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7) ABSTRACT

A finger mounted acoustic sensor. Various embodiments of
the finger mounted acoustic sensors include sensors
mounted within a casing designed to fit between fingers. The
sensor may be rotated with respect to the casing. Other
embodiments include mounting tubes for wearing on a
finger. Sensors are embedded in the tube and on the rings
such that they are easily positioned using technician’s fin-
gers. Other embodiments include rings for mounting sensors
on and for steadying the sensors. The hand and finger
mounted sensors may be used to provide necessary pressure
to the sensor and yet provide a sensor that may be manipu-
lated using hand and finger motion. In other embodiments
sensors having a local disconnect are disclosed. Such dis-
connects may be attached to the clothing of a medical
professional, attached via a wrist or armband or the like.
Various sensor packages may be accompanied by the use of
a flat or flex cable to minimize the torque necessary to
manipulate the sensor. Such sensors can be used with a
ultrasound platform for generating, processing and display-
ing ultrasound images.
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ACOUSTIC MEDICAL SENSOR FOR
ULTRASOUND IMAGING

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application is a continuation-in-part of U.S.
patent application Ser. No. 10/724,382 entitled “Immersible
Ultrasound Probe and Cable,” filed Nov. 26, 2003, which
claims priority to and the benefit of U.S. Provisional Patent
Application No. 60/429,614 entitled “Steam Autoclavable
Ultrasound Probe Connector,” filed Nov. 27, 2002, the entire
contents of both of which are incorporated by reference
herein.

FIELD OF THE INVENTION

[0002] The present invention is generally directed to medi-
cal imaging sensors and more particularly to hand held
acoustic sensors that are used to provide physiological data
to electronic medical systems. Such hand held acoustic
sensors may be sterilized through immersion in a disinfect-
ing liquid and/or steam autoclaving.

BACKGROUND

[0003] Acoustic sensors, hereinafter “acoustic sensor”,
“sensor” or “sensor array”, are commonly ultrasonic sensors
and are widely used for diagnosis and medical testing,
imaging in invasive procedures, body cavity imaging, use in
a cannula, laparascopic procedures and the like.

[0004] Acoustic sensors have tended to be large bulky and
difficult to manipulate. A bulky sensor may make it difficult
to maneuver and hence difficult to image the correct tissue
plane. Making a sensor smaller however may lead to diffi-
culty in trying to manipulate, maneuver and position the
sensor and may be difficult to apply sufficient pressure, in
order to achieve a proper acoustic coupling.

[0005] Studies have shown that medical professionals,
when using acoustic sensors, commonly manipulate them by
creating a stable positioning of the sensor by applying
pressure without moving it. Once a stable positioning of the
sensor is achieved the medical professionals will then com-
monly focus on the area of interest by using small move-
ments. Although large sensors are convenient for applying
pressure, they tend to be inconvenient for producing small
fine movements. The movement of sensors may also be
inhibited by the drag of a cable, which attaches a sensor to
an imaging system. Such a cable may also impart a torque
to the sensor, as it drags behind, making precise manipula-
tion difficult.

[0006] Additionally gripping large sensor with enough
pressure to hold them steady may produce hand strain.
Another difficulty with sensors is that they may be incon-
venient to use. That is, when a sensor is needed for imaging,
the sensor must be located. Once the sensor has been used
it must be put away so as not to occupy a hand unnecessarily
or have the leads coupling the sensor to the imaging equip-
ment get in the way. Accordingly there may be a trade off
between having a sensor readily available for use, and being
in the way when the sensor is not in use. There is a need in
the art for sensors, which are easier to manipulate and
position, as well as sensors that do not cause undue strain in
gripping. Additionally there is a need for sensors that are
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readily available for use by medical professionals, but are
easily made unobtrusive when not in use.

[0007] Sensors, because of their electronic components
and other reasons, may not be sterilizable by all sterilization
techniques. Methods of making sensors more susceptible to
sterilization methods are needed.

[0008] Accordingly there is a need in the art for sensors
having improved packaging, design and human machine
interfaces.

SUMMARY OF THE INVENTION

[0009] Exemplary embodiments of the present invention
provide acoustic sensors, which may be manipulated using
a medical professional’s fingers, and may be used to apply
sufficient pressure that a sufficient acoustic coupling may be
achieved.

[0010] One embodiment comprises a hand held acoustic
sensor apparatus having an hourglass shaped sensor casing.
The sensor casing has a top end and a bottom end, with an
acoustic sensor mounted at the bottom end of the sensor
casing, and a orientation indicator coupled to the top end of
the sensor casing such that the orientation indicator indicates
the position of the sensor.

[0011] Another embodiment of the invention comprises a
hand held acoustic sensor apparatus. The apparatus includes
a ring sized to fit on a finger, a track disposed within the
circumference of the ring, and a sensor disposed in the track
such that the sensor may be rotated with respect to the tract.

[0012] Still another embodiment comprises a hand held
acoustic sensor apparatus including a fingertip shaped exten-
sion. The apparatus also includes a sensor disposed within
the fingertip shaped extension, a circular-gripping element
that grips a finger; and a lateral member that couples the
fingertip shaped extension to the circular gripping element.

[0013] In another embodiment a local disconnect may be
used to couple a sensor to a tether cable that couples the
sensor to an imaging machine. The local disconnect provides
not only a way for disconnecting the cable from the sensor,
which may be worn by the medical professional, but also a
strain relief preventing a long tether cable from imparting
torque to the sensor and making it difficult to manipulate.

[0014] In still other embodiments a flat cable such as a
ribbon cable or a flexible circuit cable may be used to couple
a sensor to a cable that couples the sensor to an imaging
machine.

[0015] A further embodiment comprises a hand held
acoustic sensor apparatus having a finger sleeve for gripping
a finger. The apparatus also includes a hinge disposed at one
end of the finger sleeve, a “U” bracket coupled to the hinge
at the upper end; and a sensor coupled to the lower end of
the “U” bracket.

[0016] Yet a further embodiment comprises a hand held
acoustic sensor apparatus including a closed end tube,
having an open end for the insertion of a finger. The
apparatus also includes a sensor disposed in the circumfer-
ence of the tube proximate to the closed end of the tube and
a ring. The ring is disposed such that the circumference of
the ring is coupled to the circumference of the tube, such that
a finger disposed in the ring is essentially parallel to a finger
disposed within the tube.
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[0017] Still yet another embodiment comprises a hand
held acoustic sensor apparatus having an oval shaped
pocket. The apparatus also includes an open end and a closed
end, the pocket being of sufficient size to house two fingers
disposed therein and a sensor disposed on the surface of the
pocket.

[0018] Yet another embodiment of the invention com-
prises a hand held acoustic sensor apparatus including a
sensor mount having a flat side. The apparatus also includes
a ring, for containing a finger, coupled to the sensor mount.
The sensor mount is positioned such that it may be made
essentially parallel to a palm of a hand wearing the ring. A
plurality of sensors are disposed on the flat side of the sensor
mount such that a line connecting the sensors form a forty
five degree angle with a finger disposed within the ring.

[0019] Still yet another embodiment comprises a hand
held acoustic sensor apparatus including a finger sleeve for
wearing on a finger. The apparatus also includes a slot in
finger sleeve, a slidable member disposed such that the
slidable member has interference fit within the finger sleeve
and a sensor disposed at an end of the slidable member such
that the sensor extends beyond the finger.

[0020] A still further embodiment comprises a hand held
acoustic sensor apparatus includes a sensor mount having a
sensor coupled to the mount. The apparatus also includes a
slot disposed in the sensor mount and a rubber band disposed
in the sensor mount slot.

[0021] Another embodiment comprises a hand held acous-
tic sensor apparatus that includes a glove having a plurality
of snap attachments by which sensors may be attached. The
apparatus includes a cable electrically coupled to the snap
attachments and a sensor that attaches to at least one of the
plurality of snap attachments and makes an electrical con-
nection to the cable.

[0022] Still another embodiment comprises a hand held
acoustic sensor apparatus includes a tube having a closed
end and an open end for receiving a finger. The apparatus
includes a guide tube having both ends open and attached in
parallel to the tube having one closed end and a sensor
disposed on the closed end of the tube.

[0023] 1In yet a further embodiment of the invention a
sensor is mounted at the end of a tube that is worn over a
finger. The tube includes a first portion that covers the first
joint of the finger and is rigid. The sensor is disposed within
the rigid first portion of the tube. The tube also comprises a
second flexible portion, coupled to the first rigid portion. The
second portion provides a secure interference fit with the
finger, yet allows joints of the finger to freely bend, thereby
providing increased mobility over a rigid tube.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Features, aspects, and advantages of the present
invention will be better understood with regard to the
following description and accompanying drawings, in
which:

[0025] FIG. 1 is a medical ultrasound system, which
includes a finger mounted probe and a sterilizable probe
connector in an exemplary embodiment according to the
present invention;
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[0026] FIGS. 2A-2E illustrate first through fifth exem-
plary embodiments of probe and cable assemblies according
to the present invention;

[0027] FIG. 3 is a PCB assembly of the fifth exemplary
embodiment of the present invention;

[0028] FIGS. 4A-4C illustrate a sterilizable connector in
exemplary embodiments of the present invention;

[0029] FIGS. 5A-5E illustrate finger mounted probes in
exemplary embodiments of the present invention;

[0030] FIGS. 6A-6C illustrate finger mounted probes in
one exemplary embodiment of the present invention;

[0031] FIGS. 7A-7B illustrate connection between a wrist
connector and a cable connector in an exemplary embodi-
ment of the present invention,

[0032] FIGS. 8A-8C illustrate a process of mounting a
sterilizable connector to an adapter in an exemplary embodi-
ment of the present invention,

[0033] FIG.9is an exploded view of the adapter of FIGS.
8A-8C;
[0034] FIGS. 10A-10B illustrate a cross sectional side

view of the process of mounting the sterilizable connector to
the adapter of FIGS. 8A-8C;

[0035] FIG. 11 illustrates a connector assembly in an
exemplary embodiment according to the present invention,
where a sterilizable connector electrically interfaces with a
standard ultrasound equipment connector via a mating con-
nector;

[0036] FIG. 12 is a mating surface view of the sterilizable
connector of FIG, 11,

[0037] FIG. 13 is a cross-sectional view of the sterilizable
connector of FIG. 11;

[0038] FIG. 14 illustrates a connector assembly in another
exemplary embodiment according to the present invention,
where a sterilizable connector electrically interfaces with a
standard ultrasound equipment connector via a mating con-
nector;

[0039] FIG. 15 illustrates an anisotropic conducting pad
that interfaces between the sterilizable connector and mating
connector of FIG. 14;

[0040] FIG. 16 is a graphic illustration of the environment
in which embodiments of the present invention may be
found;

[0041] FIG. 17 is a graphic illustration of an acoustic
sensor that may be held between two fingers;

[0042] FIG. 18A is a graphic illustration of an acoustic
sensor that may be rotatably worn on a finger;

[0043] FIG. 18B is a graphic illustration of a local con-
nection mechanism as may be used to provide a local
disconnect for a finger worn sensor;

[0044] FIG. 19A is a graphic illustration of an acoustic
sensor that may be extensibly worn on a finger;

[0045] FIG. 19B enclosures that may be used with finger
mounted acoustic sensors in order to enhance the ability to
use the sensor 1n a sterile environment;
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[0046] FIG. 20 is a graphic illustration of a flip up
acoustic sensor designed to worn on a finger;

[0047] FIG. 21 is a graphic illustration of an acoustic
sensor designed to be worn on a finger, having a guidance
attachment on an adjoining finger;

[0048] FIG. 22 is a graphic illustration of an acoustic
sensor that may be worn over two fingers;

[0049] FIG. 23 is a graphic illustration of an acoustic
sensor array that may be worn on one finger;

[0050] FIG. 24 is a graphic illustration of an extensible
acoustic sensor that may be worn on one finger;

[0051] FIG. 25 is a graphic illustration of an acoustic
sensor that may be secured to a hand by an adjustable elastic
band;

[0052] FIG. 26 is a graphic illustration of a snap on
acoustic sensor that may be attached to various points on a
glove;

[0053] FIG. 27 is a graphic illustration of an acoustic
sensor, having an integral needle guide, which may be worn
on a finger; and

[0054] FIG. 28 is a graphic illustration of a single finger
mounted acoustic sensor.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

[0055] FIG.1is asystem diagram of a medical ultrasound
system 10 in an exemplary embodiment of the present
invention. The medical ultrasound system 10 includes an
ultrasound platform 12, which provides a user (e.g., a
medical technician) with capabilities to generate, process
and display ultrasound images using a probe (also referred
to as a probe head or an autoclavable probe) 18. The probe
18 includes a sensor assembly (e.g., a transducer assembly)
for taking ultrasound images. For example, the probe 18
may be a sterilizable finger mounted probe, and may include
an array of ultrasound sensors for ultrasound imaging.

[0056] The probe 18 is coupled to the platform 12 via a
cable 16 and a connector assembly 14. The cable 16 should
be a multi-wire cable that can carry multiple signals at the
same time. The connector assembly 14 includes a steriliz-
able connector, which may be a large pin count, low inser-
tion force, steam autoclavable connector suitable for medi-
cal ultrasound applications.

[0057] The probe 18 may be sterilized, for example,
through immersion in a disinfecting liquid and/or steam
autoclaving. The sterilizable connector may also be steril-
ized in a similar manner. The disinfecting liquid, for
example, may include Glutaraldehyde (Cidex) and/or Clo-
rohexidine-gluconate solutions. During steam autoclaving,
for example, the probe and the attached connector may be
exposed to 206.8 Kpa (kilopascal) (or 30 psi (pound per
square inch)) steam for 15 minutes.

[0058] The connector assembly 14 also includes an
adapter assembly. The adapter assembly includes a connec-
tor (also referred to as a mating connector) to be mated to the
sterilizable connector and a connector (also referred to as a
standard connector) to be mated to the ultrasound platform
(i.e., a standard connector). The standard connector, for
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example, can mate to a connector of a standard medical
ultrasound system, such that the sterilizable connector of the
present invention can be used with conventional medical
ultrasound systems. Otherwise, the sterilizable probe
attached to the sterilizable connector may not be compatible
with existing commercial medical ultrasound systems, thus
limiting marketability thereof. The standard connector may
be any common ultrasound connector including, but not
limited to, DL series of Zero Insertion Force (ZIF) connec-
tors available from ITT Cannon. In other embodiments, the
connector assembly 14 may not include an adapter assem-
bly; instead, the sterilizable connector may connect directly
with a mating connector on the ultrasound platform 12.

[0059] FIG. 2A-2E illustrate exemplary embodiments of
a probe and cable. In each of these exemplary embodiments,
the probe is used to provide high frequency sound waves
(i.e., ultrasound), which are coupled to an imaging subject
across an acoustic seal. The acoustic seal may include a
sound conductive gel, which couples the sound waves
between the probe and the imaging subject.

[0060] While each of FIGS. 2A-2E illustrates an open-
ended finger type probe, in practice, the probes can be
close-ended or open-nail ended (in which only the finger nail
portion of the probe is open ended), and/or any other suitable
probes that are sterilizable through immersion and/or steam
autoclaving. In one exemplary embodiment, for example,
the probes should withstand at least 1,000 cleaning and
sterilization cycles without substantial degradation in per-
formance.

[0061] FIG. 2A illustrates a first exemplary embodiment
of a probe and cable assembly 20 in accordance with the
present invention. A probe 22 is coupled via a cable 24 to a
wrist connector 28 on a cuff mount 25, which can be worn
on a wrist of the user. The probe 22, the cable 24, the cuff
mount 25 and the wrist connector 28 are immersible in a
disinfecting liquid (e.g., Glutaraldehyde (Cidex) and/or Clo-
rohexidine-gluconate solutions) and/or steam autoclavable
for sterilization. The probe 22, for example, is a finger
mounted probe. The cable 24, for example, may be formed
from a flexible planar circuit.

[0062] The wrist connector 28 can be detachably con-
nected to an ultrasound platform using a cable 30. The cable
30 has a connector 29 for coupling with the wrist connector
28 and a connector 32 for connecting to the ultrasound
platform. Since the cable 30 is detachable from the cuff
mount 25, the wrist connector 28, the cable 24, and the probe
22, which together may be referred as an immersible probe
assembly, the cable 30 is not necessarily sterilizable, e.g.,
through immersion or steam autoclaving.

[0063] The probe 22 can perhaps be better described in
reference to FIG. SA. The probe 22 has a generally cylin-
drical finger mount 144, which is shaped for wearing on a
finger of the user in much the same manner as aring. In order
to allow different users having different finger sizes to wear
a same-sized probe 22, a finger cot 140 that may have
varying sizes and thicknesses can be worn over the user’s
finger first prior to wearing the finger mount 144. The probe
22 also has formed thereon a sensor housing 142 for
mounting a sensor assembly therein. Probes in the exem-
plary embodiments of FIGS. 2C-2E may also have a
configuration that is substantially the same as the configu-
ration of probe 22.
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[0064] In one exemplary embodiment, the sensor assem-
bly, for example, may include an array of 96 sensors (i.e.,
transducers) having a pitch of about 4 mils (i.e., approxi-
mately 101.6 micro meters), an elevation focus of 35 mili-
meter (mm) radius and an elevation of 6 mm. The sensor
assembly may be for operation at 5 mega Hertz (MHz) or 7.5
MHz, or any other suitable frequency. The acoustic fre-
quency may be 6+ MHz with a -6 dB bandwidth greater
than 40%. The impedance of the sensor array may be
between approximately 400 and approximately 700 ohms
over approximately 4.5 to approximately 9 MHz.

[0065] FIG. 6A illustrates a probe 200 that can be used
instead of the probe 22 or the probes in FIGS. 2C-2E. The
probe 200 has an outer housing 202, which has a hemi-
spherical tip 203 and a generally cylindrical section 204. The
hemispherical tip 203 and the generally cylindrical section
204 define an elongated cavity through which a finger of a
user can be inserted. The open end of the generally cylin-
drical section 204 has a circular cross-section whose radius
is larger than that of the circular cross-section of the end
abutting the hemispherical tip 203.

[0066] On the outer surface of the generally cylindrical
section 204 is formed thereon a sensor housing 206 for
mounting a sensor therein. The sensor housing 206 has a
substantially rectangular block shape, and has an opening
207 at the bottom (i.e., side opposite the side attached to the
cylindrical section 204) for emitting ultrasound waves, and
for sensing the reflected ultrasound waves for imaging. A
finger cot 205 having various different sizes and thicknesses
may be worn on the finger before wearing the probe 200,
such that users having various different finger sizes may use
a one-size-fits-all probe.

[0067] FIGS. 6B and 6C illustrate, respectively, a cross-
sectional view of the probe 200 and the components inside
the outer housing 202 of the probe 200. The flexible circuit
208 has attached at the probe end a bow-shaped flexible
circuit section 209 that wraps about half way around the
inner housing 211. The flexible circuit 208 may also include
two overlaid flexible circuits that are substantially parallel to
each other. Each of the two overlaid flexible circuits may
include the bow-shaped flexible circuit, which together may
wrap around the inner housing 211 with a cross-section of an
ellipse or a circle.

[0068] The inner housing 211 has attached thereto two
brackets 210 and 212 for holding the sensor assembly 214.
The brackets 210, 212 and the sensor assembly 214 are
substantially contained inside the sensor housing 206. The
sensor housing 206 has the opening 207 at the bottom for
exposing the sensor array of the sensor assembly 214 for
ultrasound imaging. The inner and outer housings should be
sealed together such that moisture cannot enter between the
inner and outer housings during sterilization (e.g., immer-
sion in a disinfecting liquid and/or steam autoclaving). The
sensor housing 206 should also be sealed to prevent mois-
ture from entering the housing 200 between the opening 207
and the sensor assembly 214. The sensor housing 206, for
example, may be sealed by suitable adhesive and/or through
overmolding the assembly.

[0069] FIGS. 5A to 6C illustrate finger probes having
non-rotated sensor arrays. In other words, the sensor array is
pointing straight down, where its surface is substantially
parallel to the surface of the finger portion on which the
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finger probe is mounted. In other embodiments, the sensor
array may be constructed so as to face forward or backward
by angles of 10 degrees, 20 degrees, and so on. Using a
finger probe with a rotated sensor array, portions of a human
body can be imaged at a different angle without re-orienting
the finger wearing the finger probe.

[0070] FIG. 2B illustrates a second exemplary embodi-
ment of a probe and cable assembly 40 in accordance with
the present invention. A probe 42 is coupled via a cable 46
to a sterilizable connector 48. The sterilizable connector 48
interfaces with a cable 52 via a connector 50. At the other
end of the cable 52 is a connector 54, which may be a
standard connector for connecting to a ultrasound medical
platform. The probe 42, for example, is a finger mounted
probe. The probe 42, the cable 46 and the connector 48 are
sterilizable, for example, through immersion in a disinfect-
ing liquid (e.g., Glutaraldehyde (Cidex) and/or Clorohexi-
dine-gluconate solutions) and/or steam autoclaving. The
cable 52 and its connectors 50 and 54 can be detached from
the sterilizable connector 48, and are not necessarily steril-
izable.

[0071] The sterilizable connector 48 may be mounted on
a belt or at the back of a user such that the user can easily
unplug the immersible sub-assembly including the probe 42,
the cable 46 and the sterilizable connector 48 from the cable
52, and at the same time not be encumbered by the loose end
of the cable 46. The probe 42 may be attached to the cable
46 via a molded finger probe strain reliever such that the
electrical connection between the probe 42 and the cable 46
is not damaged through the strain between the probe 42 and
the cable 46.

[0072] The probe 42 can perhaps be better described in
reference to FIG. 5B. The probe 42 has a generally cylin-
drical finger mount 154, which is shaped for wearing on a
finger of the user in much the same manner as a ring. In order
to allow different users having different finger sizes to wear
a same-sized probe 42, a finger cot 150 that may have
varying sizes and thicknesses can be worn over the user’s
finger first prior to wearing the finger mount 154. The probe
42 also has formed thereon a sensor housing 152 for
mounting a sensor assembly therein. Unlike the probe 22 of
FIG. 5A, the probe 42 has integrated (e.g., through molding)
to the finger mount 154 a strain reliever 156, which is used
to relieve strain in the electrical connections between the
probe 42 and the cable 46. Similar strain relievers may also
be used with the probe 22 and other probes.

[0073] FIG. 2C illustrates a third exemplary embodiment
of a probe and cable assembly 60 in accordance with the
present invention. A probe 62 is coupled via a cable 64 to a
wrist connector 68 on a cuff mount 65, which can be worn
on a wrist of the user. The probe 62, the cable 64, the cuff
mount 65 and the wrist connector 68 are immersible in a
disinfecting liquid (e.g., Glutaraldehyde (Cidex) and/or Clo-
rohexidine-gluconate solutions) and/or steam autoclavable
for sterilization. The probe 62, for example, is a finger
mounted probe. The cable 64, for example, may be formed
from a flexible planar circuit.

[0074] The wrist connector 68 can be detachably con-
nected to an ultrasound platform using a cable 70. The cable
70 has a connector 69 for coupling with the wrist connector
68 and a connector 72 for connecting to the ultrasound
platform through an adapter 74. Since the cable 70 is
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detachable from the cuff mount 65, the wrist connector 68,
the cable 64, and the probe 62, which together may be
referred as an immersible probe assembly, the cable 70 is not
necessarily sterilizable, e.g., through immersion and/or
steam autoclaving. However, as the cable 70 is electrically
connected to the ultrasound platform through the adapter 74,
the connector 72 is not necessarily a standard ultrasound
equipment connector, and can be a steam autoclavable
connector. Therefore, the cable 70 and its connectors 69 and
72 may also be sterilizable through immersion in a disin-
fecting liquid and/or steam autoclaving.

[0075] FIG. 2D illustrates a fourth exemplary embodi-
ment of a probe and cable assembly 80 in accordance with
the present invention. A probe 82 is coupled via a cable 84
to a wrist connector 88 on a cuff mount 85, which can be
worn on a wrist of the user. The probe 82, the cable 84, the
cuff mount 85 and the wrist connector 88 are immersible in
a disinfecting liquid (e.g., Glutaraldehyde (Cidex) and/or
Clorohexidine-gluconate solutions) and/or steam autoclav-
able for sterilization. The probe 82, for example, is a finger
mounted probe. The cable 84, for example, may be formed
from a flexible planar circuit.

[0076] The wrist connector 88 can be detachably con-
nected to an ultrasound platform through cables 90 and 96.
The cable 90 has a connector 89 for coupling with the wrist
connector 88 and a connector 92 for connecting to the
ultrasound platform through the cable 96. The cable 96 has
a connector 98 (e.g., a standard ultrasound equipment con-
nector) for electrically connecting to the ultrasound plat-
form, and a connector 94 for connecting With the connector
92 of the cable 90.

[0077] Since the cables 90 and 96 are detachable from the
cuff mount 85, the wrist connector 88, the cable 84, and the
probe 82, which together may be referred as an immersible
probe assembly, the cables 90 and 96 are not necessarily
sterilizable, e.g., through immersion and/or steam autoclav-
ing. However, as the cable 90 is electrically connected to the
ultrasound platform through the detachable cable 96, the
connector 92 is not necessarily a standard ultrasound equip-
ment connector, and can be a steam autoclavable connector.
Therefore, the cable 90 and its connectors 89 and 92 may
also be sterilizable through immersion in a disinfecting
liquid and/or steam autoclaving.

[0078] FIG. 2E illustrates a fifth exemplary embodiment
of probe and cable assembly 100 in accordance with the
present invention. The probe and cable assembly 100 is
similar in configuration as the probe and cable assembly 60
of FIG. 2C, except that the probe and cable assembly 100
does not have a wrist connector and it is made of a single
immersible probe assembly whose components cannot be
easily detached from each other. Also, a probe 102 is shown
without a removable finger cot for inserting a finger fittably
into the probe. In addition, the probe 102 shows a sensor
housing 104 for holding a sensor assembly, which is
attached thereto. In practice, all the probes of FIGS. 2A-2D
each have a similar sensor housing.

[0079] The probe 102 is coupled via a cable 106 to a
printed circuit board (PCB) assembly 108. The PCB assem-
bly 108 is connected to a sterilizable connector 112 via a
cable 110. Since the PCB assembly 108 is not readily
detachable from the cable 110 in the fifth exemplary
embodiment, all of the probe 102, the cable 106, the PCB
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assembly 108, the cable 110 and the connector 112 are
immersible in a disinfecting liquid (e.g., Glutaraldehyde
(Cidex) and/or Clorohexidine-gluconate solutions) and/or
steam autoclavable for sterilization. The cable 106, for
example, may be formed from a flexible planar circuit. Since
the connector 112 is not a standard ultrasound equipment
connector, it interfaces with an ultrasound platform via an
adapter (or alternatively, via another cable).

[0080] FIG. 5C-5E show the probe 102 of the probe and
cable assembly 100 of FIG. 2E. The probe 102 may be
substantially the same as the probe 22 of FIG. 5A, and may
also be used in the exemplary embodiments of FIGS. 2A,
2C and 2D. The probe 102 has a generally cylindrical outer
housing 103 and the sensor housing 104 attached thereto. A
sensor assembly 117 is mounted inside the sensor housing
104. The sensor assembly 117 has a generally rectangular
cross-section, and has at its bottom surface a sensor array
119 (ie., transducer array) for ultrasound imaging. The
sensor housing 104 has a generally rectangular opening for
allowing the sensor array 119 to be exposed.

[0081] Disposed within the outer housing 103 is an inner
housing 111. The inner housing 111 also has a generally
cylindrical shape, and fits substantially tightly within the
outer housing 103. The inner housing 111 has attached
thereto brackets 116 and 118 for holding the sensor assembly
117. The brackets 116 and 118 as well as the sensor assembly
117 fit substantially within the sensor housing 104.

[0082] The inner and outer housings should be sealed
together such that moisture cannot enter between the inner
and outer housings during sterilization (e.g., immersion in a
disinfecting liquid and/or steam autoclaving). Further, the
sensor housing 104 should be sealed such that moisture does
not enter into the housing between the sensor assembly 117
and the periphery of the opening at the bottom. The probes
22 and 42 of FIGS. 2A, 5A, 2B, 5B, respectively, should be
sealed in a similar manner.

[0083] As shown in FIG. SE, the flexible circuit 106
includes two flat flexible circuits 112 and 114 that are
substantially parallel to each other. The flexible circuit 112
is overlaid on top of the flexible circuit 114 through most of
the length of the flexible circuit 106. One end of the flexible
circuit 106 is terminated to a PCB 120 as shown in FIG. 3.
The other end of the flexible circuit 106 has attached thereto
a pair of bow-shaped flexible circuit sections 113 and 115.
The two flexible circuit sections 113 and 115 together form
an elliptical section that fits between the inner housing 111
and the outer housing 103. The flexible circuit section 113 at
its top end is electrically connected to the flexible circuit
114, whereas the flexible circuit section 115 at its top end is
electrically connected to the flexible circuit 112. Both the
flexible circuit sections 113 and 115 terminate at the sensor
assembly 117 at their respective bottom ends.

[0084] In other embodiments, the probe inner/outer hous-
ing may have various different shapes suitable for mounting
on a finger. For example, the inner and/or outer housing may
not encircle the finger completely, but may only partially
envelope the finger with an opening at the top. The inner
and/or outer housing may also envelope the end of the finger
similar to the probe 200 of FIGS. 6A-6C, except for an
opening near its front edge to expose only a finger nail
portion (or a part thereof) of the finger.

[0085] FIG. 3 illustrates the PCB assembly 108 of FIG.
2E. The PCB assembly 108 includes a PCB 120 (shown in
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phantom lines) encased in a PCB housing 126. The PCB
assembly 108 may also be referred to as a wrist adapter, and
the PCB housing 126 may be referred to as a wrist adapter
over mold. The cable 106 is electrically coupled to the PCB
120 at terminations 122 (shown in phantom lines), whereas
the cable 110 is electrically coupled to the PCB 120 at
terminations 124 (shown in phantom lines). This way, elec-
trical connections can be made between the cables 106 and
110. The PCB housing 126 also has strain relievers 127 and
128 formed thereon for engaging the ends of the cables 106
and 110, respectively, so as to relieve strain to the electrical
connections between the PCB 120 and the cables 106 and
110.

[0086] FIG. 4A is a perspective view of the sterilizable
connector 112 at the other end of the cable 110. The
sterilizable connector 112 can be sterilized through steam
autoclaving. In other embodiments, the sterilizable connec-
tor 112 may be sterilized through immersion, for example, in
a disinfecting liquid. As can bee seen in FIGS. 4A-C, the
sterilizable connector 112 has a connector housing 130 for
fixedly holding a flexible circuit 131 and a flexible circuit
support 132. The connector housing 130 also has formed
thereon a strain reliever 135 for relieving strain in electrical
connections between the flexible circuit 131 and the cable
110.

[0087] The flexible circuit support 132 is formed of two
support pieces that are substantially perpendicular to one
another. The first (substantially square shaped) support piece
is parallel to the interface surface of the connector 112. The
second (substantially rectangular) support piece is mounted
on the first support piece on the other side of the interface
surface. The support pieces are attached together through
plug-and-hole type connections, pins, or any other suitable
fastening mechanism.

[0088] The flexible circuit 131 may be made of a number
of connected folded portions for wrapping around the first
support piece and covering most of the second support piece
on both sides. For example, the flexible circuit 131 includes
end portions 170 (e.g., overlaid on each side of the second
support picce), a rear surface portion 176 (overlaid on the
rear surface of the first support piece), intermediate portions
172 and 174 (e.g., overlaid on the back surface portion 176),
an upper edge portion 178 and a front surface portion 180
(which forms the interface surface of the connector 112).
The back surface portion 176 of the flexible circuit between
the two support pieces may have holes formed thereon to
allow the two support pieces to be attached together there-
through.

[0089] The connector housing 130 has a generally cubical
shape with one end bigger than the other end. Between the
bigger and smaller ends are concave sections 129 that are
formed for ease of holding by a user for plugging/unplug-
ging the connector to an adapter. The strain reliever 135
extends downward from a bottom surface of the connector
housing 130.

[0090] The bigger end (i.c., an interface surface) of the
connector housing 130 has exposed thereon the front surface
portion 180 of the flexible circuit 131. On the front surface
portion 180 has formed thereon multiple contacts 133 for
electrically interfacing with the contacts on an adapter. In
one exemplary embodiment, there are approximately 200
contacts on the flexible circuit 131. In other exemplary
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embodiments the number of contacts may range from 200 to
500. In still other exemplary embodiments, less than 200 or
more than 500 contacts may be used. The front surface
portion 180 and the contacts 133 formed thereon are sur-
rounded by a frame 139 that encircle the periphery of the
interface surface of the connector housing 130 except for an
opening 137 at the top.

[0091] Left and right edges of the frame 139 are formed as
convex protrusions 134, each of which has a shape of a tip
of a circle formed by cutting the circle with a vertical chord.
Inner edges 136 of the frame 139 that correspond to the
convex protrusions 134 also have a similar shape. An upper
edge of the front surface portion 180 is adjacent to the
opening 137 of the frame 139 at the top of the connector
housing 130. However, a lower edge of the front surface
portion 180 is farther away from the bottom inner edge of
the frame 139, thereby leaving an exposed area 138 of the
interface surface that is not overlaid by the front surface
portion 180. The exposed area 138 has a general shape of an
upside down pentagon (ie., with the tip pointing down),
which has been elongated in a horizontal direction.

[0092] FIGS. 7A and 7B illustrate the wrist connector 28
and the interaction between the wrist connector 28 and the
cable connector 29. The wrist connector 28 can be mounted
on a human arm 26 using the cuff mount 25. The cuff mount
25 is hingedly coupled to the wrist connector 28 such that it
can be opened or closed with respect to the arm 26. In other
embodiments, the wrist connector 28 may be mounted on the
human arm 26 using any other suitable mechanism.
Attached to the cable connector 29 is a strain reliever 220 for
relieving the strain in electrical connections between the
cable connector 29 and the cable 30.

[0093] The wrist connector 28 has a generally rectangular
lower portion 222 coupled to the cuff mount 25 and a
generally circular upper portion 224 that protrudes upward
from the lower portion 222. The wrist connector 29 has
formed thereon a contact surface 226 having a plurality of
contacts 227. On the periphery of the generally circular
portion 224 are non-engaging portions 229 and 233 that are
located at substantially 180 degrees of each other. A curved
engaging protrusion 228 is formed on the periphery portion
adjacent to the non-engaging portion 229. In addition, a
curved engaging protrusion 232 is formed on the periphery
portion adjacent to the non-engaging portion 233. The
curved engaging protrusions 228 and 232 are also located at
substantially 180 degrees of each other. Rotation stops 225
and 238 are also formed on the periphery of the generally
circular portion 224. The rotation stop 225 is aligned with
the flexible circuit 24. The rotation stop 238 is located at
substantially 180 degrees from the rotation stop 225.

[0094] The cable connector 29 has formed thereon a
curved peripheral wall 242 attached adjacently to the strain
reliever 220. The connector 29 has also formed thereon
another curved peripheral wall (not shown) located substan-
tially 180 degrees from the curved peripheral wall 242.
Adjacent to the peripheral wall 242 is a non-walled portion
234. A similar non-walled portion (not shown) is located
substantially 180 degrees from the non-walled portion 234.
On the inside periphery of a portion of the curved peripheral
wall 242 is formed a curved protrusion (not shown). In
addition, there is another curved protrusion located on said
another curved peripheral wall at substantially 180 degrees
from the curved protrusion of the peripheral wall 242.
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[0095] The cable connector 29 has also formed thereon a
contact surface 236 having a plurality of electrical contacts
that are aligned with the electrical contacts 227 of the wrist
connector during normal operation. An anisotropic contact
pad (i.e., z-axis conductive pad) 230 is placed between the
contact surfaces 226 and 236 such that as the contact
surfaces are brought close together, multiple thin parallel
wires between the electrical contacts in the contact pad 230
are deformed (see FIG. 15, for example), and electrical
connections are made between corresponding electrical con-
tacts.

[0096] When the cable connector 29 is initially mounted
on the wrist connector 28, it is at an angle where the cable
is not aligned with the arm 26 of the user. This way, the
curved protrusions on the cable connector 29 are aligned
with the non-engaging portions 229 and 233, respectively, of
the wrist connector 28, and the curved engaging protrusions
228 and 232 on the wrist connector 28, respectively, are
aligned with the portions of the curved peripheral walls of
the cable connector 29 that do not have the curved protru-
sions.

[0097] Upon initial mounting, the cable connector is
rotated to lock with the wrist connector 28. The rotation of
the cable connector 29, for example, may be stopped by the
rotation stops 225 and/or 228. The curved engaging protru-
sions 228 and 232 on the wrist connector 28 and/or the
curved protrusions on the cable connector 29 may be slanted
(e.g., spiraling) such that the cable connector is brought
closer to the wrist connector as the curved protrusions
engage and slide with respect to one another. In other
embodiments, any other suitable locking mechanism may be
used to lock the cable connector 29 to the wrist connector 28.
The wrist connector 28 is immersible in a disinfecting liquid
and/or steam autoclavable such that it can be sterilized.
Steam autoclavable/immersible connectors in other exem-
plary embodiments are discussed below in reference to
FIGS. 11-15.

[0098] FIGS.8A-8C, 9 and 10A-10B illustrate an adapter
400 that interfaces between the steam autoclavable connec-
tor 112 and a ultrasound platform 390. The adapter 400
includes an adapter housing 403, on which a standard
ultrasound equipment connector 413 is mounted for mating
with an equipment connector 401 on the ultrasound platform
390.

[0099] In one exemplary embodiment, the standard ultra-
sound equipment connector 413 (and therefore the adapter
400) is mated with the equipment connector 401 using a
toggle latch assembly 402. The toggle latch assembly 402 is
a standard component on existing ultrasound connectors,
and includes a main shaft 422 that goes through the entire
body of the connector (through the adapter 402 in this case).
At one end is a teardrop shaped handle that may be referred
to as a toggle latch 425. At the other end is a short shaft (not
shown) that goes through the main shaft 422 at substantially
a right angle, thereby forming a cross-shape “key” at the
end.

[0100] In operation, the adapter 400 (including the stan-
dard ultrasound equipment connector 413) is pushed into its
mate (the equipment connector 401) and the cross-shaped
key fits into a slot in the equipment connector 401. As the
main shaft 422 is rotated using the toggle latch 425, the key
engages the equipment connector 401, thereby bringing the
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adapter 400 and the mating connector 401 closer together. At
approximately 90 degrees of rotation, the key locks into
place. To disengage the two mating connectors, the process
is simply reversed.

[0101] The toggle latch assembly described above is
known to those skilled in the art. Those skilled in the art
would also appreciate that the short shaft for forming the
“key” may be replaced by other shaped components, and the
selection of the “key” is based on the type of ultrasound
platform used. In addition, any other mating/locking mecha-
nism known to those skilled in the art may be used instead
of the toggle latch assembly to mate the adapter to the
ultrasound platform as long as such mating/locking mecha-
nism is supported by the ultrasound platform.

[0102] The adapter 400 also includes an alignment frame
404, an adapter probe mate 406, a backing plate 405 and a
shuttle rear plate 411. The adapter probe mate 406 has a
plurality of contacts 410 formed thereon. These contacts 410
correspond to and are for forming electrical connections
with the contacts 133 of the sterilizable connector 112 via an
anisotropic contact pad 408 (i.c., z-axis conductive pad).
The contacts 410 are electrically connected to an adapter
flexible circuit 420 that are electrically connected through
the connector 413 to the equipment connector 401.

[0103] The alignment frame 404 includes a wider opening
424 and a narrower opening 434. The probe mate 406 also
has a corresponding wider region 427 and a narrower region
429. The sides of the wider opening 424 and the wider
region 427 are shaped to match the convex protrusions 134
of the sterilizable connector 112. Therefore, the sterilizable
connector 112 can initially be mated via the contact pad 408
with the wider region 427 of the adapter probe mate 406
through the wider opening 424. The narrower opening 434
has formed along its side peripheries vertical protrusions
440.

[0104] The adapter probe mate 406 is mounted on the
shuttle rear plate 411 through an opening 442 on the adapter
housing 403. The adapter probe mate 406 and the shuttle rear
plate 411 are slidably mounted on the adapter housing 403
such that they can together slide up and down.

[0105] As can be seen in FIG. 8A, the sterilizable con-
nector 112 is first aligned with the wider opening 424 of the
alignment frame 404 and the wider region 427 of the adapter
probe mate 406. Then, as seen in FIGS. 8B and 10A, the
sterilizable connector 112 is mated with the adapter probe
mate 406 via the contact pad 408 through the wider opening
424. The adapter 400 at this point is already mated with the
equipment connector 401 using the toggle latch assembly
402.

[0106] As can be seen in FIGS. 8C and 10B, after the
contact is made, the sterilizable connector 112 is slid down
with respect to the adapter housing 403. Along with the
sterilizable connector, the adapter probe mate 406 and the
shuttle rear plate 411 are also slid down. The alignment
frame 404, however, remains stationary with respect to the
adapter housing 403. Since the narrower opening 434 has
formed along its side peripheries vertical protrusions 440, as
the sterilizable connector 112 is slid down, the convex
protrusions 134 are pinned under the vertical protrusions
440, such that the sterilizable connector 112 is tightly
coupled to the adapter probe mate 406.
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[0107] As the contact surfaces are brought close together,
multiple thin parallel wires between the electrical contacts in
the contact pad 408 are deformed (see FIG. 15, for
example), and electrical connections are made between
corresponding electrical contacts. This way, the contact pad
408 clectrically connects the contacts 133 with the contacts
410.

[0108] FIG. 11 illustrates a connector assembly in an
exemplary embodiment according to the present invention,
where a sterilizable connector 500 interfaces with an adapter
assembly 502, which includes a standard ultrasound equip-
ment connector 514 and a mating connector 510. The
connector assembly of FIG. 11, for example, can be used as
the connector assembly 14 of FIG. 1. Since the adapter
assembly 502 can be coupled and de-coupled with the
sterilizable connector 500, it may not need to be sterilizable.
The sterilizable connector 500 interfaces with the standard
ultrasound equipment connector 514 via the mating connec-
tor 510. The mating connector 510 may also be referred to
as an adapter.

[0109] As discussed above, in other embodiments, the
mating connector 510 may be mounted on the ultrasound
platform instead of interfacing with the standard ultrasound
equipment connector 514. In these embodiments, the ster-
ilizable connector 500 can be connected directly to the
ultrasound platform.

[0110] The sterilizable connector 500 includes multiple
electrical contacts 506 mounted thereon to electrically inter-
face with mating contacts 512 on the mating connector 510.
The sterilizable connector 500 includes a flexible printed
wiring board that is molded into a probe connector housing
504. This provides for an inexpensive and rugged design
that, due to its integrated one-piece design, is autoclavable
(i.¢., steam sterilizable). A cable 508 (also referred to as a
probe connector cable or a probe cable) should also be
sealed at one end to and within the probe connector housing
504 so that steam sterilization does not damage the steril-
izable connector 500 by introducing moisture into it. The
cable 508 should be a multi-wire cable that can conduct
various different signals between the ultrasound platform 12
and the probe 18.

[0111] When electrical connections are made between the
sterilizable connector 500 and the adapter assembly 502,
they are held in place, for example, using a locking mecha-
nism known to those skilled in the art. The locking mecha-
nism may include rotate-and-lock mechanism, slide-and-
lock mechanism and/or any other suitable locking
mechanism for tightly coupling two electrical contact sur-
faces together, and is used to ensure good electrical contacts
between the electrical contacts 506 and the mating contacts
512.

[0112] FIG. 12 illustrates a mating surface view of the
sterilizable connector 500. As scen in FIG. 12, the steriliz-
able connector includes a printed wiring board (i.c., flexible
circuit or printed wiring substrate) 520 molded in the probe
connector housing 504. The printed wiring board 520 has
formed thereon a number of wires 522 (e.g., wire traces) for
carrying various different electrical signals and/or to provide
power and ground. The printed wires 522, for example, are
electrically coupled to the electrical contacts 506.

[0113] As scen in FIG. 13, the sterilizable connector 500
includes the printed wiring board 520, the cable 508, and a
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backing 530 that are molded together in the probe connector
housing 504. The sterilizable connector 500 also includes
contacts 532 for connecting the printed wiring board 520 to
the cable 508.

[0114] The materials used to construct the sterilizable
connector 500 should be selected such that a seamless,
hermetic bond between the components can be formed.
Further, a chemical bond may also be formed between the
components. Such construction should avoid even the small-
est of cracks or seams in which pathogens can survive. The
materials should also be selected such that the probe con-
nector housing 504 will survive repeated autoclaving cycles
without losing its hermetic seal or mechanical integrity. The
probe connector housing 504, for example, may be made of
polymer.

[0115] All external material (for all the probes and con-
nectors of the present invention) that may come into contact
with human body should be FDA certified. Those skilled in
the art would know how to select FDA certified materials
that meet requirements for fabricating the probes and the
sterilizable connectors of the present invention.

[0116] The electrical contacts 506 in the exemplary
embodiment may also be referred to as gold contacts or gold
bumps when it is formed by plating a relatively thick gold
layer over printed wiring (e.g., copper wiring) 522 of the
flexible printed wiring board 520 (i.e., flexible circuit). The
gold contacts are selected for the exemplary embodiment
because of at least the following properties. Pure gold is a
soft, highly conductive and low reactivity metal. The high
conductivity and softness provide for an excellent low
contact force electrical connection. The low reactivity
should ensure that the contact surface will not be adversely
affected by harsh environmental conditions (such as encoun-
tered during autoclaving).

[0117] As discussed above, the autoclavable connector is
realized through the use of gold plated contacts on a unitized
molded connector in the described exemplary embodiment.
Another notable feature of the described exemplary embodi-
ment is the properties of the backing 530 for the flexible
printed wiring board 520. The backing 530 should be
selected to have appropriate compliance to allow motion
between the mating (or contact) surfaces (i.c., electrical
contacts 506 and the mating contacts 512) as the connection
is made. In addition, the backing 530 should provide a spring
force to keep the two surfaces in contact. Further, a relative
motion between the mating surfaces provides a mechanism
for removing contaminants between the mating surfaces,
thereby allowing a reliable electrical connection between the
electrical contacts and the mating contacts.

[0118] FIG. 14 illustrates a connector assembly in another
exemplary embodiment according to the present invention,
where a sterilizable connector 600 interfaces with an adapter
assembly 202, which includes a mating connector 622 and
a standard ultrasound equipment connector (also referred to
as a standard connector) 620. A cable 606 (which may be
multi-wire) is connected to connector sections 604 and 608
of the sterilizable connector 600. In other embodiments, the
connector sections 604 and 608 may be a single integrated
component. The connector assembly of FIG. 14, for
example, may be used as the connector assembly 14 coupled
to the ultrasound platform 12 of FIG. 1.

[0119] As discussed above, in other embodiments, the
mating connector 622 may be mounted on the ultrasound
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platform instead of interfacing with the standard ultrasound
equipment connector 620. In these embodiments, the ster-
ilizable connector 600 can be connected directly to the
ultrasound platform.

[0120] The connector assembly of FIG. 14 may be said to
incorporate a “contact pad” design, in which anisotropic
conducting contact pads (i.e., z-axis conductive pads) 614,
616 (also referred to as contact pads) are used, respectively,
to make the electrical connection between sterilizable con-
nector’s contacts 610, 612 and mating connector’s contacts
624, 626. Using the “contact pad” design, the connector
contacts can be made out of a hard, electrically conductive
material and yet have reliable electrical connection using
relatively low forces to mate the connectors. Use of the
“contact pad” design, therefore should provide a significant
increase in connector lifetime. In addition, using removable
contact pads may simplify cleaning of the adapter assembly
602 since the contact pads 614 and 616 may be disposable.
Further, the contact pads 614 and 616 are deformable, and
should be able to provide the contaminant removing
mechanical motion and spring force.

[0121] When electrical connections are made between the
sterilizable connector 600 and the adapter assembly 602,
they are held in place, for example, using a locking mecha-
nism known to those skilled in the art. The locking mecha-
nism may include rotate-and-lock mechanism, slide-and-
lock mechanism and/or any other suitable locking
mechanism for tightly coupling two electrical contact sur-
faces together, and is used to ensure good electrical contacts
between the contacts 610 and 624 using the contact pad 614,
and between the contacts 612 and 626 using the contact pad
616.

[0122] FIG. 15 illustrates the anisotropic conducting con-
tact pad 614 that interfaces between the sterilizable connec-
tor 608 and the mating connector 622. The contact pad 616
has substantially the same configuration and usage as the
contact pad 614. As seen in FIG. 15, the contact pad 614
includes multiple thin parallel wires 630 that are imbedded
in a compliant polymer matrix 634. The polymer matrix 634
serves to insulate each wire as well as to provide suitable
compliant mechanical support. The resultant structure
should conduct electrical current in only one direction,
hence the thin parallel wires 630 function as anisotropic
conductors.

[0123] Due to their anisotropic conductive nature, the
contact pads 614 and 616 can be used to connect multiple
sets of contact surfaces without shorting adjacent conductive
contacts. In other words, the polymer matrix 634 prevents
the embedded wires from touching each other so as to
prevent shorts between them. Further, the compression due
to mating forces causes the connecting wires to deform to
deformed wires 632. This motion serves to remove surface
contaminants, thereby permitting a reliable electrical con-
tact. The polymer matrix 634 should be selected such that it
provides the necessary spring force to keep the deformed
wires 632 in constant contact with the electrical contact
surfaces.

[0124] The anisotropic conducting contact pads (or con-
tact pads) are typically used to provide low-insertion-force,
multi-contact connections between high value and/or fragile
electronic components and a mating connector. The advan-
tage of this connector system is the ability to make
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extremely dense, large quantity, reliable, very low force
electrical connections. The anisotropic conducting contact
pads may be disposable. The general use of the anisotropic
conducting contact pads and the selection of suitable poly-
mer matrix are known to those skilled in the art.

[0125] In this exemplary embodiment, the use of the
contact pads allows the use of a hard contact surface
between the two mating connectors. Hard contact surfaces
reduce the scratching and pitting in the contacts seen in
traditional gold contact designs. Such pitting may provide a
safe haven for pathological agents. These agents could be
chemical in nature and hence not be removed by standard
cleaning methods, even though autoclaving would render
them sterile. Though physical contact between the connector
and the body or its fluids would be extremely unlikely, such
chemicals, through normal handling, could be transferred to
and contaminate other parts of the probe which may then be
placed in bodily contact.

[0126] The ‘V’ shape of the sterilizable connector 608
serves to self-center the contact surfaces 610 and 612 (ic.,
electrical contacts) to the contact surfaces 624 and 626 (i.c.,
mating contacts) during mating as well as to provide lateral
as well as normal forces to the contact pads 614 and 616.
The latter is suitable to help with the necessary wire-to-
contact-surface wiping action suitable for removing surface
contaminants.

[0127] The sterilizable connector 600 should have a unit-
ized molded assembly. The materials used to construct the
sterilizable connector 600 should be selected such that a
seamless, hermetic bond between the components can be
formed. Further, a chemical bond between the components
may also be formed. Such construction should avoid even
the smallest of cracks or seams in which pathogens can
survive. The material for the connector sections 604 and 608
should be selected such that they will survive repeated
autoclaving cycles without losing their hermetic seal or
mechanical integrity. The connector sections 604 and 608,
for example, may be made of polymer. All external material
that may come into contact with human body should be FDA
certified. Those skilled in the art would know how to select
FDA certified materials that meet requirements for fabricat-
ing the autoclavable connector of the present invention.

[0128] FIG. 16 is a graphic illustration of an exemplary
environment in which embodiments of the present invention
may be used. In FIG. 16 an imaging subject is selected to be
imaged. A sensor 1105 provides high frequency sound
waves, which are coupled across an acoustic seal. The
acoustic seal commonly comprises a sound conductive gel,
which couples the sound waves between the sensor 1105 and
the subject.

[0129] The sensor 1105 is coupled, via cable 1107, to a
connector 1109A. Connector 1109A is coupled to connector
1109B and further coupled to an interface plug, which plugs
into an imaging system 1115, The imaging system displays
the ultrasonic image on a display 1117. The sensor 1105 is
commonly manually 1119 manipulated by hand to obtain the
most advantageous image.

[0130] In some embodiments of the invention the connec-
tor 1109A may be mounted locally, that is on the body of the
medical professional using the sensor. Such an attachment
may provide a convenient way of detaching from cable 1111,
which might otherwise form an interfering tether when the
sensor 11035 is not in use.
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[0131] FIG. 17 is a graphic illustration of an acoustic
sensor that may be held between two fingers. It is shaped like
an hourglass or a chess piece, and is hereinafter referred to
as the chess piece sensor. Two fingers 1205, as seen in FIG.
17, may sufficiently hold the chess piece sensor 1201. A
common way to hold the chess piece 1201D is to hold it
between the index and second finger as shown at 1209. An
end on view of the chess piece sensor 1201A being held
between two fingers 1205 is illustrated at 1207.

[0132] Although the chess piece sensor commonly may be
held between the index and second finger as shown at 1209.
It is not limited to such. Some practitioners may hold it
between the thumb and index finger, or other fingers. There
are advantages to holding the chess piece sensor in different
positions and also advantages common to all the different
methods of holding the sensor that are common to all
methods, as will be explained below.

[0133] One advantage of the chess piece sensor that is
common to various ways of holding the sensor is that the
sensor may be rotated by a relative motion between the
fingers holding the sensor. Another feature of the chess piece
sensor is that although it may be rotated by relative motion
between the holding fingers, its orientation is clearly visible
by observing the orientation indicator 1203A through
1203C. The orientation indicator visually orients the chess
piece sensor, because that actual imaging sensor 1211 is
positioned at the opposite end of the chess piece from the
orientation indicator, as illustrated at 1207 in FIG. 17. The
chess piece sensor 1201A through 1201D also facilitates
image plane adjustment regardless of hand position, as well
as reducing non-ergonomic stress. In some sensors the
orientation indicator, e.g. 1205B, may be rotated with
respect to the sensor casing e.g. 1201B. The orientation of
the sensor may therefore be changed with respect to a
connector cable 1204.

[0134] The chess piece sensor can be held close to the
finger tips for precise control or may be held near the palm
of the hand, thereby allowing the palm and fingers to steady
the sensor on the subject. In either case, because the sensor
1211 is on the same side of the hand as the medical
professional’s palm, a significant amount of pressure may be
applied without having to grip a large bulky sensor with the
hand.

[0135] The cable 1204 which couples the chess piece
sensor to the imaging electronics may be a flat cable, such
as, but not limited to, a printed circuit flex cable. Such a flat
cable allows more freedom of movement than, for example,
the commonly used coaxial cable.

[0136] FIG. 18A is a graphic illustration of an acoustic
sensor that may be rotatably worn on a finger. The rotatable
sensor comprises a ring 1303 intended to be worn on a finger
as shown at 1301 in FIG. 18A. The ring has a track 1307
disposed concentrically with respect to the ring. The track
1307 provides a track on which the sensor 1303 may rotate.
The track 1307 provides means for coupling the electrical
connections 1309 to the sensor 1303.

[0137] Detents also may be built into the ring 1305 so a
repeatable sensor position can be obtained. The sensor may
rotate as generally shown at 1309. Because of the rotatability
of the sensor with respect to the ring 1305 the sensor may
swing out of the way when not in use, yet is handy for instant
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use when needed. The rotatability of the sensor allows other
activities to be done in a rapid cycle with imaging.

[0138] As with all finger-mounted embodiments they pro-
vide the advantage that the sensor may not be accidentally
dropped. The finger may stay positively engaged with the
sensor without any conscious effort by the wearer.

[0139] FIG. 18B is a graphic illustration of a local con-
nection mechanism as may be used to provide a local
disconnect for a finger worn sensor. In FIG. 18B a finger
mounted sensor 1319 is coupled to a disconnect mechanism
1320 by a local cable 1318. The disconnect mechanism 1320
is mounted locally to the sensor 1319. By locally it is meant
that the disconnect mechanism 1320 may be mounted on the
arm, wrist, shoulder of other part of the body of the medical
professional. Such a local mounting on the body of a
medical professional may allow the medical professional to
disconnect the sensor from the tether cable 1310 used to
couple the sensor 1321 to the imaging system (1115 in FIG.
16, not shown in FIG. 18B). The ability to easily couple the
imaging system to the sensor removes the necessity of
remaining tethered to a cable coupled to the imaging system
when the sensor is not in use in order to have quick access
to the sensor.

[0140] An illustrative disconnect mechanism is shown in
FIG. 18B. A first portion of the disconnect mechanism
1320A comprises a local cable 1318 that is used to couple
the sensor 1319 to the first portion of the disconnect mecha-
nism 1320A. The local cable is coupled to a plug housing
1317. The plug housing has a positive registration 1314 used
to guide the first portion of the disconnect mechanism
1320A into a coupling with the second portion of the
disconnect mechanism 1320B. The plug housing also
includes interconnect pads 1316 to form an electrical con-
nection with a contact array 1311 in order to make electrical
contact with cable 1310, which is coupled to the intercon-
nect pad in the second portion of the disconnect mechanism
1320B. To connect the first portion of the disconnect mecha-
nism 1320A to the second portion of the disconnect mecha-
nism 1320B the interconnect pads 1316 is inserted into a
circuit engagement slot 1315, guided by the positive regis-
tration mechanism 1314 inserted into a negative portion of
a registration mechanism 1313. Once both portions of the
disconnect mechanism are engaged an actuation lever 1312
may be used to lock both portions of the disconnect mecha-
nism in place. Through the use of the disconnect mechanism
1320 the sensor 1319 may be easily tethered and untethered
from the imaging system. Accordingly an imaging sensor
may be maintained handily maintained disposed on a finger
and yet, when not in use the sensor may be conveniently
untethered through the use of a locally (on the body of the
medical professional) disconnect mechanism. Such an abil-
ity to maintain the sensor on a finger, where it may be easily
and accurately manipulated, and to untether the sensor
quickly and easily may provide readily available, yet unob-
trusive, access to the sensor for imaging. The foregoing local
disconnect may be used with any of the sensors configura-
tions disclosed herein.

[0141] FIG. 19A is a graphic illustration of an acoustic
sensor that may be extensibly worn on a finger. The sensor
is disposed in a fingertip shaped finger extension 1407. The
finger tip extension 1407 has a sensor 1409 disposed just
beneath the surface. The sensor is linearly disposed in a
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straight line from the undersurface of the finger 1411. A
lateral member 1405 holds the fingertip extension 1407 in
place. A circular gripping clement 1403 secures the lateral
member to the finger. The finger tip extension 1407 can
retain the control provided by mounting the sensor to a
finger while providing an extension for probing, for example
in the case of rectal exams and the like.

[0142] FIG. 19B enclosures that may be used with finger
mounted acoustic sensors in order to enhance the ability to
use the sensor in a sterile environment. In many cases it may
be advantageous to use one of the sensor embodiments in a
sterile field. Some of the techniques of sterilization however
may have adverse affects on a sensor. To provide for the use
of a finger mounted sensor sterile encapsulating means as
illustrated in FIG. 19B. In a first example of encapsulation
a sensor sheath 1415A and a sensor 1413A are enclosed by
a continuous sterilizable bag enclosure 1417. The cable
1421A that couples the sensor to the imaging system (not
shown) may also be encapsulated in an isolating enclosure,
such as the bag 1417. The isolating enclosure may extend to
a disconnect mechanism such as that illustrated at 1320 in
FIG. 18B, or may extend to cover only a portion of the
cable, depending on how much of the sensor area needs to
be sterilized and hence encapsulated.

[0143] Such an encapsulation may be built into a glove
1419 in such a case the sensor sheath 1415B may be
disposed to be in contact with a finger up to the first finger
joint 1423. Such an arrangement would allow bending of the
finger joints within the glove and yet provide convenient
placement of the sensor on the most distal finger bone. The
sensor could then be coupled via a cable 1421B to a first
portion of a disconnect device 1427 that may be molded into
the glove. The glove could then be subjected to various
sterilization procedures. The foregoing sterilization encap-
sulation may be used with any of the sensors configurations
disclosed herein.

[0144] FIG. 20 is a graphic illustration of a flip up
acoustic sensor designed to worn on a finger 1500. An
acoustic sensor 1507 is mounted on a “U” shaped bracket
1503. The U bracket is swingably mounted using a hinge
1505 on a finger sleeve 1501. The U bracket 1503 and finger
sleeve 1501 may have detents between the U bracket 1503
and finger sleeve 1501 such that the U bracket may be
locked in several distinct positions. As examples of the
detent positions a pad view is shown generally at 1509, a tip
view is shown generally at 1511, and a clearance position is
shown in 1513. Detents however can be arranged at any
angle, depending on the use desired, and are not limited to
the detent positions illustrated. If the flip up sensor is worn
on the index finger the U bracket can be repositioned using
the thumb or middle finger. The thumb may reposition the
bracket no matter which finger the mechanism is worn on.
This one hand operation can provide an advantage of not
requiring the use of the opposite hand to reposition the
sensor. Additionally the sensor can be used for imaging in a
tip 1511 or a pad orientation 1509.

[0145] FIG. 21 is a graphic illustration of a tube and ring
sensor mechanism designed to be worn on a finger and
having a guidance attachment on an adjoining finger. The
mechanism comprises a tube portion 1601, in which a finger
is disposed, with a sensor 1605 mounted on the surface of
the tube. The sensor 1605 may be mounted flush with the
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surface of the tube 1601 or may protrude, thereby marking
the actual location of the sensor. Mounted radially with the
tube 1601 is a ring 1603 through which a second finger is
disposed. The tube provides a convenient way of placing the
sensor 1605 in contact with the subject. The ring provides a
second finger for support and a convenient way to orient the
sensor with respect to the surface of the first finger disposed
within the tube portion of the mechanism. The tube 1601 is
illustrated having the index finger of a hand disposed therein
and having the middle finger disposed within the ring 1603.
This arrangement is shown for illustrative purposes only.
There is no intent to limit the arrangement to these two
fingers.

[0146] FIG. 22 is a graphic illustration of a sleeve, having
an acoustic sensor 1703 mounted to the surface of a sleeve
1701, designed to be worn over two fingers. The two-finger
sleeve 1701 provides a convenient method of providing a
pressure contact for the sensor as well as providing an easy
method of positioning and orienting the sensor 1703. The
sleeve may be worn on any combination of two fingers. For
example, if the sleeve is worn on the two fingers adjacent to
the index finger, as shown at 1705, the index finger is free
to palpate the patient or steady the sensor.

[0147] FIG. 23 is a graphic illustration of an angled
acoustic sensor array that may be worn on one finger. The
sensors 1803, which form the angled acoustic sensor array
1801 on are mounted on a mounting surface worn about the
finger 1805, and are arrayed at an essentially forty five
degree angle. By arranging the sensors at a forty five degree
angle and moving the hand plus and minus forty five degrees
a full ninety degree sensor array rotation can be achieved
without having to place the hand in an unnatural bend as
illustrated at 1809. This array of sensors may be used with
any of the embodiments described in the present application.

[0148] FIG. 24 is a graphic illustration of an extensible
acoustic sensor designed to be worn on one finger. In FIG.
24 a finger sleeve 1901 provides the mounting for a slidable
member 1903 (slider). The slider 1903 provides a way to
extend the reach of an acoustic sensor beyond what would
be obtainable by a simple finger mounted sensor. The sensor
1905 is mounted to the distal end of the slider and the
proximal end of the slider is coupled to a slider sleeve 1907
by being passed through it and having an interference fit.
The slider sleeve 1907 is coupled to the finger sleeve 1901
and the slider and finger sleeves may be fabricated from the
same piece of material. The slider 1903 may have detents
such that the detents cooperate with the slider sleeve to
establish fixed amounts of slider extension.

[0149] FIG. 25 is a graphic illustration of an acoustic
sensor, which includes an adjustable elastic band. The
acoustic sensor 2001 is mounted upon a sensor mount 2005.
The sensor mount is slotted such that an elastic band 2003
passes through a slot 2007 in the sensor mount in such a way
that the elastic band may be adjusted. Because the elastic
band may be adjusted the sensor may be mounted on the
fingers as shown in 2009, on the palm of the hand as shown
at 2011, or on a finger (not shown).

[0150] FIG. 26 is a graphic illustration of a snap on
acoustic sensor, which may be attached to various points on
a glove. The acoustic sensor is attached to the glove by a
plurality of metallic snaps, which serve to attach the sensor
to the glove and provide electrical connections. The plurality
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of snaps are mounted on the glove on the palm side of the
glove, and comprise a palm snap 2103A, a thumb snap
2103B, and four finger snaps 2103C, 2103D, 2103E, and
2103F. The palm snap 2103A is mounted on the palm
surface, the other snaps are mounted such that the snaps are
positioned distal to the first finger joint on each of the fingers
and thumb, in order to facilitate manipulation of the sensors.
Each sensor is coupled to an electrical cable 2105 that
conducts electrical signals to and from the sensors. The
cabling to the sensors may be wired in a parallel arrange-
ment, such that each sensor is an equivalent electrical point,
or the cable may contain individual connections for each
sensor. If the cabling contains individual cables then m
Those skilled in the art will realize that multiple sensors may
be used at the same time.

[0151] FIG. 27 is a graphic illustration of an acoustic
sensor, which may be worn on a finger, having an integral
needle guide. The sensor assembly comprises a sleeve 2201
for inserting a finger a finger. One end of the sleeve is closed
and used for mounting a sensor 2205 to the tip of the finger.
Essentially parallel to the sleeve a guide cylinder 2203,
having a smaller diameter than the sleeve, is mounted. The
present embodiment may be used to image areas undergoing
needle biopsy. The guide hole may be somewhat larger than
the needle being used for biopsy so that a different portion
of the area being imaged by the sensor 2205 may be
biopsied.

[0152] FIG. 28 is a graphic illustration of a single finger
mounted acoustic sensor. The mounting comprises a tube
2300 having two distinct sections. The sensor 2301 is
coupled to a first section 2302, which comprises generally a
rigid tube first section. The rigid tube extends to just before
the first joint of the finger 2315. The second portion of the
tube 2300 comprises a flexible second section 2305. The
flexible second section of the tube 2305 may form an
interference fit with the finger. The second section 2305 may
cover the first joint of the finger 2315 and may also cover the
second finger joint 2317. The second section 2305 may
secure the tube 2300 to the finger making it more difficult to
accidentally remove from the finger. However because the
second section is flexible it does not interfere with the
bending of the finger.

[0153] The sensor 2301, in the rigid first section 2302 of
the tube, may be coupled to a local disconnect 2309 by a
local cable 2307 such as a ribbon or flex circuit cable,
thereby further enhancing the ability to manipulate the
sensor. The local disconnect may be coupled to the medical
professional using the single finger mounted acoustic sensor,
for example using a wrist strap 2311. The local disconnect
2309 may comprise a first portion, for example a socket
2309A and a second portion for example a plug 2309B. By
decoupling the socket 2309A and plug 2309B the medical
professional using the single finger mounted acoustic sensor
may disconnect the cable 2313 that couples the sensor 2301
to an imaging system (not shown). In such a manner the
medical professional may disconnect form the tethering
cable 2313 which is coupled to the imaging system, when
the acoustic sensor is not in use. The tethering cable 2313
can be reconnected quickly and easily using the local
disconnect 2309, when the medical professional needs to use
it for imaging.

[0154] Tt will be appreciated by those of ordinary skill in
the art that the invention can be embodied in other specific
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forms without departing from the spirit or essential character
hereof. The present description is therefore considered in all
respects to be illustrative and not restrictive. The scope of
the invention is indicated by the appended claims, and all
changes that come within the meaning and range of equiva-
lents thereof are intended to be embraced therein.

[0155] Forexample, even though the present invention has
been described herein in reference to medical ultrasound
systems, it is broadly applicable to any medical or other
systems that require use of portable sensor assemblies and/or
sterilization of one or more connectors.

[0156] Further, those skilled in the art will realize that the
term sensor, acoustic sensor or sensor array may include any
type of sensor known in the art for example including linear
array sensors, phased array sensors, piezoelectric sensors or
any other type of sensors known in the art. Those skilled in
the art will also realize that terms: sensor, acoustic, sensor
and sensor array not only contemplate the sensor itself but
may include the associated mounting and packaging.

What is claimed is:
1. An acoustic sensor apparatus comprising;

an hourglass shaped sensor casing having a top end and a
bottom end;

an acoustic sensor mounted at the bottom end of the
sensor casing; and

a orientation indicator coupled to the top end of the sensor
casing such that the orientation indicator indicates the
position of the sensor within the casing.

2. The apparatus of claim 1 wherein the orientation
indicator and acoustic sensor are coupled together and the
coupled combination is rotatable with respect to the sensor
casing.

3. The apparatus of claim 1 further comprising a flat cable
coupled to the acoustic sensor.

4. The apparatus of claim 1 further comprising a flex cable
coupled to the acoustic sensor.

5. The apparatus of claim 1 further comprising a local
disconnect coupled to the acoustic sensor.

6. The apparatus of claim 1 wherein the orientation
indicator comprises:

a circular cover the top of the sensor casing; and

a slot disposed within the circular cover.
7. The apparatus of claim 1 wherein the orientation
indicator comprises:

a circular cover the top of the sensor casing; and

a tab disposed within the circular cover.
8. An acoustic sensor apparatus comprising;

a ring sized to fit on a finger;
a tract disposed within the circumference of the ring; and

a sensor disposed in the track such that the sensor may be
rotated with respect to the tract.
9. The apparatus of claim 8 further comprising a local
disconnect coupled to the acoustic sensor.
10. The apparatus of claim 8 further comprising a plural-
ity of detents disposed within the tract, thereby creating one
or more identifiable positions for the sensor.
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11. An acoustic sensor apparatus comprising:

a fingertip shaped extension;

a sensor disposed within the fingertip shaped extension,
a circular gripping element that grips a finger; and

a lateral member that couples the fingertip shaped exten-

sion to the circular gripping element.

12. The apparatus of claim 11 further comprising a local
disconnect coupled to the acoustic sensor.

13. The apparatus of claim 11 further comprising a
sterilizable bag enclosure that encapsulates the acoustic
Sensor.

14. The apparatus of claim 11 further comprising a
sterilizable glove that encapsulates the acoustic sensor.

15. The apparatus of claim 14 wherein the sterilizable
glove further includes a local disconnect as part of the glove.

16. An acoustic sensor apparatus comprising:

a finger sleeve for gripping a finger;
a hinge disposed at one end of the finger sleeve;
a “U” bracket coupled to the hinge at the upper end; and

a sensor coupled to the lower end of the “U” bracket.

17. The apparatus of claim 16 further comprising a local
disconnect coupled to the acoustic sensor.

18. The apparatus of claim 16 further comprising a
sterilizable bag enclosure that encapsulates the acoustic
SEnsor.

19. The apparatus of claim 16 further comprising a
sterilizable glove that encapsulates the acoustic sensor.

20. The apparatus of claim 19 wherein the sterilizable
glove further includes a local disconnect as part of the glove.

21. The apparatus of claim 16 further comprising at least
one detent that provides an identifiable location of the “U”
bracket with respect to the finger sleeve.

22. An acoustic sensor apparatus comprising:

a tube, having an open end for the insertion of a finger,
and a closed end,;

a sensor disposed in the circumference of the tube proxi-
mate to the closed end,

a ring, disposed such that the circumference of the ring is
coupled to the circumference of the tube, such that a
finger disposed in the ring is essentially parallel to a
finger disposed within the tube.

23. The apparatus of claim 22 further comprising a local

disconnect coupled to the acoustic sensor.

24. The apparatus of claim 22 further comprising a
sterilizable bag enclosure that encapsulates the acoustic
Sensor.

25. The apparatus of claim 22 further comprising a
sterilizable glove that encapsulates the acoustic sensor.

26. The apparatus of claim 25 wherein the sterilizable
glove further includes a local disconnect as part of the glove.

27. An acoustic sensor apparatus comprising:

an oval shaped pocket having an open end and a closed
end, the pocket being of sufficient size to house two
fingers disposed therein; and

a sensor disposed on the surface of the pocket.
28. The apparatus of claim 27 further comprising a local
disconnect coupled to the acoustic sensor.
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29. The apparatus of claim 27 further comprising a
sterilizable bag enclosure that encapsulates the acoustic
SEnsor.

30. The apparatus of claim 27 further comprising a
sterilizable glove that encapsulates the acoustic sensor.

31. The apparatus of claim 30 wherein the sterilizable
glove further includes a local disconnect as part of the glove.

32. An acoustic sensor array apparatus comprising;

a sensor mount having a flat side;

aring, for containing a finger, coupled to the sensor mount
such that the flat side of the sensor mount may be made
essentially parallel to a palm of a hand wearing the ring;
and

a plurality of sensors disposed on the flat side of the
sensor mount such that a line connecting the sensors
form a forty five degree angle with a finger disposed
within the ring,

33. The apparatus of claim 32 further comprising a local

disconnect coupled to the acoustic sensor.

34. The apparatus of claim 32 further comprising a
sterilizable bag enclosure that encapsulates the acoustic
SEnsor.

35. The apparatus of claim 32 further comprising a
sterilizable glove that encapsulates the acoustic sensor.

36. The apparatus of claim 35 wherein the sterilizable
glove further includes a local disconnect as part of the glove.

37. An acoustic sensor apparatus comprising:

a finger sleeve for wearing on a finger;

a slider sleeve coupled to and disposed in the same
general orientation as the finger sleeve;

a slider disposed such that the slidable member has an
interference fit within the slider sleeve; and

a sensor disposed at an end of the slider such that the

sensor extends beyond the finger.

38. The apparatus of claim 37 further comprising a local
disconnect coupled to the acoustic sensor.

39. The apparatus of claim 37 further comprising a
sterilizable bag enclosure that encapsulates the acoustic
SEnsor.

40. The apparatus of claim 37 further comprising a
sterilizable glove that encapsulates the acoustic sensor.

41. The apparatus of claim 40 wherein the sterilizable
glove further includes a local disconnect as part of the glove.

42. The apparatus of claim 37 further comprising a detent
mechanism that provides at least one detent position of the
slider.

43. An acoustic sensor apparatus comprising:

a sensor mount having a sensor coupled to the mount;
a slot disposed in the sensor mount; and

a rubber band disposed in the sensor mount slot.

44. The apparatus of claim 43 further comprising a local
disconnect coupled to the acoustic sensor.

45. The apparatus of claim 43 further comprising a
sterilizable bag enclosure that encapsulates the acoustic
Sensor.

46. The apparatus of claim 43 further comprising a
sterilizable glove that encapsulates the acoustic sensor.

47. The apparatus of claim 46 wherein the sterilizable
glove further includes a local disconnect as part of the glove.
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48. An acoustic sensor apparatus comprising:

a glove having a plurality of snap attachments, a cable
electrically coupled to the snap attachments; and

asensor that attaches to at least one of the plurality of snap
attachments and makes an electrical connection to the
cable.

49. The apparatus of claim 48 further comprising a local
disconnect coupled to the acoustic sensor.

50. The apparatus of claim 48 wherein the electrical
coupling of the plurality of attachments are arranged in
parallel.

51. The apparatus of claim 50 wherein the electrical
coupling of the plurality of attachments comprise individual
non-parallel connections with the cable.

52. An acoustic sensor apparatus comprising:

a tube having a closed end and an open end for receiving
a finger;
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a guide tube having both ends open and attached in
parallel to the tube having one closed end; and

a sensor disposed on the closed end of the tube.

53. The apparatus of claim 52 further comprising a local
disconnect coupled to the acoustic sensor.

54. The apparatus of claim 52 further comprising a
sterilizable bag enclosure that encapsulates the acoustic
sensor and the guide tube.

55. The apparatus of claim 52 further comprising a
sterilizable glove that encapsulates the acoustic sensor and
the guide tube.

56. The apparatus of claim 55 wherein the sterilizable
glove further includes a local disconnect as part of the glove.
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