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SONOSCANNER PATENT

AUSTAUSCHBARE SONDEN FUR TRAGBARE MEDIZINISCHE
ULTRASCHALLSYSTEME

ZUSAMMENFASSUNG

Tragbares Ultraschallabtastsystem zum Durchflihren eines diagnostischen
Ultraschallabtastprozesses eines Patienten. Das System umfasst ein tragbares Gehause,
das die Ultraschallelektronik eines kompletten Ultraschallabtastsystems enthalt,
einschlieflich eines Strahlformers, der den Betrieb des Abtastsystems regelt und steuert. Am
Gehause ist eine Benutzerschnittstelle zuganglich. An einem Ende ist ein Kabel am Gehause
befestigt und weist an einem zweiten Ende einen Stecker auf. Eine austauschbare Sonde mit
mehreren piezoelektrischen Wandlerelementen ist austauschbar mit dem Verbinder
gekoppelt, um elektrische Signale zwischen der Ultraschallelektronik im Gehause und den

Wandlerelementen der austauschbaren Sonde zu Gbertragen.
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’ system comprises a portable housing containing ultrasound
electronics of a complete ultrasound scanning system
(21) Appl. No.: 14/872,655 including a beamformer that regulate and control operation
of the scanning system. A user interface is accessible at the
. housing. A cable is attached at one end to the housing and
(22) Filed: Oct. 1, 2015 ata se;gond end has a connector. An interchangeable %robe
having a plurality of piezoelectric transducer elements is
o . . interchangeably coupled to the connector for transmitting
Publication Classification electrical signals between the ultrasound electronics in the
(51) Inmt. ClL housing and the transducer elements of the interchangeable
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INTERCHANGEABLE PROBES FOR
PORTABLE MEDICAL ULTRASOUND
SCANNING SYSTEMS

FIELD OF THE DISCLOSURE

[0001] The present disclosure generally relates to portable
medical scanners having probes, and in particular relates to
a portable medical ultrasound scanning system with inter-
changeable probes.

BACKGROUND OF THE INVENTION

[0002] Conventional medical scanners, such as ultrasound
scanning systems, provide two- or three-dimensional images
of tissues without subjecting patients to ionizing radiation.
These conventional scanners typically comprise a control
system, a user interface (e.g., a keyboard, control panel,
trackball, and the like), several probes (e.g., transducers or
scanheads), a video display, a recording device, and a power
system. Generally, ultrasound refers to sound waves emitted
at frequencies above the range of human hearing. For
diagnostic imaging, frequencies ranging from 2 to 15 mega-
hertz are typically used.

[0003] To obtain desired scanned images of different por-
tions of the human body, or other object of interest, it is
necessary to use different probes that have different pen-
etration characteristics and different shapes. Full-sized ultra-
sound scanning systems (desk mounted or cart mounted)
generally are provided with a number of sockets for receiv-
ing cable connectors for different ultrasound probes that may
be used for scanning different portions of a human body or
other objects of interest. The probes provided for full-sized
systems are provided with a large number, such as 128 or
256, of transducer elements to provide a high resolution scan
image. Generally, each transducer element is connected by
a separate channel or wire to the ultrasound electronics for
conversion into the display image. Thus, the cables connect-
ing the probes to the ultrasound electronics housing typically
contain hundreds of shielded wires for the transducer ele-
ment signals, as well as wires for electrical power and
control of the transducer elements.

[0004] There have been developed and commercialized
smaller, more portable scanning systems, such as having the
size of lap top computers (portable) or even hand-held
tablets (ultraportable), however these portable units have
suffered from some drawbacks. Although these units allow
the ultrasound scanning of a patient to occur in locations that
are not dedicated for ultrasound scanning, including at the
hospital bedside or other locations, most of these portable
systems operate on battery power carried in the portable or
hand-held unit, allowing for limited power available for the
scanner probes, and leading to a reduced number of trans-
ducer elements in the probes. This reduced number of
transducer elements results in a reduced resolution of the
image typically displayed on the small screen of the portable
unit.

[0005] One approach that has been provided has been to
dedicate a particular probe with the ultrasound scanner
control module with a fixed connection, however, this limits
the use of the ultrasound scanning system to one particular
type of scanning, and requires other scanning systems to
perform other types of scanning.

[0006] Further, if medical personnel wish to be able to
perform many different types of scans with portable scan-
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ning systems, they are required to carry a number of different
probes with them, with each probe having a probe cable
connected thereto, the probe cables each having a length of
at least a meter (39 inches) or more. This results in a very
bulky collection of equipment necessary to be able to
conduct several different types of ultrasound scans.

[0007] Another disadvantage is that some conventional
scanning systems use complex multiple coaxial cables hav-
ing 128-256 composite interconnection elements for deliv-
ering electrical signals from the corresponding transducer
probes. The connectors for connecting the coaxial cables to
the conventional scanning systems are rather large and often
cannot be accommodated in the smaller hand-held units.

[0008] To overcome this problem, some available units
place some of the ultrasound electronics in the probe,
including a beam former, however, this results in other
problems, such as a larger and heavier probe, high heat in the
probe due to the electronics, and more expensive probes
with electronics located in each probe.

[0009] The power supply required for operating large
probes (with 128 to 256 transducer elements) is also typi-
cally comparatively large, which requires a larger amount of
electrical power to be supplied to the probe.

[0010] Therefore, there is a need for developing an
improved portable medical scanning system having a probe
that is efficiently and readily interchangeable during the
diagnostic imaging process, is relatively small, lightweight
and reasonably priced, and allows for a high quality scanned
image.

SUMMARY OF THE INVENTION

[0011] Advantages are achieved by the present portable
medical scanning system which includes an interchangeable
probe connected to a hand-held or portable base unit which
contains ultrasound electronics of a complete ultrasound
scanning system. An important aspect of the present portable
medical scanning system is an interchangeable probe that is
easily connectable and removable (e.g., a plug and play
system) to and from the base unit at a proximal end of a
connecting cable relative to the probe. Different probes are
readily quickly installed and removed during or between
medical exams as desired, and at a location close to the
actual scanning location rather than at the scanning equip-
ment. In this manner, the medical personnel are not required
to carry cables for each probe to be used, greatly reducing
the bulk of equipment to be carried by the medical person-
nel. The specific type of probes connected to the base unit
are automatically detected by the ultrasound electronics so
that the correct types of signals are transmitted to a particular
type of probe.

[0012] Another important advantage of the present inter-
changeable probe is that a multiplexer is provided in the
probe to allow the number of separate shielded wires in the
cable to be reduced by a predetermined factor. In this
configuration, while a high number of transducer elements
are maintained in the probe (e.g., up to 256), the number of
shielded wires can be significantly reduced (by a factor of up
to 8) by the use of multiplexing switches of the multiplexer.
As a result, the cable becomes thinner (fewer wires to
transmit the signals) and easier to handle, and the probe
consumes a lower amount of electric power. Further, a
beamformer portion of the ultrasound electronics is disposed
in the hand-held or portable base unit rather than in the
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probe, thereby reducing the power consumption at the probe,
and also reducing a weight, size and cost of an individual
probe.

[0013] In one embodiment, a portable scanning system is
provided for performing a diagnostic ultrasound scanning
process of a patient, or other object being scanned. The
scanning system comprises a portable housing containing
ultrasound electronics of a complete ultrasound scanning
system including a beamformer that regulates and controls
operation of the scanning system. A user interface is acces-
sible at the portable housing. A cable is attached at one end
to the portable housing and at a second end it has a
connector. An interchangeable probe having a plurality of
piezoelectric transducer eclements is interchangeably
coupled to the connector for transmitting electrical signals
between ultrasound electronics in the housing and the trans-
ducer elements of the interchangeable probe.

[0014] In an embodiment, the connector and the probe
comprise first and second members with the first member
having an opening dimensioned to matingly receive the
second member in a complementary relationship.

[0015] In an embodiment, the interchangeable probe
includes a locking mechanism for securely and releasably
attaching the first and second members together.

[0016] In an embodiment, the interchangeable probe
includes a blocking mechanism for preventing the second
member from being inserted into the opening of the first
member in an incorrect orientation.

[0017] In an embodiment, the first member has a first
connection port in the opening, and the second member has
a corresponding second connection port, such that the first
and second connection ports are electrically and comple-
mentarily coupled to each other for transmitting the electri-
cal signal.

[0018] In an embodiment, the first connection port
includes an upper male slot and a lower male slot for
carrying the electrical signal.

[0019] In an embodiment, the second connection port
includes an upper female slot and a lower female slot for
matingly connecting to the corresponding upper and lower
male slots.

[0020] In an embodiment, the interchangeable probe
includes a multiplexing unit positioned between the cable
connector and the plurality of transducer elements for trans-
mitting a plurality of signals to and from a single wire in the
cable sequentially and selectively to a plurality of different
ones of the transducer elements. The ultrasound electronics
includes a sequencer that sends a signal to the probe to
select, via a multiplexer switch, a particular transducer
element to be energized and the resulting echo received at
that transducer element is returned to the ultrasound elec-
tronics before the sequencer sends a signal to the probe to
select a next transducer element to repeat the process.

[0021] In an embodiment, the multiplexing unit is config-
ured to transmit signals to and from a single cable wire to
and from up to 8 separate wires connected to individual
transducer elements.

[0022] In an embodiment, the interchangeable probe,
being one of a convex probe, a linear probe and a phased
array probe, has a size no greater than about 11.4 cm (4.5
inches) by 8 cm (3.2 inches) and 2.5 cm (1 inch) thick.
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[0023] In an embodiment, the interchangeable probe is an
endocavitary probe and has a size no greater than about 30.5
cm (12 inches) by 4 cm (1.6 inches) and 3 cm (1.2 inches)
thick.

[0024] In an embodiment, the ultrasound electronics com-
prises a sensing unit and the interchangeable probe com-
prises an electronic probe identification, wherein the sensing
unit automatically senses a presence of a probe at the cable
connector and automatically reads the electronic probe iden-
tification, thereby causing the ultrasound electronics to
transmit a correct type of signal to the probe only when the
probe is attached to the cable connector and to terminate the
transmission of ultrasound scanning signals to the cable
when no probe is detected as being connected to the cable.

[0025] In an embodiment, the housing includes a display
configured to display a scanned image.

[0026] In an embodiment, an interchangeable probe is
provided which is used for performing a diagnostic scanning
process of a patient, using a portable housing incorporating
a complete ultrasound scanning system. The probe com-
prises a member housing a plurality of high density piezo-
electric transducer elements and having electrical connec-
tors dimensioned to electrically matingly connect with a
connector member of a cable coupled to the portable hous-
ing.

[0027] In an embodiment, a portable ultrasound scanning
system is provided for performing a diagnostic ultrasound
scanning process of a patient. The system comprises a
portable housing containing ultrasound electronics of a
complete ultrasound scanning system including a beam-
former that regulate and controls operation of the scanning
system. A user interface is accessible at the portable housing.
A cable is attached at one end to the housing and at a second
end has a connector. A plurality of interchangeable probes
are provided, each being interchangeably coupled to the
connector for transmitting an electrical signal between the
ultrasound electronics in the housing and the interchange-
able probe.

[0028] The foregoing and other aspects and features of the
disclosure will become apparent to those of reasonable skill
in the art from the following detailed description, as con-
sidered in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG. 1 illustrates an exemplary environment for the
present medical scanning system in accordance with an
embodiment of the present disclosure;

[0030] FIG. 2 illustrates an exemplary practice of the
present medical scanning system of FIG. 1, utilizing a
portable device having a virtual user interface, and an
interchangeable probe;

[0031] FIG. 3 is a rear view of the interchangeable probe
of FIG. 2 before attaching the probe to a connector of the
present medical scanning system;

[0032] FIG. 4 is a front view of the interchangeable probe
of FIG. 3; and
[0033] FIG. 5 illustrates various types of exemplary inter-

changeable probes used with the present medical scanning
system of FIG. 1.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0034] Preferred embodiments of the present disclosure
are described below by way of example only, with reference
to the accompanying drawings. Further, the following
description is merely exemplary in nature and is in no way
intended to limit the disclosure, its application, or uses.
[0035] As used herein, the term “module,” or “unit” may
refer to, be part of, or include a programmable integrated
circuit, an electronic circuit, a processor (shared, dedicated,
or group) and/or memory (shared, dedicated, or group) that
execute one or more software or firmware programs, a
combinational logic circuit, and/or other suitable compo-
nents that provide the described functionality.

[0036] Although children modules residing in their
respective parent modules are shown, the broad teachings of
the present system can be implemented in a variety of forms.
Thus, while this disclosure includes particular examples and
arrangements of the modules, the scope of the present
system should not be so limited since other modifications
will become apparent to the skilled practitioner.

[0037] Exemplary embodiments herein below are directed
primarily to medical ultrasound scanning systems. However,
the present system can be implemented for other types of
ultrasound scanning products or services. Thus, the terms
“patient” and “tissue” are used to refer to the objects being
scanned, and should be understood to refer also to other
types of objects.

[0038] Referring now to FIG. 1, a portable ultrasound
scanning system 20 is illustrated which includes a hand-held
housing or base unit 22. In a preferred embodiment, the
hand-held housing 22 has a size of approximately 12.7 cm
(5 inches) by 17.8 cm (7 inches), with a thickness of about
2 c¢m (0.9 inches), which allows the housing to fit and easily
be carried in a standard size pocket on a medical personnel
lab coat. The hand-held housing 22 preferably has a weight
of about 600 gm (1.3 pounds) or less. Other sized housings
22 may be used with the present invention, but in a preferred
embodiment, the housing has a weight of less than 1000 gm
(2.2 pounds), more preferably a weight of less than 800 gm
(1.8 pounds) and most preferably, a weight of no more than
600 gm (1.3 pounds).

[0039] The hand-held housing 22 contains ultrasound
electronics 21 of a complete ultrasound scanner, including a
beamformer 23, a central processing unit with a control
module 24, a computing unit 25, a memory unit 26, an image
processing unit 27, a power supply 28, and an optional
wireless transmitter and receiver 29, all electrically inter-
connected. The ultrasound electronics 21 are configured to
contain and operate conventional hardware, firmware and/or
software for operating an ultrasound scanner in a known
manner and displaying the scanned image on a display, as
discussed below.

[0040] The power supply 28 preferably comprises a
rechargeable battery, such as a lithium polymer battery
capable of providing several hours of operation for the
ultrasound scanning system 20. Other types of power sup-
plies including line power (alternating current) or other
types of power storage devices, including different battery
types, may be used as well. It is contemplated that the line
power may be used in conjunction with a power converter,
such as an AC-DC adapter.

[0041] A display 30, which may be a touchscreen 32, is
mounted on the hand-held housing 22. In the preferred size
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of the housing 22 as described above, the display 30 may
have a 17.8 cm (7 inch) diagonal size. Larger or smaller
displays may be used with the present invention.

[0042] A user input interface 36 is provided, at least a part
of which is presented on the display 30. The user input
interface 36 is configured to receive inputs from the user via
the touchscreen 32 and to transmit those inputs to the central
processing unit 24.

[0043] A variety of different user input interfaces 36 may
be utilized within the scope of the present invention. In a
preferred embodiment, the user input interface is presented
on at least a portion of the touchscreen 32 and can be
operated by the user with one or more of the fingers of the
hand holding the hand-held housing 22. The user interface
36 may comprise several selectable areas of information or
control that may be alternately selectably displayed on the
touch screen.

[0044] A particular type of user interface is described in
more details in co-pending U.S. patent application Ser. Nos.
14/872,616 and 14/872,637 (attorney docket numbers 5940.
120264 and 5940.120265), the disclosures of which are
incorporated herein by reference. The user input interface 36
may include one or more buttons or switches 38 by means
of which the user may activate the portable ultrasound
scanning system 20, or provide other inputs to the central
processing unit 24 of the ultrasound electronics 21.

[0045] Various ports and connectors may be provided in
the housing 22, such as a connector 39a for a power supply,
a USB port 394, an HDMI port 39¢, as well as ports for other
types of connectors.

[0046] One or a plurality of interchangeable probes 40 is
provided which each contains a plurality of piezoelectric
transducer elements 42 controlled by the ultrasound elec-
tronics 21. The probe 40 is connected to the housing 22 via
a probe cable 44. Detailed descriptions of various types of
probes 40 are provided below in paragraphs relating to FIG.
5.

[0047] The probe cable 44 may be permanently attached at
one end 46 to the housing 22. Alternatively, the probe cable
44 may be detachably attached at the end 46 to the housing
22 via an appropriate connector.

[0048] Referring now to FIGS. 2-5, it is preferred that the
interchangeable probe 40 includes a first or head member 48
having an opening 50 dimensioned to matingly receive a
second or tail member 52 of the cable 44 in a complementary
relationship. The tail member 52 is provided at a second end
53 of the cable. The relative sizes and shapes of the head
member 48 and the tail member 52 may be reversed in some
arrangements, such that the head member 48 is received in
an opening in the tail member 52. In a preferred arrange-
ment, the opening 50 of either the head member 48 or tail
member 52 is shaped such that the other of the head member
or the tail member 52 can be received therein in only one
orientation so as to provide a positive mechanical assurance
that an improper connection between the head member 48
and the tail member 52 will not occur. While an oval shaped
opening 50 is shown in the drawings, the opening may be
formed in any other shape as is appropriate for the size and
shape of the head member 48 and tail member 52. For
example, with the oval shape of the opening 50 shown in the
drawings, the tail member 52 could be inserted into the head
member 48 in one of two orientations, rotated by 180
degrees around the longitudinal axis. With a square opening
there could be four possible orientations and with a circular
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opening, there could be an infinite number of orientations.
To prevent an improper orientation connection, a sidewall of
the opening 50 may be provided with a longitudinal ridge
53a that is received in a complementarily shaped longitu-
dinal groove 5354 in the tail member. If the head member 48
as illustrated is rotated around its longitudinal axis by 180
degrees the ridge 53a will not find a complementary groove,
and therefore the insertion of the tail member 52 into the
oval opening 50 of the head member 48 will be positively
blocked. Other similar types of blocking arrangements may
be provided.

[0049] In the illustrated embodiment, the head member 48
has a first or male connection port 54 in the opening 50, and
the tail member 52 has a corresponding second or female
connection port 56, such that the male and female connec-
tion ports are electrically and complementarily coupled to
each other for transmitting the signals between the probe 40
and the ultrasound electronics 21 when the tail member 52
is inserted into the head member 48. The positions of the
male 54 and female 56 connection ports between the head
member 8 and the tail member 52 may be reversed in some
embodiments.

[0050] In a preferred embodiment, a locking mechanism
58 is provided for the probe 40 to securely and releasably
attach the head and tail members 48, 52 together. The
locking mechanism 58 shown includes a depressible detent
58a carried on the tail member 52 which is received in a slot
5856 formed in the sidewall of the opening 50 of the head
member 48. The slot 5856 has a shoulder 58c¢ near the
opening end of the sidewall that engages the detent 58a
when the detent is not depressed. Other types of suitable
locking mechanisms are also contemplated to suit different
applications.

[0051] Typically, in conventional piezoelectric ultrasound
scanning systems, the probe 40 is interchangeable at the
housing end 46 of the connecting cable 44. However, in the
present scanning system 20, the probe 40 is interchangeable
at the probe end 53 of the connecting cable 44. In this
configuration, the head member 48 of the probe 40 is readily
interchangeable by the user without having to connect and
disconnect the tail member 52 and the connecting cable 44
to and from the housing 22. Thus, different head members 48
are readily and quickly installed and removed or exchanged,
during or between medical exams as needed, directly at the
location of use of the probe 40.

[0052] As illustrated in FIG. 5, the different head members
48 may include, but are not limited to, a linear probe, a
convex probe, an endocavitary probe, a phased array probe,
or the like. Other suitable types of probes are also contem-
plated to suit different applications.

[0053] Preferably high density or fine pitch multi-element
electronic probes (e.g., 128-256 transducer elements for
linear, convex and endocavitary probes or 64 transducer
elements for phased array probes) are used as the replace-
able probe, such that a high quality image can be produced
by the ultrasound scanning system 20. However, while
accommodating such a large number of transducer elements,
it is advantageous to reduce the number of shielded wires
required in the cable 44 and also to minimize the heat
generated in the probe 40.

[0054] To minimize heat at the probe and to reduce the
cost and weight of the probe, the beamformer 23 of the
ultrasound electronics 21 is located in the housing 22 rather
than in the probe 40. In this configuration, not only the
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power consumption at the probe 40 is reduced, but also an
overall building cost of the probe is lowered without com-
promising the quality of scanned images 45.

[0055] A multiplexing unit 74 comprising a plurality of
switches is located on one or more microchips in the head
member 48 allowing for a reduction in the number of
individual wires needed in the cable 44 for a given number
of transducer elements 42. The ultrasound electronics 21 in
the housing 22 includes a sequencer that sends a signal to the
probe 40 to select, via a switch of the multiplexing unit 74,
a particular transducer element 42 to be energized to send
out a sound pulse and the resulting echo received at that
transducer element 42 is returned to the ultrasound electron-
ics 21 before the sequencer sends a signal to the probe 40 to
select a next transducer element 42 to repeat the process. The
use of the sequencer in the housing 22 and the switches of
the multiplexing unit 74 in the head member 48 allow for an
exemplary multiplexing ratio of cable wires to transducer
elements 42 to be in the range of 1:1 to 1:8. In this manner,
for example, the signals between 256 transducer elements 42
and the ultrasound electronics 21 could be transmitted on as
few as 32 wires in the probe cable 44 since the signals
between the ultrasound electronics 21 and the transducer
elements 42 travel bidirectionally.

[0056] It is contemplated that the multiplexing unit 74 is
utilized to reduce the diameter of the connecting cable 44 by
reducing a number of channels or wires needed for the data
transmission, while still maintaining a high number of
transducer elements 42. Consequently, the connecting cable
44 becomes substantially thinner or smaller for facilitating
easy handling and carrying, as well as a reducing cost of the
cable.

[0057] In a preferred embodiment, the male connection
port 54 further includes an upper male slot 64 having at least
38 contacts in a 15 mm (0.6 inches) length and a separate,
lower male slot 66 also having at least 38 contacts in a 15
mm (0.6 inches) length are used, thus providing 76 contacts
in a compact area. Similarly, the female connection port 56
further includes a similarly sized upper female slot 68 and a
separate, similarly sized lower female slot 70 for matingly
connecting to the corresponding male slots 64, 66. In this
double slot connection configuration, an overall size of the
probe 40 is reduced, thereby enhancing grip ergonomics of
the probe. As a result, the double slot configuration of the
male and female connection ports 54, 56, along with the
multiplexing unit 74, allows for a high number of channels
(e.g. up to 64) accommodating a high number of transducer
elements (e.g., up to 256) in the probe 40, thereby providing
high resolution images 45 for the scanned tissue.

[0058] It is advantageous that since only one connecting
cable 44 and one tail member 52 are needed for the present
system 20, the overall operating cost of the present system
with multiple different probes 40 is decreased. Moreover, the
overall volume or size of the present system 20 with multiple
probes 40 is substantially reduced due to the need for only
a single cable 44 with multiple probes 40. Thus, the exem-
plary configuration of the probe 40 shown in FIGS. 3 and 4
allows production of the high quality images 45 without
sacrificing portability and convenience of the ultraportable
ultrasound scanning system.

[0059] In a preferred arrangement, the interchangeable
probe 40, being one of a convex probe, a linear probe and a
phased array probe, has a size no greater than about 4.5
inches (11.4 cm) by 3.2 inches (8 cm) and 1 inch (2.5 cm)
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thick. In an embodiment, the interchangeable probe, being
an endocavitary probe, has a size no greater than about 12
inches (30.5 cm) by 1.6 inches (4 cm) and 1.2 inches (3 cm)
thick. This allows for several probes 40 to be carried in a
single pocket of a lab coat of the medical personnel user.
[0060] While at least one exemplary embodiment of the
present invention has been shown and described, it should be
understood that modifications, substitutions and alternatives
may be apparent to one of ordinary skill in the art and can
be made without departing from the scope of the invention
described herein. This application is intended to cover any
adaptations or variations of the specific embodiments dis-
cussed herein. In addition, in this application, the terms
“comprise” or “comprising” do not exclude other elements
or steps, and the terms “a” or “one” do not exclude a plural
number. Furthermore, characteristics or steps which have
been described with reference to one of the above exemplary
embodiments may also be used in combination with other
characteristics or steps of other exemplary embodiments
described above.

What is claimed is:

1. A portable ultrasound scanning system for performing
a diagnostic ultrasound scanning process of a patient, com-
prising:

a portable housing containing ultrasound electronics of a
complete ultrasound scanning system including a
beamformer that regulate and control operation of the
scanning system;

a user interface accessible at the housing;

a cable attached at one end to the housing and at a second
end having a connector; and

an interchangeable probe having a plurality of piezoelec-
tric transducer elements being interchangeably coupled
to the connector for transmitting electrical signals
between the ultrasound electronics in the housing and
the transducer elements of the interchangeable probe.

2. The scanning system of claim 1, wherein the connector
and the probe comprise first and second members with the
first member having an opening dimensioned to matingly
receive the second member in a complementary relationship.

3. The scanning system of claim 2, wherein the inter-
changeable probe includes a locking mechanism for securely
and releasably attaching the first and second members
together.

4. The scanning system of claim 2, wherein the inter-
changeable probe includes a blocking mechanism for pre-
venting the second member from being inserted into the
opening of the first member in an incorrect orientation.

5. The scanning system of claim 2, wherein the first
member has a first connection port in the opening, and the
second member has a corresponding second connection port,
such that the first and second connection ports are electri-
cally and complementarily coupled to each other for trans-
mitting the electrical signals.

6. The scanning system of claim 5, wherein the first
connection port includes an upper male slot and a lower
male slot for carrying the electrical signals.

7. The scanning system of claim 6, wherein the second
connection port includes an upper female slot and a lower
female slot for matingly connecting to the corresponding
upper and lower male slots.

8. The scanning system of claim 1, wherein the inter-
changeable probe includes a multiplexing unit positioned

Apr. 6, 2017

between the cable connector and the plurality of transducer
elements for transmitting a plurality of signals to and from
a single wire in the cable sequentially and selectively to a
plurality of different ones of the transducer elements.

9. The scanning system of claim 8, wherein the multi-
plexing unit is configured to transmit signals to and from a
single cable wire to and from up to 8 separate wires
connected to individual transducer elements.

10. The scanning system of claim 1, wherein the inter-
changeable probe is one of a convex probe, a linear probe,
and a phased array probe and has a size no greater than about
11.4 cm (4.5 inches) by 8 cm (3.2 inches) and 2.5 cm (1 inch)
thick.

11. The scanning system of claim 1, wherein the inter-
changeable probe is an endocavitary probe and has a size no
greater than about 30.5 cm (12 inches) by 4 cm (1.6 inches)
and 3 cm (1.2 inches) thick.

12. The portable ultrasound scanning system according to
claim 1, wherein the ultrasound electronics comprises a
sensing unit and the interchangeable probe comprises an
electronic probe identification, wherein the sensing unit
automatically senses a presence of a probe at the cable
connector and automatically reads the electronic probe iden-
tification, thereby causing the ultrasound electronics to
transmit a correct type of signal to the probe only when the
probe is attached to the cable connector and to terminate the
transmission of ultrasound scanning signals to the cable
when no probe is detected as being connected to the cable.

13. The portable ultrasound scanning system according to
claim 1, wherein the housing includes a display configured
to display a scanned image.

14. An interchangeable probe used for performing a
diagnostic scanning process of a patient, using a portable
housing incorporating a complete ultrasound scanning sys-
tem, the probe comprising:

a member housing a plurality of high density piezoelectric
transducer elements and having electrical connectors
dimensioned to electrically matingly connect with a
connector member of a cable coupled to the portable
housing.

15. A portable ultrasound scanning system for performing
a diagnostic ultrasound scanning process of a patient, com-
prising:

a portable housing containing ultrasound electronics of a
complete ultrasound scanning system including a
beamformer that regulate and control operation of the
scanning system;

a user interface accessible at the housing;

a cable attached at one end to the housing and at a second
end having a connector; and

a plurality of interchangeable probes having a plurality of
piezoelectric transducer elements, each probe being
interchangeably coupled to the connector for transmit-
ting electrical signals between the ultrasound electron-
ics in the housing and the transducer elements of the
interchangeable probe.
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