. des Verbin-
ders (148) in Kontakt kommt und sich gegen diese
dreht.

Revendications

1.

Systeme  (10)
comprenant :

d'imagerie  par ultrasons,

une sonde (14b) comprenant : (i) un boitier (18),
(i) un réseau (20) de transducteurs positionné
a l'intérieur du boitier, étant entendu que le ré-
seau de transducteurs émet de I'énergie acous-
tique et recoit des rétroréflexions de I'énergie
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acoustique, et (iii) un émetteur monté sur le
substrat de circuit et couplé communicant au ré-
seau de transducteurs, étant entendu que
I’émetteur stimule le réseau de transducteurs a
émettre de I'énergie acoustique, et

un ensemble (149) a cable comprenant un pre-
mier connecteur électrique (148) apte a étre
connecté amovible a la sonde,

étant entendu que

la sonde comprend par ailleurs un premier et un
deuxieme contact électrique (156), le premier
connecteur électrique comprenant un troisieme
et un quatrieme contact électrique (157) qui
s’accouplent avec les premier et deuxiéme con-
tacts électriques respectifs quand la sonde et le
connecteur sont accouplés, et une garniture
compressible et électriquement isolante (70)
montée sur la sonde ou le connecteur de sorte
que la garniture encercle les premier et troisie-
me contacts électriques ou les deuxiéme et qua-
trieme contacts électriques quand la sonde et le
connecteur sont accouplés et montés de sorte
que la garniture (70) soit en contact avec, et pi-
vote contre, une surface d’accouplement (160,
161), respectivement, de la sonde (14b) ou du
connecteur (148) pendant I'accouplement de la
sonde (14b) avec le connecteur (148).

Systéme selon larevendication 1, étant entendu que
I’ensemble a cable comprend par ailleurs un cable
comprenantau moins deux conducteurs électriques,
etundeuxiéme connecteur électrique, étantentendu
que le premier connecteur électrique est connecté
mécaniquement a une premiére extrémité du cable
et que le deuxiéme connecteur électrique est con-
necté mécaniquement a une deuxiéme extrémité du
cable.

Systéme selon la revendication 2, comprenant par
ailleurs une unité de base, étant entendu que 'unité
de base regoit et traite des signaux de sortie de la
sonde et que le deuxiéme connecteur électrique est
apte a étre connecté amovible a 'unité de base.

Systéme selon larevendication 1, étant entendu que
I'ensemble a cable est réalisé sous la forme d’'un
élément stérilisé jetable, a usage unique.

Systéme selon larevendication 1, étant entendu que
le connecteur est tiré jusque dans une premiére po-
sition par rapport a la sonde pendant que le connec-
teur et la sonde sont partiellement accouplés, que
le connecteur etla sonde exercent une force de com-
pression sur la garniture lorsque le connecteur est
dans le premiére position, et que le connecteur
s’écarte de la sonde pendant que le connecteur se
déplace de la premiére position jusqu’a une position
d’accouplement complet par rapport a la sonde de
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sorte que la force de compression diminue pendant
que le connecteur se déplace de la premiére position
jusqu’a la position d’accouplement complet.

Systeme selon la revendication 5, comprenant par
ailleurs une extension (82) montée soit sur la sonde,
soit sur le connecteur, et un élément saillant (80)
monté sur l'autre composant parmi la sonde et le
connecteur, étant entendu que la coopération de
I'extension et de I'élément saillant tire le connecteur
jusque dans la premiére position et maintient le con-
necteur dans la position d’accouplement complet.

Systeme selon la revendication 6, étant entendu que
soit I'extension, soit I'élément saillant comporte une
partie arrondie qui vient se disposer dans un creux
formé dans l'autre composant parmi I'extension et
I'élément saillant lorsque le connecteur atteint la po-
sition d’accouplement complet.

Systeme selon la revendication 6, étant entendu que
I'extension est un bras allongé.

Systeme selon la revendication 1, étant entendu que
la sonde comprend par ailleurs un cinquiéme et un
sixieme contact électrique, et que le connecteur
comprend un septiéme et un huiti€me contact élec-
trique qui s’accouplentavec les cinquieme et sixieme
contacts électriques respectifs lorsque la sonde et
le connecteur sont accouplés.

Systeme selon la revendication 9, comprenant par
ailleurs une deuxiéme et une troisieme garniture
électriquement isolante montée sur une surface de
lasonde ou du connecteur de sorte que les deuxiéme
et troisieme garnitures électriquement isolantes en-
cerclent les cinquiéme et sixieme contacts électri-
ques respectifs ou les quatrieme et sixieme contacts
électriques respectifs.

Systeme selon la revendication 1, comprenant par
ailleurs un dispositif de temporisation des émissions
acoustiques couplé communicant a I'émetteur, étant
entendu que le dispositif de temporisation des émis-
sions acoustiques régule la temporisation des im-
pulsions d’énergie acoustique.

Systeme selon la revendication 11, comprenant par
ailleurs un circuit a gain variant dans le temps couplé
communicant au réseau de transducteurs en vue de
compenser I'affaiblissement de I'énergie acoustique
regue par le réseau de transducteurs, et un conver-
tisseur analogique-numérique couplé communicant
au circuit a gain variant dans le temps.

Systeme selon la revendication 11, comprenant par
ailleurs un amplificateur de réception couplé com-
municant au réseau de transducteurs, étant entendu
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que 'amplificateur de réception amplifie la sortie du
réseau de transducteurs.

14. Procédé d’exécution d’'un examen par ultrasons,

consistant :

a mettre a disposition une sonde (14b) compre-
nant un boitier (18) et un réseau (20) de trans-
ducteurs positionné a l'intérieur du boitier, étant
entendu que le réseau de transducteurs émet
de I'énergie acoustique et recoit des rétroré-
flexions de I'énergie acoustique ;

a mettre a disposition une unité de base (12) qui
recoit et traite des signaux de sortie de lasonde ;
a mettre a disposition un ensemble a cable sté-
rile (149) comprenant un premier et un deuxie-
me connecteur électrique (148, 151) ;

a connecter amovible a la sonde le premier con-
necteur électrique (148) de 'ensemble a cable,
et

aconnecteramovible al'unité de base le deuxié-
me connecteur électrique (151) de I'ensemble
a cable,

étant entendu que la sonde comprend par ailleurs
un premier et un deuxiéme contact électrique (156),
le premier connecteur électrique comprenant un troi-
siéme et un quatrieme contact électrique (157) qui
s’accouplent avec les premier et deuxiéme contacts
électriques respectifs lorsque la sonde et le connec-
teur sont connectés, et une garniture compressible
et électriquement isolante (70) montée sur la sonde
ou sur le connecteur de sorte que la garniture en-
cercle les premier et troisieme contacts électriques
ou les deuxiéme et quatrieme contacts électriques
lorsque la sonde et le connecteur sont connectés,
et montée de sorte que la garniture (70) soit en con-
tact avec, et pivote contre, une surface d’accouple-
ment (160, 161), respectivement, de la sonde (14b)
ou du connecteur (148) pendant I'accouplement de
la sonde (14b) avec le connecteur (148).
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