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1
METHODS AND APPARATUS FOR
CONFORMABLE MEDICAL DATA
ACQUISITION PAD AND CONFIGURABLE
IMAGING SYSTEM

This application claims the benefit of U.S. Provisional
Application No. 60/740,175, filed Nov. 28, 2005, which is
incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION

Ultrasonic diagnostic imaging systems are in widespread
use for performing ultrasonic imaging and measurements.
Forexample, cardiologists, radiologists, and obstetricians use
ultrasonic diagnostic imaging systems to examine the heart,
various abdominal organs, or a developing fetus, respectively.
In general, imaging information is obtained by these systems
by placing an ultrasonic probe against a transmission agent
such as a liquid gel and the skin of a patient, and actuating an
ultrasonic transducer located within the probe to transmit
ultrasonic energy through the skin and into the body of the
patient. In response to the transmission of ultrasonic energy
into the body, ultrasonic echoes emanate from the interior
structure of the body. The returning acoustic echoes are con-
verted into electrical signals by the transducer in the probe,
which are transferred to the diagnostic system by a cable
coupling the diagnostic system to the probe.

Acoustic transducers commonly used in ultrasonic diag-
nostic probes are often comprised of an array of individual
piezoelectric elements. These elements are usually formed
from a piezoelectric material by the following a number of
meticulous manufacturing steps. In one common method, a
piezoelectric transducer array is formed by bonding a single
block of piezoelectric material to a backing member that
provides acoustic attenuation. The single block is then later-
ally subdivided by cutting or dicing the material to form the
rectangular elements of the array. Electrical contact pads are
formed on the individual elements using various metalliza-
tion processes to permit electrical conductors to be coupled to
the individual elements of the array. The electrical conductors
are then coupled to the contact pads by a variety of electrical
joining methods, including soldering, spot-welding, or by
adhesively bonding the conductor to the contact pad.

Although current methods such as the foregoing are gen-
erally adequate to form acoustic transducer arrays having up
to a few hundred elements, larger arrays of transducer ele-
ments having smaller element sizes are not as easily formed
using these approaches. Consequently, various techniques
used inthe fabrication of silicon microelectronic devices have
been adapted to form ultrasonic transducer elements, in part
because these techniques generally permit the repetitive fab-
rication of small structures in intricate detail.

An example of a device that may be formed using semi-
conductor fabrication methods is a micro-machined or micro-
fabricated ultrasonic transducer (MUT). The MUT has sev-
eral significant advantages over conventional piezoelectric
ultrasonic transducers. For example, the structure of the MUT
generally offers more flexibility in terms of optimization
parameters than is typically available in conventional piezo-
electric devices. Further, the MUT may be conveniently
formed on a semiconductor substrate using various semicon-
ductor fabrication methods, which advantageously permits
the formation of relatively large numbers of transducers. The
formation of numerous transducers may then be integrated
into providing large transducer arrays. Additionally, intercon-
nections between MUTs in arrays and the electronic devices
external to the arrays may also be conveniently formed during
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the fabrication process. MUTs may be operated capacitively,
and are commonly referred to as cMUTs, as shown in U.S.
Pat. No. 5,894,452, which is incorporated by reference herein
in its entirety. Alternatively, piezoelectric materials may be
used in fabrication of MUTs, which are commonly referred to
as pMUTs, as shown in U.S. Pat. No. 6,049,158, which is
incorporated by reference herein in its entirety. Accordingly,
MUTs have increasingly become an attractive alternative to
conventional piezoelectric ultrasonic transducers in ultra-
sound systems.

Furthermore, some ultrasound devices available today uti-
lize multiple, individual transducer elements supported by
quilt-like substrates. See U.S. Pat. App. Pub. No. 2006/
0241522, which is incorporated by reference herein in its
entirety. Such materials in these devices may not provide
adequate ultrasound transmission efficiency or satisfactory
imaging resolution.

There is a need for instrumentation and procedures capable
of obtaining ultrasound images and other types of medical
data information using a coordinated interconnected network
of micro-fabricated elements that can be manufactured effi-
ciently and in a cost effective manner.

SUMMARY OF THE INVENTION

The invention provides data acquisition methods and appa-
ratus for obtaining a wide variety of medical information. In
preferable embodiments of the invention, ultrasound imaging
systems and related methods of their use are provided that
include configurable scanning devices that can be modified
for certain applications. The scanning devices may include
ultrasound probes and pads that can be configured into dif-
ferent physical forms (e.g., flat, strip, cone) that can be either
structurally flexible or relatively fixed for selected portions of
the patient anatomy.

Various aspects of the invention described herein for other
purposes and procedures relating to ultrasound or imaging
applications are equally applicable to other medical proce-
dures involving data acquisition. To the extent such descrip-
tions relate to steps and apparatus for imaging and application
of ultrasound technology, the same can be equally applied and
interchangeable with such other medical procedures. It shall
be understood that different aspects of the invention can be
appreciated individually, collectively or in combination with
each other.

Other goals and advantages of the invention will be further
appreciated and understood when considered in conjunction
with the following description and accompanying drawings.
While the following description may contain specific details
describing particular embodiments of the invention, this
should not be construed as limitations to the scope of the
invention but rather as an exemplification of preferable
embodiments. For each aspect of the invention, many varia-
tions are possible as suggested herein that are known to those
of ordinary skill in the art. A variety of changes and modifi-
cations can be made within the scope of the invention without
departing from the spirit thereof.

INCORPORATION BY REFERENCE

All publications and patent applications mentioned in this
specification are herein incorporated by reference to the same
extent as if each individual publication or patent application
was specifically and individually indicated to be incorporated
by reference.

BRIEF DESCRIPTION OF THE DRAWINGS

The following is a description of various embodiments of
the invention illustrated in the accompanying drawings.



US 8,764,664 B2

3

FIG. 1 is a simplified block diagram illustrating
acquisition, therapy and/or imaging system.

FIG. 2 is a simplified block diagram illustrating a data
acquisition and/or imaging array, hereinafter referred to as an
imaging array.

FIG. 3A is a simplified perspective view showing an imag-
ing array having a ceramic fabric-like or rigid carrier base.

FIG. 3B is the simplified perspective view of an imaging
array shown in FIG. 3A without the transceivers showing the
interconnection network of the imaging array on the ceramic
carrier base.

FIG. 3C is a simplified perspective view of an imaging
array having the interconnect layer embedded in the ceramic
carrier base.

FIG. 4A is a simplified perspective view of an embodiment
of an imaging array having an organic fabric carrier base.

FIG. 4B is a perspective view of an imaging array having
the organic fabric carrier base of elements.

FIG. 5A is a simplified perspective view of an imaging
array having a multi-layered carrier base made from a flex
circuit membrane-like material and/or gel-like material.

FIG. 5B is simplified perspective view of an imaging array
having a single layer carrier base made from a gel-like mate-
rial with the transceivers and interconnect layer embedded
therein.

FIG. 5C is a simplified perspective view of an imaging
array having a single layer carrier base made from a gel-like
material with the interconnect layer embedded therein.

FIG. 6 is a simplified block diagram of a computer system.

FIG. 7 is a simplified block diagram of imaging software
for a computer system.

FIG. 8 is a flow chart illustrating operation of the imaging
system.

FIG. 9 is a simplified perspective view of an imaging array
illustrating the detection of an object.

FIG. 10A is a simplified cross-sectional view of an
embodiment of a concentric circles scanning pattern.

FIG. 10B is a simplified cross-sectional view of an embodi-
ment of a concentric circles scanning pattern.

FIG. 10C is a simplified cross-sectional view of an embodi-
ment of a concentric circles scanning pattern.

FIG. 10D is a simplified cross-sectional view of an
embodiment of a line-to-line scanning pattern.

FIG. 10E is a simplified cross-sectional view of an embodi-
ment of a line-to-line scanning pattern.

FIG. 10F is a simplified cross-sectional view of an embodi-
ment of a line-to-line scanning pattern.

FIG. 10G is a simplified cross-sectional view of an
embodiment of a line-to-line scanning pattern.

FIG. 10H is a simplified cross-sectional view of an
embodiment of a line-to-line scanning pattern.

FIG. 101 is a simplified cross-sectional view of an embodi-
ment of a group-to-point scanning pattern.

FIG. 10J is a simplified cross-sectional view of an embodi-
ment of a point-to-group scanning pattern.

FIG. 11 is a flow chart illustrating a method for manufac-
turing an embodiment of an imaging system having a ceramic
carrier base.

FIG. 12 is a flow chart illustrating a method for manufac-
turing another embodiment of an imaging system having a
ceramic carrier base.

FIG. 13 is a flow chart illustrating a method for manufac-
turing an embodiment of an imaging system having an
organic carrier base.

FIG. 14 is a flow chart illustrating a method for manufac-
turing another embodiment of an imaging system having an
organic carrier base.
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FIG. 15 is a flow chart illustrating a method for operation
for an imaging system.

FIG. 16 is a flow chart illustrating a method for manufac-
turing an embodiment of the imaging system having a carrier
base made from a gel-like material.

FIG. 17 is a flow chart illustrating the operation of the
imaging system.

It shall be noted that corresponding reference characters
may indicate corresponding elements among and between the
various figures or drawings herein. The headings used in the
accompanying figures should not be interpreted to limit the
scope of the invention with respect to such figures only.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 illustrates an implementation of an imaging system
10 provided in accordance with an aspect of the invention that
includes an imaging array 12. The imaging system 10 can
generate a variety of medical data, hereinafter encompassed
by the general term “image data” on an area of concern of a
subject, such as patient, using an imaging array 12 in opera-
tive association with a translator board and/or computer sys-
tem 16 through a connection 60.

In one embodiment of the invention, the area of concern
may be selected at the time of imaging from a variety of body
tissues, organs and structures. In other embodiments, the area
of concern may be predetermined such that the imaging sys-
tem 10 may be targeted for a specific body tissue, organ or
structure such as the breast, sinuses or skin. In another
embodiment, the areas of concern may be targeted for a range
of related medical specialties such as gynecology that may
include the breast, the pelvic area and/or surrounding region.
Others areas of concern on a variety of subjects are also
contemplated.

The dimensions and size of the imaging array 12 may
depend on the application for which the imaging array 12 is
used. For example, an imaging array designed for specific
point skin imaging may be much smaller than an imaging
array designed for abdominal organ imaging.

In another embodiment of the invention, the imaging array
12 may be structurally flexible, while in another embodiment
the imaging array 12 may be rigid. The imaging array 12 may
also fully or partially conform to an area of concern that is
being analyzed. Moreover, the imaging array 12 may be of a
designated size, flexibility and conformity for a particular
type of reading. Several implementations of various imaging
arrays provided in accordance with this aspect of the inven-
tion are described in greater detail below.

The imaging array 12 illustrated in FIG. 2 may include a
carrier base 14 having groups or clusters of one or more
transceivers 18 that are in operative association with a com-
puter system 16 through an interconnection network 20. The
interconnection network may include electrical and thermal
materials and components that are active or passive, integral
to one another, distributed or modular, for example, on a
separate printed circuit board. The carrier base 14 may be
manufactured from a flexible fabric and act as a flexible base.
Several implementations of the carrier base 14 are described
in greater detail below. In addition, the interconnection net-
work 20 may operatively interconnect each transceiver 18
with the computer system 16 to provide power and commu-
nication functions for imaging system 10. In one preferable
embodiment of the invention, each transceiver 18 may have
the capability to receive independent electrical signals and be
electrically isolated, and in another embodiment, each trans-
ceiver 18 may be connected to one or more other transceivers
18.
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A preferable embodiment of the invention includes an
interconnection 20 that can include a multilevel or multilayer
network to achieve electrical isolation of signals such that
each transceiver 18 may functional independent of all other
transceivers 18. In a more preferable embodiment, such elec-
trical isolation may be achieved by insulating the electrically
conductive network pathways for each transceiver 18 from
one another. The various electrical connections for the trans-
ceivers 18 herein and the input/output control (shown as one
or more terminal ends 44) may be patterned and incorporated
into or onto the carrier base 14. The electrical connections
may be connected to computer system 16 either wirelessly or
with connective wiring/cables.

One or more of the transceivers, used herein as a term
inclusive of a variety of sensors detailed below, 18 may be a
device capable of both transmitting an analysis signal and
receiving a detection signal. In a preferable embodiment of
the invention, the detection signal received by selected trans-
ceivers 18 may be the echo of the analysis signal, such as in
the case of ultrasound analysis. In an alternative embodiment
of the invention, one or more transceivers 18 may be a device
capable of transmitting infrared as an analysis signal and
receiving a detection signal in the form of residual tempera-
ture or heating assessment. In yet another embodiment of the
invention, one or more transceivers 18 may be a device
capable of generating an electromotive field for movement of
chemical components and receiving a detection signal in the
form of subcutaneous electrical conductivity.

According to another aspect of the invention, the analysis
signal and the detection signal from a transceiver may be used
for obtaining imaging data to be used for multiple purposes.
The imaging data may be preferably used to form an image,
but in other embodiments of the invention the analysis signal
and the detection signal may be used for obtaining imaging
data to perform an analysis or interpretation directly for
therapy decision, guidance, analysis and follow-up. In addi-
tion, the imaging data may also be used for diagnosis, analy-
sis, determining concentration of chemicals, radiation dos-
ing, treating an area and therapy such as delivering heat or
electromotive movement of medication through skin or other
tissue, placement targeting for radiation therapy, and guided
procedures such as biopsy or surgery.

Different kinds of signals may be transmitted and/or
received by the transceivers provided herein. The analysis
signals and the detection signals from a transceiver may be
ultrasound signals, while in another embodiment the analysis
signals and the detection signals may be infrared signals.
However, other kinds of medically related analysis signals
and detection signals are also contemplated herein in accor-
dance with this aspect of the invention.

Furthermore, in a preferable embodiment of the invention,
the transceivers 18 may be devices that both transmit analysis
signals and receive detection signals. However, in alternative
embodiment, a distinct transmitter and receiver arrangement
may also be used to transmit analysis signals and receive
detection signals using separate devices to accomplish the
same or substantially similar results. In one alternate embodi-
ment of the invention, each transceiver 18 may be capable of
transmitting and receiving a wide variation of frequencies.
The combination of transceiver designs may also allow
simultaneous therapy and imaging or data acquisition.

In another embodiment of the invention, the selected trans-
ceivers 18 may be silicon-based solid-state transceivers. The
silicon-based solid-state transceivers may be into the cat-
egory of micro-electro-mechanical systems (MEMS).
Another example of a MEMS type device that may be used in
accordance with this embodiment include a capacitive micro-
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machined ultrasound transducer (c(MUT). These cMUTs may
include metallized membranes (forming the top electrode)
suspended above heavily doped silicon bulk (forming a bot-
tom electrode). An example of a producer of MEMS may be
Honeywell, Innovative Microtechnologies or Micralyne Inc.
Other embodiments of the invention herein may incorporate
the use of transducer elements such as piezoelectric transduc-
ers (such as, but not limited to, PZTs).

In yet another embodiment of the invention, the transceiv-
ers 18 may be silicon-based integrated circuit transceivers. In
a more preferable embodiment, the silicon-based integrated
circuit transceivers may be micro-electronic in design. And in
yet another embodiment, the transceivers 18 may be made
from piezoelectric crystal materials.

It shall be understood that for the various embodiments of
the invention herein, each transceiver 18 may be conceptual-
ized as or represent an entire transceiver array itself, while in
other embodiments each described transceiver 18 may be a
discrete single transceiver. Other embodiments having differ-
ing numbers and configurations of each transceiver 18 are
also contemplated.

It should be appreciated that varying number of transceiv-
ers 18 may be used and located at different positions of an
imaging array 12 in various embodiments of the invention.
The transceivers 18 may be attached to a carrier base 14 to
facilitate connection both physically and electrically.

In one alternative embodiment, a position sensor (not
shown) may be included on imaging array 12 to record the
position of imaging array 12 during a scan, such as when
imaging array 12 may move during a reading, a patient may
move during a reading, or carrier base 14 may be curved. The
position sensor may be an accelerometer, a redundant overlay,
sense-and-receive, or MiniBird, LaserBird or Flock of Birds
type of position sensors produced by Ascension Technology
Corporation, the Fastrak produced by Polhemus and the
Polaris produced by Northern Digital; however other position
sensors are also contemplated.

As shown in FIGS. 1 and 2, an imaging array 12 may be
connected to computer system 16 through connection 60 for
a variety of purposes including control and analysis of the
ultrasound image generation, three-dimensional presenta-
tion, medical diagnostic analysis and visual creation. Data
and signals may be transmitted from the imaging array 12 to
a computer system 16 through a wired connection (e.g., a
cable) such as through an electrical or optical transmission or
wirelessly.

In a preferable embodiment of the invention where a cable
connection may be used to connect an imaging array 12 to a
computer system 16, a connector device (not shown) may
facilitate joining one or more terminal ends (see FIG. 3A
(44)) of a series of one or more transducers or transceivers to
a joining coupler device (not shown) that interfaces with the
cable connect to carry signals to and from computer system
16, with the computer system being housed in one contiguous
configuration or in a distributed or modular configuration
operatively working together.

In another alternative embodiment, a wireless connection
may be used to connect an imaging array 12 to a computer
system 16. A connector device may facilitate joining one or
more terminal ends, e.g., FIG. 3A (44), of a series of one or
more transducers or transceivers to a communication device
(now shown) that interfaces with the computer system 16.

In yet another alternative embodiment, the imaging system
10 may transmit imaging data to a remote computer system
(not shown) separate from the imaging system, while in
another embodiment the imaging system may process the
imaging data using an intermediate circuit board, such as the
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image processing board from Terarecon, application specific
integrated circuit (ASIC) or chip-set or a computer system 16
that is integral to and local to the imaging system.

As with other embodiments of the invention herein, a gel-
like material described in greater detail below may be incor-
porated into or onto a carrier base 14 and the series of one or
more transceivers 18 to eliminate the need to use of a liquid
transmission gel. The dimensions of the carrier base 14 and
placement of the transceivers 18 may be oriented for specific
end-use applications and body part imaging. In a preferable
embodiment, a computer system 16 as described in greater
detail below may include hardware and/or software to pro-
vide a visual image and three-dimensional orientation of a
part of a body of a patient being imaged. Other implementa-
tions of such a computer system 16 are described in greater
detail below.

Referring to FIG. 3 A, animplementation of the invention is
illustrated that provides an imaging array 12. The imaging
array, designated 12A, may include a carrier base 14A made
from a carrier material such as ceramic materials to provide a
ceramic layer that defines a surface area 62. The group of one
or more transceivers 18 may be positioned on the surface area
62 of the carrier base 14A with an interconnection network
such as those described elsewhere herein, e.g., FIG. 2 (20),
which is in operative association with each transceiver 18. It
shall be understood that other data acquisition elements such
as transducers may be selected instead to provide alternative
embodiments of the invention herein.

In a preferable embodiment of the invention, the intercon-
nection network may be manufactured using a thick film paste
process or a metal foil process. However, metal evaporation
techniques may also be used to provide an interconnection
network such as filament evaporation, electron-beam evapo-
ration, flash evaporation, induction evaporation, and sputter-
ing. Other suitable methods, particularly those employed in
semiconductor processing, may be used in manufacturing the
interconnection networks herein which are also contemplated
in accordance with the invention.

A group of one or more terminal ends 44 as shown in FIG.
3 A may be electrically connected as part of an imaging array
to allow the transmission of signals, data and communication
with a receiving computer system, e.g., FIG. 1 (16). This
connection may be wireless or with physical wires, cables,
light fiber, etc. The terminal ends 44 can be insulated and
isolated to maintain independent signal integrity into a con-
nector device.

With respect to any of the embodiments of the invention
herein, the selected carrier material may be a ceramic material
including flexible ceramic fabrics. A variety of suitable
ceramic fabrics include those manufactured by 3M Corpora-
tion such as 3M Nextel Woven Fabric 610. It should be
appreciated that such fabric may be sized as needed depend-
ing on application of imaging array 12.

Referring to FIG. 3B, an imaging array 12A provided in
accordance with the invention is shown without transceivers,
e.g., FIG. 3A (18), to further illustrate the series of one or
more underlying terminal ends 44 corresponding to the trans-
ceivers. An interconnection network may be added thereon
which includes interconnects, e.g., FIG. 3C (20B) in commu-
nication with each transceiver at one end, and conductive
pathways 25 at the other end thereof. The conductive path-
ways 25 may include one or more terminal ends 44 adapted to
establish an operative connection with a computer system
through an selected kind of connection.

As with other embodiments of the invention herein, the
imaging array 12A may be formed with a carrier base 14
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using a single layer construction, while alternate embodi-
ments provide imaging arrays formed using a multi-layer
construction.

Referring to FIG. 3C, an implementation of an imaging
array 12B is illustrated which incorporates a multi- or dual
layer construction. The imaging array 12B may include an
interconnection network 20B substantially embedded inside
acarrier base that can be formed of a ceramic layer 53 (shown
as a first ceramic layer 48 and a second ceramic layer 49). The
interconnection network 20B can be operatively engaged
with each transceiver 18 which can remain positioned on a
surface area 62 of the ceramic layer 53.

A plurality of interconnects 24 may be embedded inside
the ceramic layer 53, while other interconnects may have a
portion 64 located atop a selected portion of the surface area
62. As discussed above, the interconnects 24 may be opera-
tively associated between conductive pathways 25 and each
respective transceiver 18 with one or more terminal ends 44
positioned along one of the sides 34 of the ceramic layer 53.
In one embodiment, the interconnects 24 may be formed of a
metal material, however other compositions and deposition
techniques may also be used, such as a thick film paste pro-
cess. Moreover, other metal evaporation techniques may also
be used to construct the interconnection networks used herein
such as filament evaporation, electron-beam evaporation,
flash evaporation, induction evaporation, and sputtering.
Other suitable methods of manufacturing interconnection
networks apparent to those of ordinary skill in the field are
also contemplated herein.

Referring to FIG. 4A, another implementation of the inven-
tion is illustrated which provides an imaging array 12C. The
imaging array 12C may include a carrier base 14C having a
first organic layer 54 engaged to a second organic layer 56.
The final number of layers can be determined based on the
configuration of the imaging array based on the intended
application. The first organic layer 54 may define a top sur-
face area 63 having each of the transceivers 18 positioned
thereon. The transceivers 18 may be in operative association
or otherwise connected with an interconnection network as
described elsewhere herein via corresponding interconnects
24 and conductive pathways 25 completely embedded in the
carrier base 14C. In one configuration of the interconnection
network, the conductive pathways 25 may have one or more
terminal ends 44 wherein each terminal end 44 may be opera-
tively connected to computer system, e.g., FIG. 1 (16).

In a preferable embodiment of the invention, the organic
layer (e.g., first organic layer 54 and second organic layer 56)
may be made from organic or polymeric materials such as
polyimide, polyester, and polypropylene polymer composi-
tions. Examples of organic layers that may be used in accor-
dance with this embodiment of the invention include organic
materials such as films, e.g., KAPTON polyimide and
MYLAR polyester films (DuPont), that have metallized lay-
ers in the form of flex circuit or membrane circuits. . In a
preferable embodiment of the invention, a polyimide film in
flex circuit membrane style, may be used in combination with
a conductive material, such as copper-based or carbon-based
products, for constructing an interconnection network used in
imaging arrays described herein. In yet another embodiment,
a MYLAR polyester film may be used for further processing
or to connect carrier base layers together by using processes
that may include embossing, metallizing, printing o, stamp-
ing, punching, crimping and coating.

Referring to FIG. 4B, another implementation of an imag-
ing array 12D provided in accordance with the invention is
illustrated. The imaging array 12D may include a carrier base
14D having a first element layer 36 and a second element
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layer 38. The first element layer 36 may include a series of one
or more elements 29, while the second element layer 38 may
alsoinclude aseries of one or more elements 29. The elements
aligned in the first element layer 36 may be positioned in a
transverse orientation or perpendicular to the elements in the
second element layer 38. As with other imaging arrays herein,
an interconnect network (not shown) and attachment pads
(not shown) may be positioned on top of the second layer 38
that contain terminal ends (not shown) (See FI1G. 4A).

Each of the elements 29 may have a core 40 that is isolated
from other cores of other elements. In a preferable embodi-
ment, the cores 40 may be made from a carbon composite or
other suitable conductive material, such as a solid metal core
or a specially formulated or treated organic composition with
conductive material integrated into the core. The elements 29
may have an organic cover 43 that defines or substantially
surrounds a corresponding core 40. The organic covers 43
may be formed of a variety of polymeric and organic materi-
als such as polypropylene, polyimide, polyamide, polyester,
or other composites, however other organic materials may
also be used.

In an alternative embodiment of the invention, each ele-
ment 29 may include one or more vias 42 that act as connec-
tion points. The vias 42 may connect cores 40 from an ele-
ment 29 located in the second element layer 38 to an element
located within the first element layer 36. Furthermore, the
vias 42 may be filled with conductive material to complete the
selected connection electrically from one conductive path or
level (layer) to the next adjoining path or level in either a
vertically or horizontally manner to allow specific and 1so-
lated access to various locations of transceivers 18. An inter-
connection network (not shown) may be positioned on top of
the second element layer 38 and may be connected to trans-
ceivers, transducers or other data acquisition elements
described elsewhere herein through vias 42 The interconnec-
tion network may also serve for power and thermal distribu-
tion and control of electrical parameters such as impedance,
inductance and cross-talk.

In a preferable embodiment of the invention, the elements
29 may be hexagonally shaped, however in other embodi-
ments elements 29 may be round, oval, octagonal, and other
regular and irregular shapes. The elements 29 may be the
same shape or different shapes throughout an element layer.

Referring to FIG. 5A, another implementation of an imag-
ing array 12E is illustrated in accordance with another aspect
of the invention. The imaging array 12E may include a carrier
base 14E made of a flex circuit membrane-like and/or a gel-
like material. In a preferable embodiment, the gel-like mate-
rial may include an interconnection network 20E embedded
therein for operatively associating or communicating with a
series of one or more transceivers 18 positioned on an outer
surface 65 of the carrier base 14E. In another embodiment, the
interconnection network 20E may be positioned on the sur-
face of the flex circuit membrane-like and/or gel-like mate-
rial. The carrier base 14E may be formed of a single layer or
multiple layers of one or more different types of flex circuit
and/or gel-like materials for application with other embodi-
ments of the invention described elsewhere herein.

The interconnection network 20E may include one or more
conductive pathways 25 in operative association with each
transceiver 18. In one embodiment, the conductive pathway
25 may be made from a metal, carbon or other suitably elec-
trically conductive material. The conductive pathway 25 may
include one or more terminal ends 44 adapted to establish an
operative and/or electrical connection with a computer sys-
tem over a selected connection as described elsewhere herein.

10

15

20

25

30

35

40

45

50

55

60

10

In a preferable embodiment of the invention, the gel-like or
other encapsulant material selected for the carrier base 14E
may be a semi-solid gel that substantially maintains its gen-
eral shape. The gel-like material may be an integral part of the
carrier or it may be used to form a sleeve-like envelope into
which the imaging array components fit. The basic composi-
tion of the gel-like material may include a silicone or polymer
gel component with variations of additives to achieve opti-
mum performance of the imaging array 12E in parameters
such as transmission, frequency, power and impedance
matching. The components of gel-like material may include
silicone, water, propylene glycol, glycerin, phenoxyethanol,
mineral oil, and coloring agents, although other components
are also contemplated. For example, the gel-like material may
also contain a combination of substances marketed as hydra-
tors, which include jojobaoil, Vitamin E, olive oil, mineral oil
and other similar nutrients. The gel-like material may be
polymer gels marketed under the name SILIPOS, the SON-
TAC gel pad. or modified Sonic Blue standard gel (product
number UP295, material safety designation MS71075 and
UP298, MS71085) produced by Tyco Healthcare Group LP. It
should be understood that other bio-compatible gel-like
materials are also contemplated in accordance with this
aspect of the invention. Furthermore, in alternative embodi-
ments of the invention, the dimensions of carrier bases
formed of gel-like material may vary from small areas just
covering transceivers up to and including a single solid sheet.
The gel-like materials that provide a top layer to cover the
transceivers may be of a different composition from the gel-
like material selected for a supporting bottom layer under the
transceivers that together form carrier base to which trans-
ceivers are attached.

Referring to FIG. 5B, another implementation of an imag-
ing array 12F is illustrated. In this implementation, the imag-
ing array 12F may include a carrier base 14E made from flex
circuit materials and/or gel-like material as noted above.
However a group or cluster of transceivers 18 selected in this
embodiment of the invention may be partially or completely
embedded (encapsulated) within the gel-like material form-
ing the carrier base 14E. In addition, a partially or completely
embedded interconnection network (including interconnects
24, conductive pathways 25, and terminal ends 44) as
described elsewhere herein may operatively associate or
facilitate signal transmissions between each transceiver 18
and a computer system as described elsewhere herein.

FIG. 5C illustrates yet another implementation an imaging
array 12G that includes a carrier base 14G that can be made
from the same or similar flex circuit-like and/or gel-like mate-
rials noted above. However, the imaging array 12G in this
alternative embodiment may have a series of one or more
transceivers 18 positioned on an outer surface 65 of the imag-
ing array 12G. An interconnection network as described else-
where herein may be also embedded inside at least a portion
of the carrier base 14G. Each transceiver 18 may be opera-
tively associated with a corresponding interconnect 24 that is
in communication with one or more conductive pathways
within the interconnection network as described elsewhere
herein. As shown, one or more terminal ends 44 can be
defined along the carrier base 14G for operative association
with acomputer system during operation of the imaging array
12G.

FIG. 6 illustrates another aspect of the invention that pro-
vides animaging computer system 16. The imaging computer
system 16 includes acentral processing unit (CPU) 70, and an
imaging input/output assembly 72, one or more input devices
74, a memory storage 76 a computer slot 81, a display device
84, a printer 86 and a network access device 88, which can be
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each electrically connected or otherwise coupled to the CPU
70. Those skilled in the art will appreciate that computer
system 16 may be implemented as a general-purpose com-
puter or a specialized device (e.g. an ultrasound system)
consisting of a combination of hardware and/or software.
Other configurations of the computer system 16 are also
contemplated herein. Furthermore, the CPU 70 may direct the
operation of the various components of computer system 16.
In one embodiment, the CPU may be a single central process-
ing unit (CPU) operating at a speed of 3 gigahertz or greater
that is housed within a motherboard (not shown), however
other CPUs of differing speeds and configurations including
multiple CPUs are also contemplated herein. Examples of
CPUs that can be incorporated with this embodiment of the
invention include Intel 1960 and Motorola PowerPC proces-
sors, however other CPUs 70 may be also selected.

The imaging input/output assembly 72 may interface with
an imaging array through a connection to send and receive
data as provided by other aspects of the invention described
elsewhere herein, e.g., FIG. 1. In a preferable embodiment,
the imaging input/output assembly 72 may communicate
with a Universal Serial Bus (USB) port. However other inter-
facing ports in association with applicable telecommunica-
tion protocols are also contemplated herein including a serial
port, a parallel port, a “Firewire” protocol (IEEE 1394) port,
and various wireless protocols. Furthermore, the input/output
assembly may include a translator board in cooperation with
a supporting software application. The translator board may
include controlling electronics for a data acquisition pad as
described herein, and may also have data processing capabil-
ity for a large 2D/3D data set. Moreover, the translator board
may work with any Windows, Apple, Unix or Sun Solaris
platform. The translator board may process and transmit real-
time or stored data between a silicon-based pad and existing
front-end electronics through a USB connector or another
standard system bus or an interface different than standard
interfaces.

One or more input devices 74 may be electrically con-
nected to the CPU 70 through a port (not shown) to receive
input from a user of computer system 16. The user may
operate the computer system 16 through the operation of one
or more input devices 74, such as by providing commands
through a keyboard and a mouse. It shall be understood that
alternate peripheral and internal devices beyond a keyboard
and a mouse as will be appreciated by those skilled in the art
may be used to obtain direction from a user of computer
system 16.

The memory storage 76 may be selected with capacity to
hold and retain data in a digital form for access by CPU 70.
The memory storage 76 may be separated into a primary
storage and/or a secondary storage, and may include respec-
tive memory allotted for each. In one embodiment of the
invention, the storage 76 can consist of a 250 gigabyte hard
drive and 512 megabytes of RAM (random access memory).
However other types of memory configurations and devices
with differing access speeds and capacities are also contem-
plated herein. In addition, the memory storage 76 may also
retain various software applications and database informa-
tion. For example, an imaging software program 80 and an
image database 78 may be selected and loaded into memory
depending on selected applications. The image database 78
may be used with implementations where data is obtained
from readings from an imaging array including those pro-
vided in accordance with other aspects of the invention
described herein. The imaging data can be stored in the image
database 78 for later use with the imaging software program
80 or other applications. In a preferable embodiment, the
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image database 78 is a SQL database but other implementa-
tions are also contemplated. A variety of imaging software
programs 80 may be used for imaging, diagnostics and/or
therapeutic delivery. Further description regarding the opera-
tion and components of the imaging software 80 are described
in greater detail below. The imaging software 80 may access
and manage data in the image database 78 which include
tables and/or databases for the generated ultrasound data/
image, comparison data, statistical processing, pattern recog-
nition and/or diagnostic support. In another embodiment of
the invention, the image database 78 may be stored in the
memory storage 76, while in other embodiments the image
database 78 may be stored in another memory device located
onsite or at a remote location (not shown).

As shown in FIG. 6, other optional devices may be coupled
to the CPU 70. The computer slot 81 may be selected to
engage and receive information from an optional portable
data storage 82. The portable data storage 82 may be used to
retain the imaging history of a particular user or patient. In
one embodiment, the portable data storage 82 is a flash
memory card. Other embodiments of portable data storage 82
that are capable transferring, storing and transporting elec-
tronic data between one or more electronic storage devices
are also contemplated. Furthermore, the display device 84
may be a selected device capable of visually presenting data
to a user of computer system 16 or a patient. Examples of
display devices 84 include personal computer (PC) screens,
projection televisions, plasma televisions, liquid crystal dis-
plays (LCD), and digital light processing (DLP) displays. In
addition, the printer 86 may be a selected device capable of
making a print out or other hard copy of desired data.
Examples of printers 86 include various impact and non-
impact printers such as dot matrix printer, daisy wheel printer,
chain and brand printer, ink jet printer, thermal transfer
printer, bubble jet printer, page printer, LED/LCD printer, dye
sublimation printers, digital photo printers, multifunction
printer and laser jet printer. In an alternative embodiment of
the invention, a network access device 88 may enable com-
puter system 16 to contact outside resources (not shown) to
send and store data. Outside resources may include computer
or computer services on an intranet or an extranet (Internet).
The network access device 88 may also include an internal or
external network card, amodem, and other wired and wireless
accesses devices as will be appreciated by those skilled in the
art. In a preferable embodiment of the invention, the com-
puter system 16 may be AN2300 Digital Ultrasound Engine
offered by Analogic, but other computer systems are also
contemplated. It shall be understood that the ultrasound imag-
ing and other data acquisition apparatus and methods
described herein can be applied to other computer systems or
ultrasound systems used in the medical field and healthcare
environment.

FIG. 7 illustrates an implementation of an imaging soft-
ware program 80 that can be used in accordance with this
aspect of the invention. In this embodiment, an operating
system 90 may be in communication with an integrated cir-
cuit such an application specific IC (ASIC), field program-
mable logic device (FPLD) or field programmable gate array
1C (FPGA), chip-set or processing circuit board and the imag-
ing software 80 that includes various modules and software
such as timing and input module 91, a frequency and power
module 92, a dynamic registration software 93, a data analy-
sis module 94, a pattern recognition module 95, a statistical
module 96, as well as an input software program 97 and a
graphics display software program 99. The operating system
90 may control the general operation of the computer system
16 including performing various system calls to control the
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computer system on a system level. In one embodiment of the
invention, the operating system 90 may be Microsoft® Win-
dows XP program, but other operating systems 90 such as
Microsoft® Windows XP and ThreadX® Real-Time Operat-
ing System (RTOS) are also contemplated.

The imaging software program may include a variety of
different modules. For example, the timing and input/output
module 91 may be selected to initiate and truncate initiation
signals with precise timing in communication with the fre-
quency and power module 92 according to each transceiver
18 to which the initiation signals are directed. The frequency
and power module 92 may be used to determine the requisite
amount of power to provide transceivers 18 to generate appro-
priate frequencies for the analysis signals. Moreover, the
dynamic registration module 93 may control the emission of
initiation signals to establish the location of one transceiver
18 with regard to another transceiver and may continue to
operate dynamically during the procedure to register changes
in the relative positions as a result of patient movement and
provide corrections if needed. The reverse operation may
receive detection signals through receiving transceivers 18 in
return through frequency and power module 92 from trans-
mitting transceivers while recording the signal strength and
timing.

Furthermore, the computer system 16 may capture the data
from returning signals, compare the data to outgoing signal
timing, power and other parameters and perform calculations
to produce imaging information. In one embodiment of the
invention, the imaging information may be translated to rep-
resent the structure shape and density of the tissue imaged.
The imaging information may be also used to create a visual
representation in 2D or 3D or a viewing monitor and or print
out. A preferable embodiment of the invention, a diagnostic
application is provided for ultrasound imaging used at both
higher and lower frequencies at specific times to achieve
image enhancement, three dimensional quality and real-time
operation. Higher frequencies such as 5 to 10 MHz may
provide a higher imaging quality with an improved axial
resolution and lower frequencies such as 2 to 4 MHz may
penetrate deeper body tissues. The use of a broad bandwidth
of frequencies matched to the operation being performed may
enable desired imaging resolutions.

The data analysis module 94 may use the output of the
imaging data to create an image that can be viewed visually or
in three-dimensional format or be directly translated into
image data that can be directly interpreted by electronic or
automated comparison to input software 97. The data analysis
module 94 may use the output of the imaging data to deter-
mine whether a particular area is an area of concern. In one
embodiment, the determination of whether a particular area is
an area of concern may be by comparing current imaging data
against previously stored imaging data, while in another
embodiment the determination of whether a particular area is
an area of concern is by comparing current imaging data
against a general range for a type tissue.

The statistical module 96 may contain data from estab-
lished medical guidelines and clinical evidence typically used
by medical professionals to analyze images for comparison to
established guidelines to make a determination of areas of
concern.

The pattern recognition software 95 may contain patterns,
data, and decision parameters that may be applied to the
output of data analysis module 94 that presents the repre-
sented image or data from the current imaging procedure. The
pattern recognition module (95) may support selection of or
the identification of structures, dimensions, and anomalies
through electronic comparison to the input software 97 con-
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taining the established normal data for the structures of inter-
est. The data from the comparison may generate data for the
differences and amount of variation between the input soft-
ware 97 normal ranges and the current image data from the
data analysis module 94 which may then be analyzed by the
statistical module 96.

The input software 97 may contain data from established
medical guidelines and clinical evidence that may be used by
individuals in reading images for comparison to established
guidelines to make the determination of normal. The data
may include information such as tissue density, thickness,
regularity, size, opaqueness and placement.

The graphics display software 99 may take information
from the data analysis module 94, as may be adjusted by the
dynamic registration software 93, and translate the informa-
tion into a visual representation such as may be compatible
with a graphics display screen. In one embodiment, the
graphics display screen is a computer monitor, but other
screens are also contemplated. In one embodiment, the visual
representation is three dimensional and display in real-time,
although other dimensional representations and timings are
also contemplated. In one embodiment, the visual represen-
tation may be in color, although other non-color representa-
tions are also contemplated.

It shall be understood that various imaging software pro-
grams may be selected for use with invention herein. Com-
puter systems may include different types of application sofi-
ware programs including ultrasound programs for specific
applications and kinds of images that may be selected from a
menu or downloaded as chosen by the user.

Another aspect of the invention provides methods of per-
forming imaging with the apparatus and systems provided
herein. For example, FIG. 8 illustrates an implementation of
an imaging operation that be performed which first includes a
step 200 where one or more transceivers of an imaging array
described elsewhere herein are designated in one or more
array locations. In one embodiment of the invention for diag-
nostic applications, the transceivers may be discreetly orga-
nized into four different array locations. When selected trans-
ceivers are MEMS or cMUT types of devices, the number of
elements may be selected as 64, 128, and/or 256, or more
elements. However, different numbers of elements may be
selected in other embodiments. The imaging operation next
includes a step 201 where a computer system, e.g., FIG. 6
(16), obtains a range of transmission frequencies. In a pref-
erable embodiment where the imaging array is being used for
mammography, the range of frequencies may be 2-4 MHz,
while in another embodiment where imaging array is being
used for a deep body cavity read the range of frequencies may
be 5-7 MHz. In an alternative embodiment, the range of
frequencies can be based on prior clinical information as used
during ultrasound readings. However other frequency ranges
as will be appreciated in the art are also contemplated.

The computer system at step 202 then generates the trans-
mission frequencies within the desired range. A broad band-
width of frequencies can be used, however other usage of
frequencies are also contemplated. An analysis signal may be
intermittently pulsed to reduce the heating of tissue, or may
be continuous to provide ultrasound therapy to treat injured
muscles and tissues. In an embodiment where the imaging
system may be used for diagnostic applications, a broad band-
width of frequencies may be selected and generated which
include higher frequencies such as 5-10 MHz to provide
relatively better imaging quality with a better axial resolution
and lower frequencies such as 2-4 MHz to penetrate deeper
body tissues.
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The computer system at step 204 can next associate the
transmission frequencies with selected timing and array loca-
tions for transmission and reception. The analysis signals can
be directed towards different locations of the imaging array. It
should be appreciated that the imaging systems selected
herein may designate array locations to control the pulse
generation and pulse transmission timing and reduce the lis-
tening time for receiving returning echoes. In one embodi-
ment of the invention, an array location may be used for both
sending analysis signals and receiving detection signals,
while in another embodiment different array locations may be
used for sending analysis signals and receiving detection
signals. Alternatively, the analysis signals and detection sig-
nals may be sent and received nearly simultaneously.

The computer system at step 206 can next initiate the
transmission of the analysis signals at selected frequencies at
the indicated timing on array transmission locations. The
array transmission locations may be where one or more trans-
ceivers that have been designated by the computer system for
transmission.

Thereafter at step 208, the computer system can receive the
detection signals on array reception locations. The array
reception locations may be one or more transceivers that have
been designated by the computer system for reception.

The computer system at step 210 then calculates the imag-
ing data from the received detection signals at step 210.
Thereafter, the computer system at step 212 may compare
imaging data against expected data.

Atdecision point 214, the computer system can determines
if the comparison (i.e., the imaging data against the expected
data) is within a selected or desired range. If the imaging data
is within range, then computer system at step 218 may handle
the imaging data in a standard or predetermined way. In one
embodiment, the handling the imaging data in a standard way
may be to store the imaging data in an image database. If the
imaging data is not within range, the computer system at step
216 may proceed to capturing the imaging data for the area of
concern. After step 216 or step 218 is performed, this imple-
mentation of creating images in accordance with this aspect
of the invention is complete (END).

FIG. 9 describes another aspect of the invention that pro-
vides imaging systems and methods with groups of transceiv-
ers that can selectively transmit and receive imaging signals.
A plurality of transceivers within an imaging array such as
those described elsewhere herein may each have the capabil-
ity of transmitting analysis signals and receiving detection
signals. By way of example, a transceiver 18A may transmit
one or more analysis signals that are deflected by an object 46
and received by a transceiver 18B in order to provide infor-
mation to a computer system in order to produce an image
based on such the imaging data. As such, transmission of one
or more analysis signals sent by one or more transceivers 18A
may be received by those particular transceivers 18B or any of
the other transceivers as desired. In a preferable embodiment
of the invention, one or more transceivers may be grouped
into array locations such that transceivers 18A at one or more
locations send a detection analysis signal, and one or more
transceivers 18B at one or more locations may receive a
detection signal.

Another aspect of the invention provides systems and
methods for performing imaging scans according to a prede-
termined pattern with configurable transceivers. Referring to
FIG. 10A, an implementation of following a concentric
circles scanning pattern is illustrated. In this implementation,
a transceiver 400 may be designated as both a transmitting
transceiver and a receiving transceiver. Meanwhile, other
transmitting transceivers may send an analysis signal and
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receiving transceivers may receive a detection signal. Unused
transceivers 404 may neither transmit nor receive signals
during this scanning pattern. It shall be understood that this
and other embodiments of the invention below may be
applied to transceivers illustrated in this and other figures
herein such that any group of one or more elements can be
configured and controlled by computer to selectively transmit
and/or receive analysis signals (see FIG. 6).

Referring to FIG. 10B, an implementation using a concen-
tric circles scanning pattern is illustrated. In this implemen-
tation, a first transceiver may be designated as transmitting
transceiver 400 and a second transceiver may be designated as
receiving transceiver 402. The transmitting transceiver 400
may send an analysis signal (shown with staggered lines
herein) and the receiving transceiver 402 may receive a detec-
tion signal. Unused transceivers 404 may neither transmit nor
receive signals during this scanning pattern.

Referring to FIG. 10C, another implementation using a
concentric circles scanning pattern is illustrated. In this
implementation, a first transceiver may be designated as
transmitting transceiver 400 and three transceivers may be
designated as receiving transceivers 402. The transmitting
transceiver 400 may send an analysis signal and each receiv-
ing transceiver 402 may receive a detection signal. Unused
transceivers 404 may neither transmit nor receive signals
during this scanning pattern. Again it shall be understood that
any number of transceivers shown in this and other figures
herein can configured to transmit and/or receive analysis sig-
nals or no signal at all.

Other patterns besides concentric circle scanning patterns
canbe alternatively used also. Referring to FIG. 10D, another
embodiment of the invention providing a line-to-line scan-
ning pattern is illustrated. In this implementation, a first trans-
ceiver may be designated as transmitting transceiver 400 and
a second transceiver may be designated as receiving trans-
ceiver 402. The transmitting transceiver 400 may send an
analysis signal and the receiving transceiver 402 may receive
a detection signal. Unused transceivers 404 may neither
transmit nor receive signals during this scanning pattern. This
and other line-to-line scanning implementations herein can
be applied to any of the concentric circles transceiver patterns
described above or vice versa.

Referring to FI1G. 10E, another implementation of a line-
to-line scanning pattern is illustrated. In this implementation,
a first transceiver may be designated as transmitting trans-
ceiver 400 and a group of three transceivers may be desig-
nated as receiving transceivers 402. The transmitting trans-
ceiver 400 may send an analysis signal and each receiving
transceiver 402 may receive a detection signal. Unused trans-
ceivers 404 may neither transmit nor receive signals during
this scanning pattern.

Referring to FIG. 10F, yet another implementation of a
line-to-line scanning pattern is illustrated. In this implemen-
tation, a first transceiver may be designated as transmitting
transceiver 400 and two transceivers may be designated as
receiving transceivers 402. The transmitting transceiver 400
may send an analysis signal and each receiving transceiver
402 may receive a detection signal. Unused transceivers 404
may neither transmit nor receive signals during this scanning
pattern.

Referring to FIG. 10G, another alternative implementation
of a line-to-line scanning pattern is illustrated. In this imple-
mentation, a group of three transceivers may be designated as
transmitting transceivers 400 and a transceiver may be des-
ignated as a receiving transceiver 402. The transmitting trans-
ceivers 400 may each send an analysis signal and the receiv-
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ing transceiver 402 may receive a detection signal. Unused
transceivers 404 may neither transmit nor receive signals
during this scanning pattern.

Referring to FIG. 10H, yet another alternative implemen-
tation of a line-to-line scanning pattern is illustrated. In this
implementation, a group of three transceivers may be desig-
nated as transmitting transceivers 400 and two transceivers
may be designated as receiving transceivers 402. Each trans-
mitting transceivers 400 may send analysis signals and each
receiving transceiver 402 may receive detection signals. The
unused transceiver 404 may neither transmit nor receive sig-
nals during this scanning pattern.

Referring to FIG. 101, another embodiment of the inven-
tion providing a group-to-point scanning pattern is illustrated.
In this implementation, a group of six transceivers may be
designated as transmitting transceivers 402 and a transceiver
may be designated as receiving transceiver 400. Each trans-
mitting transceiver 402 may send an analysis signal, and the
receiving transceiver 400 may receive the detection signals.
Unused transceivers 404 may neither transmit nor receive
signals during this scanning pattern.

Referring to FIG. 10J, another embodiment of the inven-
tion providing a point-to-group scanning pattern is illustrated.
In this implementation, a transceiver may be designated as a
transmitting transceiver 402 and a group of transceivers may
be designated as receiving transceivers 400. The transmitting
transceiver 402 may send analysis signals and each receiving
transceiver 400 may each receive a detection signal. Unused
transceivers 404 may neither transmit nor receive signals
during this scanning pattern.

FIG. 11 illustrates yet another aspect of the invention that
provides methods for manufacturing configurable imaging
arrays provided inaccordance with other aspects of the inven-
tion, e.g., FIG. 3A (12A). In this implementation, a user at
step 300 produces and then cuts to a predetermined configu-
ration a ceramic material for providing a ceramic layer as
described elsewhere herein, e.g., FIG. 3C (53). The user may
then place the ceramic layer in a fixture (not shown) at step
312. Once the ceramic layeris in the fixture, at step 314 a thick
film application can be performed to produce a conductive
pathway and interconnects on the outer surface area of the
ceramic layer forming the carrier base in order to produce the
interconnection network, e.g., FIG. 5A. At step 316, an
attachment process can be also performed. In an alternative
embodiment of the invention, the attachment process may
follow the principles of low temperature co-firing ceramic
technology using “green-stage” ceramic that has been dried
and partially cured or fired, then aligned and subjected to
additional temperature to bond the layers through an addi-
tional curing reaction process. After the attachment process
316, the ceramic layer may be prepared at step 318 for accept-
ing placement of one or more transceivers. The ceramic layer
53 may be prepared by using screen printing, sputtering or
evaporation deposition. A series of attachment pads, which
act as “landing sites” for transceivers, can be also prepared for
electrical and mechanical attachment by placing a conductive
epoxy, metal preform or eutectic solder upon which a trans-
ceiver is placed. In a preferable embodiment, the attachment
pads may be formed of conductive metals and materials such
as silver, gold, epoxy and carbon. The one or more transceiv-
ers can be then positioned in a predetermined arrangement on
the surface area of the ceramic layer at step 320 such that the
interconnection network may then be operatively engaged or
otherwise in communication with each transceiver.

The aforementioned attachment processes, e.g., step 316,
may be performed in a variety of ways which include either a
drying and curing process using heat and timing, or melting of
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the metal just before placing the transceivers, or use of ultra-
sonic power to form the bond between metallized material
and the transceivers. Examples of preferable metal materials
include: DuPont CB220 (copper) and CB230 (silver/copper)
materials that are fully screenable and solderable and may be
used on a wide variety of substrates to create fully additive
circuits and crossovers; and DuPont 951 Green Tape™ sys-
tem which may deliver line spacing and resolution as fine as
100 pum, via diameters as small as 100 um, and can be fabri-
cated with more than 100 layers. An example of a device
manufactured according to this process yielded a produced
circuit that had eight layers, nine conductive layers (including
ground plane), 10-mil lines and spaces, and an average of 150
vias per layer. Another example device produced by such
methods provided a circuit that was manufactured as part of a
12-up array using DuPont 951 Tape, 5734 metal-filled paste
for the conductors, and 5718 Gold-loaded conductive paste
for the via fill. The 943 Low Loss Green Tape™ system may
deliver high frequency performance with minimal dielectric
loss. In a preferable embodiment of the invention, the opera-
tive engagement may be accomplished by wire bonding, tape
automated bonding (TAB), tape ball grid array (TBGA), flip
chip bonding, through-wafer bonding, and evaporation and
diffusion processing, however other methods used in the
assembly of integrated circuits and MEMs devices which are
also contemplated.

Referring to FIG. 12, another implementation of the inven-
tion is illustrated that provides a method for manufacturing a
multi-layer imaging array, e.g., FIG. 3C. In this implementa-
tion, a first ceramic layer (48) and a second ceramic layer (49)
at step 324 are provided and made from a flexible ceramic
material knownin the art and described elsewhere herein. The
first ceramic layer may then be placed in a fixture (not shown)
at step 326 for the securing ceramic layer for proper orienta-
tion and registration when applying an interconnection net-
work. Once the first ceramic fabric layer is placed in the
fixture, at step 328, a thick film screen print application may
be utilized for applying a conductive paste, such as a paste
made from titanium or other suitable metals and alloys suit-
able for electrical conductivity. At step 330, the first ceramic
layer can be subjected to a heating process to dry and cure the
conductive paste. At step 332, a pattern of holes may be
formed through the second ceramic layer in a predefined
pattern in order to construct each corresponding interconnect
within the interconnection network. Once the pattern of holes
are formed, the first ceramic layer at step 334 may be placed
under and aligned with the second ceramic layer such that the
holes are properly registered with certain portions of the
conductive pathway and the holes are filled with a conductive
paste as well as selected portions of the surface of the second
ceramic layer. At step 336, a second heating process may be
performed on the first and second ceramic layers such thatthe
conductive paste is cured and the interconnects thereby con-
structed. After construction, a selected end of the intercon-
nects may connect to the network, and the other end may
include a metal attachment pad and a bonding pad for physi-
cal and electrical connection to a corresponding transceiver at
step 340. After attachment of each transceiver to a respective
the interconnect, at step 342, the transceivers can be opera-
tively associated or otherwise connected with the intercon-
nection network.

FIG. 13 illustrates yet another method for manufacturing
an imaging array, e.g., FIG. 4A, in accordance with the inven-
tion. In this implementation, a first organic layer (54) made
from an organic material can be cut or produced at step 344.
At step 346, the first organic layer may be secured in a fixture
(not shown). An interconnection network as described else-
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where herein may then be constructed on or added to the
surface of the first organic layer using conductive paste or
metallic pathways or a membrane circuit with conductive
traces to form a conductive pathway (25) at step 348. In a
preferable embodiment, the conductive pathway may be
made by adding either metal wire, conductive paste or a
membrane onto the first organic layer. The conductive path-
way may be also formed with a pattern of metal wires or traces
or conductive paste that allows the transmission of electrical
current from an outside controlling source of imaging system,
e.g., FIG. 1 (10), through a carrier base to a group of one or
more transceivers. The structure and insulation of the con-
ductive pathway may allow controlled access and timing for
input and output detection signals. Another or a second
organic layer (shown as a second organic layer 56) may be cut
or produced at step 350. Once the first and the second organic
layers are drawn or produced, corresponding vias (42) can be
created through the second organic layer at step 352. In a
preferable embodiment, the vias can be added in a regular or
desired pattern, with the locations of the vias determined by
the electrical signal sequencing predetermined for the signal
control related to the procedure to be performed. At step 353
a desired attachment material may be placed on second
organic layer 56. Thereafter, the second organic layer may be
aligned and placed on top of the conductive pathway at step
354. In a preferable embodiment of the invention, the organic
layers can be attached using an adhesive layer, application of
heat or mechanical crimping or punch-through, or a combi-
nation of these and other techniques known to those skilled in
the art. Forexample, with the use of an adhesive, either a layer
or point application may apply an epoxy-type of liquid or
semi-liquid material to the first organic layer. The second
organic layer may be aligned, and the two layers brought
together afterwards, followed by a drying and curing process
step to achieve adhesive bonding. These steps may be
repeated again for additional layers of organic materials
depending upon a selected design and application of the final
product. Heat at the melting point temperature may also be
applied at selected locations to achieve a controlled re-melt-
ing and bonding of the layers following the alignment of the
two or more layers. In an alternative embodiment, to
mechanically attach the layers, post-alignment, it may be
possible to use a punch-through or crimping operation
accomplished with a laser, crimp or needle-like apparatus.
At step 355, a conductive material may be deposited inside
vias for constructing each interconnect. Once the intercon-
nects are constructed, the second organic layer may be placed
over and aligned with the first organic layer at step 354 such
that respective holes are properly registered with certain por-
tions of the conductive pathway. The curing/attachment pro-
cess may be performed next at step 356. With use of an
adhesive, either a layer or point application may apply an
epoxy-type of liquid or semi-liquid material to the first
organic layer. The second organic layer may be aligned and
the two layers brought together, followed by a drying and
curing process step to achieve adhesive bonding. These steps
may be repeated again for additional layers of organic mate-
rials dependent upon a selected design and application of the
final product. Heat at the melting point temperature may also
be applied at selected locations to achieve a controlled re-
melting and bonding of the layers following the alignment of
the two or more layers. In an alternative embodiment, to
mechanically attach the layers, post-alignment, it may be
possible to use a punch-through or crimping operation
accomplished with a laser, crimp or needle-like apparatus. At
decision point 357, if another organic layer is to be added, the
method returns to step 350 and repeats steps 352-356 for the
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addition of another organic layer. If another organic layer is
not be added, the method proceeds to step 358. The transceiv-
ers for the array are attached on the top most organic layer
(e.g., second organic layer 54) at step 358. Thereafter, at step
360 the transceivers may be placed directly on top of and
connected to a chip that controls various parameters such as
timing, power or frequency and are interconnected to the
interconnection network. This implementation of the forgo-
ing array manufacturing method is thereafter complete.

FIG. 14 illustrates yet another method for manufacturing
an imaging array, e.g., FIG. 4B, in accordance with the inven-
tion that includes at least two organic layers, e.g., first organic
layer 54 and second organic layer 56. In this implementation,
an imaging array (12D) is manufactured having a first organic
layer that can be made from an electrically conductive organic
fabric that is drawn or produced at step 362. The first organic
layer can be solid, but other states of the first organic layer are
also contemplated, e.g., semi-solid, gel like. A second organic
layer can also be selected and made from a variety of electri-
cally conductive organic fabric which may be drawn or pro-
duced at step 364. The second organic layer may be added
from molten filaments formed and placed on top of the elec-
trical interlayer connection and the first organic layer. In one
embodiment of the invention, a continuous-feed type of
manufacturing operation may be used.

Once the first and the second organic layers are drawn or
produced, a selected number of vias (42) can be created
through the second organic layer at step 366. In one alterna-
tive embodiment, the vias can be added in a regular pattern,
which may be determined by the electrical signal sequencing
predetermined for the signal control related to the procedure
to be performed. At step 367, the first organic layer may be
aligned with the second organic layer in a fixture (not shown).
Once the first and second organic layers are aligned in the
fixture, the next step of attachment layer processing may be
performed on the first organic layer and the second organic
layer at step 368. Thereafter, at step 369 an interconnection
network (20) may be formed or produced, the vias may be
connected, and the interconnection network may be added by
attachment layer processing as described elsewhere herein. In
a preferable embodiment, the interconnection network may
be a conductivity pathway placed between the first and the
second organic layers to allow electrical signals to flow. The
electrical interlayer connection may be achieved by adding
either metal traces or wires, conductive paste or a membrane
with conductive pathways, although others are also contem-
plated. In an alternate embodiment of the invention formed
with both first and second organic layers, the electrical inter-
layer connection may be added on top of the first layer organic
layer, while in another embodiment with more than two
organic layers the electrical interlayer connection may be
added on all but the last formed layer. When a desired number
of input-output signals are selected, the imaging array may
utilize additional electrical interlayer connections between
additional organic layers to send and receive the signals with
adequate separation and insulation of the conductive path-
ways to achieve a desired resistance, impedance, speed and
reliability. The layer attachment processing step may be
accomplished by layer bonding, application of an adhesive
layer or heat, or mechanical crimping or punch-through, or a
combination of these and other known techniques. In another
alternate embodiment, he layer bonding may be achieved by
applying heat, having a change of physical state, drying and
curing to create a bond or attachment between the layers of
organic fabric, following the step where the conductive core
filaments are created, drawn, or formed and laid down in a
fabric-like weave or pattern.
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At step 370, a series of attachment locations can be added
for the transceivers and the interconnection network. There-
after, at step 371 each transceiver may be connected to cor-
responding attachment locations. In one embodiment, the
connection may be both the physical attachment to the land-
ing pad sites and the electrical connection to the interconnec-
tion network. After the connection process is completed, each
transceiver can be operatively associated with the intercon-
nection network at step 372. After step 372, an optional addi-
tional step may be followed in covering the transceivers with
a gel-like material such as those described elsewhere herein,
e.g., FIG. 5A. It should be appreciated that the number of
organic layers used in this and other particular embodiments
described herein may depend on the desired electrical signal
complexity for a particular application and imaging array.

Another aspect of the invention provides methods of oper-
ating imaging systems provided in accordance with the inven-
tion. For example, as shown in FIG. 15, amethod of operating
the imaging system provided herein is illustrated that
includes a step 374 whereby selected locations of a number of
transceivers (18) may be determined for a particular imaging
array (12). In one embodiment, an initiation signal may be
used to establish the locations of the transceivers in the imag-
ing array. The initiation signal may be a signal sent to the
transceivers to establish their locations with regard to one
another and a reference point. Another embodiment of the
invention includes the step of calculating the location of the
transceivers by using external laser measurements and sens-
ing, or by measuring a signal delay across the interconnect
network, or using strain gauges which may be employed in
either silicon or metal configurations, in order to register the
angle and amount of bending flexure across the imaging
array. It shall be understood that these and other methods of
determining the location of the transceivers are also contem-
plated herein. In one embodiment, the imaging system may
also record the position of the imaging array during a scan to
adjust the location of the transceivers. In another embodi-
ment, a series of one or more optical measurements in the
imaging array or externally may be taken to register the angle
and amount of bending flexure across the imaging array.

At step 376, a selected number of parameters are defined
for scanning. In one embodiment of the invention, the param-
eters may include frequency, power, timing and pattern for the
detection signal. The frequency, power and timing may be
selected according to the particular area of concern (e.g., type
of tissue) and the kind of imaging desired. One or more
scanning patterns may be selected at step 378. The scanning
patterns may include concentric “circles”, line-to-line, point-
to-point, point-to-grouping, and grouping-to-point, as
described elsewhere herein, e.g., FIGS. 10A-], however other
scanning patterns are also contemplated for use according to
these and other aspects of the invention. The kind of scanning
patterns that may be used in accordance with the invention
may depend upon a number of factors including a particular
array configuration being used, the area of concern being
scanned, and the type of imaging data desired. For example,
an approximate concentric-circular array configuration may
be chosen for scanning breast tissue. The pattern selected for
a standard annual exam may proceed with transmission of an
analysis signal from a single, central transceiver (18A) with
reception of the detection signal occurring at one or more
transceivers (18B) at one or more locations across the entire
placement of transceivers within the concentric-circular
array. A series of next steps may be performed to alternately
step through the array locations of transceivers to achieve an
optimal image by varying angles, frequencies and locations
of the analysis signal. Furthermore, in a preferable embodi-
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ment of the invention, a rectangular array of transceivers (18)
may be chosen for scanning skin tissue. The scanning pattern
chosen may proceed from one line of transceivers to a next
line of transceivers, which may alternate through several
locations in order to approximate the necessary movement of
the signals, therefore the angle of the analysis signals and
detection signals to achieve the best or optimal imaging data
from variable angles of view. In another embodiment of the
invention, the placement, pattern and separation of each
imaging array may be matched according to the type of imag-
ing being performed. The location of each individual trans-
ceiver may be electronically addressed with specified power,
timing, and selected distance and/or angle, to create multiple
scan lines.

At step 382, detection signals can be transmitted and
received by one or more transceivers on the imaging array. In
one embodiment, the transmit and receive functions of trans-
ceivers may be coordinated and timed for three-dimensional
imaging and real-time imaging. In another embodiment, the
generation of detection signals and data collection of the
imaging system may be electronically controlled for moving
the ultrasound signal through a specified pattern of transceiv-
ers on the imaging array. The detection signals can be created
by each transceiver, and may be controlled so as to not cause
interference with another transceiver.

At step 384, the detection signal strength and timing as
received from the transceivers can then be compared to an
expected transmission. In one embodiment of the invention,
selected translations or corrections can be made for the origi-
nating signal location when necessary. It should be appreci-
ated that a combination of frequencies may be matched to the
tissue to optimize resolution and depth of penetration. The
timing and pattern sequence for sending and receiving detec-
tion signals may minimize interference, improve resolution
and support three-dimensional image creation real-time.

FIG. 16 illustrates another method of manufacturing an
imaging array in accordance with another embodiment of the
invention having a carrier base (14E) made from a flex circuit-
like and/or a gel-like material, e.g., FIG. 5B. In this imple-
mentation, an interconnection network such as those
described elsewhere herein may be produced at step 392.
Thereafter, at step 396 a selected number of one or more
transceivers (18) may be attached. The transceivers may be
connected to the electrically conductive network at step 400.
Thereafter, the gel-like material may be added at step 402. In
one embodiment of the invention, the transceivers and the
electrically conductive network may be embedded or encased
in gel-like material or in liquid form. In another embodiment,
the gel-like transmission layer is separate from and later
added to or on top of the surface of the transceivers. At step
404, the gel-like material may be processed, dried and cured.
In a preferable embodiment, the processing, drying and cur-
ing steps may be performed to achieve a semi-solid consis-
tency. Thereafter, this implementation of the foregoing
method 1s complete.

Referring to FIG. 17, another method is shown for operat-
ing an imaging system provided in accordance with the inven-
tion. In this implementation, an imaging array is selected and
placed over a body area at step 406. As with other imaging
array assemblies described elsewhere herein, it should be
appreciated that the imaging array may eliminate or not
necessitate the use of a liquid transmission gel dispensed onto
the patient, through the use of a gel-like material as a carrier
material or cover or transmission-aid material, such as those
described elsewhere herein with the imaging array. A particu-
lar kind of gel-like material may be selected for certain per-
formance characteristics such as having increased transmis-
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sion efficiencies. In one embodiment of the invention, the
imaging array may be placed or fastened in place by use of
mechanical means, fasteners or adhesives. The imaging array
may be placed at a desired location by applying adhesives
directly to a subject or patient. In one embodiment, the imag-
ing array may be placed into position by the use of a regis-
tration mark, a locator or a reference point. In another
embodiment, registration may be established using a unique
imaging feature of the subject tissue itself The imaging array
may also be hands-free in operation with one-time, stationary
placement. In one embodiment, the imaging array will be
configured to be a disposable and/or one-time use array. In
another, embodiment only the gel component may be dispos-
able.

At step 408, an operator may initiate a desired imaging
software program (80) including those described elsewhere
herein. The program can be initiated once an operator selects
a frequency range based on the particular end use or applica-
tion of the imaging system, and upon selection of an imaging
routine as defined earlier herein. In one embodiment of the
invention, the frequency range may be selected for imaging a
specific body tissue. For example, the frequencies used for
imaging may be selected in the range of 1-20 MHz. A range of
frequencies may be used for pregnancy ultrasounds including
arange from 1.6-10 MHz, while in other embodiments of the
invention the selected frequencies used for pregnancy ultra-
sounds may range from between 3 and 7.5 MHz. The range
for breast tissue applications may be 3.0-9.0 megahertz. It
should be appreciated that desired ranges for various other
tissue types may be used and are known in the art.

It should be appreciated that step 406 and step 408 can
occur in either order, or that the steps may occur simulta-
neously or nearly simultaneously. Other steps in the proce-
dures and methods described herein may also be performed in
a different sequence as described above unless otherwise
specified.

The selected imaging software at step 410 may then run a
scan and provide a reading indicating whether the body area
scanned register normal readings or whether further analysis
is required. For example, a reading may be considered normal
when falling within an expected range, or a reading may
require or suggest further analysis when it falls outside of an
expected range.

The images generated by the computer imaging system can
be varied. In one embodiment, the computer system processes
the ultrasound data received from the transceivers to produce
either a two-dimensional, or a data-slab, or a three-dimen-
sional (3D) image, or real-time 3D (called 4D) as selected by
the medical professional and can display an enhanced view of
the human body part undergoing examination. In another
embodiment, the readings taken can be used to generate a
medical ultrasound image, data and information, in a three-
dimensional format that can be presented as a translucent
data-set to see inside tissue structure for off-line analysis or
real-time in a case such as biopsy or surgery. The ultrasound
image may be of a part of the human body exposed to trans-
mitted ultrasound signals, and receiving the reflected or trans-
mitted ultrasound signals in the format electronic signal
information. The images generated may be characterized as
normal as a point of reference for future comparison against
images from the same patient over an extended period of time.
Furthermore, the readings may be used to render a three-
dimensional image that may be used for diagnostic analysis
of the patient’s body tissue or organ system that has been
imaged.

It may be desirable to monitor the movement of the patient
or the ultrasound assembly during operation of the imaging
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arrays herein using apparatus such as an accelerometer. The
imaging array may be stationary during readings, however in
certain embodiments of the invention the imaging arrays may
be moved during operation.

Atdecision point 412, theimaging software may determine
action that should be taken based on whether the reading is
within an acceptable range at step 410. If the reading is within
a selected range, then the imaging software at step 414 may
perform standard collection of image data. The standard col-
lection of image data may preferably store the image data
within an image database (78) as described elsewhere herein.
If the reading is not within an acceptable range, then the
imaging software at step 416 can performs an enhanced col-
lection of image data. In one embodiment of the invention, the
enhanced collection of image data may capture additional
image data, while in another embodiment, the enhanced col-
lection of image data may capture image data at a higher
resolution. The data set for storage can be a complete set or a
subset that is statistically chosen to capture critical data points
only so as to minimize the amount of computer memory
required for storage. The image data stored at step 414 or step
416 may be additional or alternatively stored on a portable
data memory storage device (82) as described elsewhere
herein or a translator circuit board for data processing or
image creation to interface with a third party system. The
electronic signals may then be processed and analyzed to
produce an image for display and/or the image data may be
transmitted to a third party for a variety of purposes including
collaboration and remote analysis. In an embodiment of the
invention, a selected group of three-dimensional image data
may be analyzed statistically against a set of pattern-recog-
nition parameters to provide an adjunctive medical analysis
of the body part of interest. The statistically highlighted criti-
cal areas of interest may then be selected for storage. Upon
completion of step 414 or step 416, the imaging system may
utilize the image data for further processing.

In accordance with another aspect of the invention, further
processing of the data image may include treating the area of
concern. Treating the area of concem include a variety of
activities such as providing therapeutic treatment to the area
of concern, however other treatments are also contemplated.
For example, treatments may include determining concentra-
tion of chemicals, radiation dosing, treating an area and
therapy such as delivering heat or electromotive movement of
medication through skin or other tissue. In addition, further
processing of the data image may involve communicating or
transmitting the image data or analysis to a medical practitio-
ner, a collaborator, the patient or a remote or local storage.
Further processing may also include lensing and/or magnifi-
cation of the area of concern for additional data. Accordingly,
upon completion of step 418, this implementation of the
foregoing method is complete. As with other embodiments of
the invention described above, a computer system (16) may
be used to create a patient code for selected image informa-
tion for storage, retrieval and comparison of successive ultra-
sound exarminations for any individual or groups of individu-
als.

It should be appreciated that imaging array systems and
related methods of use herein may be used for a variety of
imaging applications, such as ultrasound imaging, tempera-
ture sensing, infrared, magnetic, or topographical imaging. It
should also be appreciated that the imaging arrays may enable
a user to make a reading of an area without repositioning the
imaging array, and the imaging system may highlight image
data deemed important for a particular application, and may
support decreased requirements for storage of the images
because of the capability of narrowing the readings to areas of
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greater concern. Preferable embodiments of the invention
provide imaging arrays that may be formed of relatively low
cost materials and components, e.g., transceivers, transduc-
ers, carrier material, suitable for single-time use, or as a
disposable item, while in others embodiment provide imag-
ing arrays that may be used multiple or numerous times. In
particular, the method of constructions and manufacturing
herein can encompass more than just ultrasound transceivers,
as noted above but can be equally applicable for measuring or
data acquisition on temperature, infrared, optical, or statisti-
cal screening of ultrasound data. The data acquisition systems
provided herein are not deemed “fixed” and can be modified
in various ways. Various components of the system can be
tailored according to particular needs reflecting a modular
approach such that a probe, imaging or control software, and
a corresponding translator board can be manufactured sepa-
rately but work together to address a specific application for
medical data acquisition. At the same time, and as a result, an
entire data acquisition system may be variably configured as
desired.

It should be understood from the foregoing that, while
particular implementations have been illustrated and
described, various modifications can be made thereto and are
contemplated herein. It is also not intended that the invention
be limited by the specific examples provided within the speci-
fication. While the invention has been described with refer-
ence to the aforementioned specification, the descriptions and
illustrations of the preferable embodiments herein are not
meant to be construed in a limiting sense. Furthermore, it
shall be understood that all aspects of the invention are not
limited to the specific depictions, configurations or relative
proportions set forth herein which depend upon a variety of
conditions and variables. Various modifications in form and
detail of the embodiments of the invention will be apparent to
aperson skilled in the art. It is therefore contemplated that the
invention shall also cover any such modifications, variations
and equivalents.

What is claimed is:
1. A portable ultrasound imaging data acquisition device
for sending and receiving ultrasound signals comprising:

an array configured of a plurality of individually address-
able capacitive microfabricated ultrasound transceivers
(¢cMUTs) connected to conductive pathways;

an interconnection network electrically connected to the
plurality of individually addressable ¢cMUTs and the
conductive pathways to provide for power and control,

a tacky cured polymeric semi-solid gel sheet supporting
the plurality of cMUTs, the interconnection network and
the conductive pathways, the plurality of cMUTs, the
interconnection network and the conductive pathways
being at least partially embedded within the tacky cured
polymeric semi-solid gel sheet; and

self-powered and controlling electronics assembly, includ-
ing a computer system, coupled to the conductive path-
way to selectively control and operate one or more
groups of cMUTs, within the plurality of individually
addressable cMUTs to image an area of concern of a
subject,

wherein the electronics assembly, including the computer
system, also electronically activates the one or more
groups of cMUTs within the plurality of individually
addressable cMUTs to send ultrasound analysis signals
and/or receive ultrasound acquisition signals;
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wherein at least some of the plurality of individually
addressable cMUTs that are electrically connected to the
interconnection network and the conductive pathways
are configured for both sending ultrasound analysis sig-
nals and receiving ultrasound detection signals.

2. The portable ultrasound imaging data acquisition device
for sending and receiving ultrasound signals, as set forth in
claim 1, further comprising at least one silicon chip for host-
ing a group of cMUTs, wherein the cMUTs are solid-state
structures arranged to provide a one-dimensional or a two-
dimensional array.

3. The portable ultrasound imaging data acquisition device
for sending and receiving ultrasound signals, as set forth in
claim 1, wherein the plurality of cMUTs comprise one or
more of the following: silicon, piezoelectric, infrared or elec-
tromigration sensors or transceivers.

4. The portable ultrasound imaging data acquisition device
for sending and receiving ultrasound signals, as set forth in
claim 1, wherein the conductive pathway includes a flex cir-
cuit formed of single or multiple levels of metal traces con-
nected to a plurality of integrated circuits (ICs).

5. The portable ultrasound imaging data acquisition device
for sending and receiving ultrasound signals, as set forth in
claim 1, wherein the controlling electronics assembly is
directly connected to or integrally formed with the data acqui-
sition device.

6. The portable ultrasound imaging data acquisition device
for sending and receiving ultrasound signals, as set forth in
claim 1, wherein the sheet can be configured to provide a flat,
curved or conical structure that is rigid, flexible, or conform-
able.

7. The portable ultrasound imaging data acquisition device
for sending and receiving ultrasound signals, as set forth in
claim 1, wherein the sheet is formed with as a square shape
three inches by three inches, or circular shape four to six
inches in diameter, or a strip configuration two inches by four
inches, which is selected based on the type of imaging to be
performed, and further customized according to a region to be
imaged by incorporating cut-outs or slits for best conform-
ability.

8. The portable ultrasound imaging data acquisition device
for sending and receiving ultrasound signals, as set forth in
claim 1, wherein the portable ultrasound imaging data acqui-
sition device is further configured for acquiring images dur-
ing one or more of the following procedures: breast tissue
imaging, surgical guidance, skin procedures and emergency
response.

9. The portable ultrasound imaging data acquisition device
for sending and receiving ultrasound signals, as set forth in
claim 1, wherein the data acquisition device is constructed
from one or more single-use materials in a configuration that
is disposable.

10. The portable ultrasound imaging data acquisition
device for sending and receiving ultrasound signals, as set
forth in claim 1, wherein the data acquisition device can be
configured for operator-independent stationary hands-free
data acquisition.

11. The portable ultrasound imaging data acquisition
device for sending and receiving ultrasound signals, as set
forth in claim 1, further comprising an electronics board and
computer processing system operatively coupled to the data
acquisition device to manipulate, store and prepare data into
an ultrasound data set, or a 2D, 3D, or 4D image.
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