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ULTRASONIC ATTENTUATION MATERIALS

BACKGROUND

[0001] Acoustic attenuation materials are used in a wide
variety of applications where itis desired to attenuate acoustic
signals. Acoustic attenuation material may be used, for
example, in soundproofing materials used in architectural
applications. Many such acoustic attenuation materials
require considerable volume to achieve desired levels of
attenuation.

[0002] Acousticattenuation materials are also incorporated
into relatively small devices where control of acoustic energy
is required. One such application is in the field of ultrasound
imaging probes. Ultrasound imaging probes continue to
enjoy widespread use in the medical field. By way of
example, ultrasound probes are utilized for a wide variety of
external, laparoscopic, endoscopic and intravascular imaging
applications. The ultrasound images provided by imaging
probes may, for example, be used for diagnostic purposes.
[0003] Ultrasound imaging probes typically include a plu-
rality of parallel piezoelectric transducer elements arranged
along a longitudinal axis, with each element interconnected to
a pair of electrodes. Typically, the transducers are subdivided
in the longitudinal direction by dicing during production,
resulting in independent transducer elements that enable elec-
tronic steering and focusing within an imaging plane. An
electronic circuit, interconnected to the electrodes, excites the
transducer elements causing them to emit ultrasonic energy.
The transducer elements may be operable to convert received
ultrasonic energy into electrical signals, which may then be
processed and used to generate images.

[0004] Typically, the transducers include an active layer of
a piezoelectric material with an acoustic face from which
acoustic signals are emitted. Often an acoustic damping
member is disposed rearward of the active layer on an oppo-
site side of the active layer from the acoustic face. The acous-
tic damping member serves to damp undesirable acoustic
signals (e.g., signals that may emanate from and be reflected
back to the rear face of the transducer) that may interfere with
the acoustic signals received at the acoustic face. As may be
appreciated, for a particular acoustic damping material,
acoustic damping capabilities typically increase as the vol-
ume of the acoustic damping member increases. Accordingly,
as the acoustic damping member is reduced in volume, the
acoustic damping capabilities typically decrease. Conse-
quently, the overall volume and mass of an ultrasound probe
that includes an ultrasonic transducer and acoustic damping
member may be at least partially dependent on the acoustic
damping capabilities of the material of the acoustic damping
member.

SUMMARY

[0005] As the applications for, and use of, ultrasound imag-
ing probes continue to expand, so does the need for ultra-
sound probe designs that yield higher imaging performance,
greater miniaturization, and/or increased production efficien-
cies. In this regard, the ability to realize enhanced perfor-
mance, miniaturization and production efficiencies related to
ultrasound imaging probes through improvements to acoustic
attenuation materials used in ultrasound imaging probes
becomes particularly significant. Moreover, there exists a
need for improved acoustic attenuation materials in general.

Oct. 2, 2008

[0006] In view of the foregoing, an object of embodiments
described herein may be to provide improved acoustic attenu-
ation materials. An additional objective may be to provide
improved ultrasonic transducer systems utilizing improved
acoustic attenuation materials.

[0007] In one aspect, an acoustic attenuation material is
provided operable to attenuate acoustic energy incident upon
the material. The material may include a first component
comprised of a first polymer having a porosity and a second
component comprised of a second polymer. The porosity of
the first component may be partially filled with the second
component. The first component may have a first flexural
modulus when its porosity is free from the second component
and a second flexural modulus when the second component is
partially disposed within its porosity. The first flexural modu-
lus may be lower than the second flexural modulus. The first
component may be comprised of a woven and/or non-woven
porous polymer.

[0008] In another aspect, an acoustic attenuation material
comprising a first layer adapted for use in attenuating acoustic
energy having a frequency between 100 kHz and 100 MHz is
provided. The first layer may have a first stiffness and a first
acoustic attenuation. The acoustic attenuation material may
also include a second layer having a second stiffness and a
second acoustic attenuation. The first stiffness may be less
than the second stiffness and the first acoustic attenuation
may be at least two times greater than the second acoustic
attenuation. The firstlayer may be comprised of woven and/or
non-woven porous polymer.

[0009] In a related aspect, an acoustic attenuation material
including a woven layer is operable to attenuate acoustic
energy incident upon the material. The woven layer may be
comprised of a plurality of fibers. The fibers may be com-
prised of porous polytetrafluoroethylene (PTFE). The woven
layer may define void space between the fibers that may be at
least partially filled with fluorothermoplastic (THV).

[0010] Instill another aspect, an acoustic attenuation mate-
rial is provided that is operable to attenuate acoustic energy
incident upon the material that is comprised of a plurality of
non-woven membranes and a plurality of support layers. The
non-woven membranes may be comprised of a porous poly-
mer. The plurality of non-woven membranes may be inter-
leaved with the plurality of support layers. The support layers
may be comprised of a support material. The support material
may be porous or non-porous. The support layers may be
pOrous or non-porous.

[0011] Ina further aspect, an acoustic attenuation material
is provided that is configured such that a sound beam traveling
from a first side of the material to a second side of the material
must pass through at least a portion of a porous polymer. A
reinforcing material may also be included in the acoustic
attenuation material. The acoustic attenuation of the porous
polymer may be at least twice that of the reinforcing material.

[0012] Inanotheraspect,a method is provided thatincludes
the steps of placing a member comprising a layer of porous
polymer in the path of acoustic energy to be attenuated,
absorbing at least a portion of the acoustic energy within the
member and supporting the layer of porous polymer with at
least one layer of a support material. The porous polymer may
be woven and/or non-woven. The method may further include
locating a front side of the material adjacent to a surface and
absorbing both energy emanating from the surface and energy
incident upon a back side of the material within the material.
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The method may also include attenuating acoustic energy
within a predetermined volume by placing the material within
the predetermined volume.

[0013] Instill another aspect, an acoustic attenuation mate-
rial is provided comprising a woven layer adapted for use in
an ultrasonic transducer apparatus and a reinforcing material.
The woven layer may be operable to attenuate acoustic
energy incident upon it. The woven layer may be comprised
of a plurality of porous fibers that define void space between
the plurality of fibers. The reinforcing material may at least
partially fill the void space.

[0014] An embodiment may include a second woven layer
comprising a second plurality of fibers. The second plurality
of fibers may be porous and may define second woven layer
void space. The reinforcing material may at least partially fill
the second woven layer void space. In various embodiments,
alayer of epoxy may be disposed between two woven layers.
[0015] In an embodiment, the reinforcing material may
comprise epoxy, THV, Fluorinated Ethylene-Propylene
(FEP), PTFE, polyethersufone (PES). ethylene-FEP copoly-
mer (EFEP), polyester thermoplastic (PET), polyetherether-
ketone (PEEK), polyetherimide (PEI), polycarbonate (PC),
liquid crystal polymer (LCP) or any combination thereof. In
an embodiment, the plurality of fibers may comprise a porous
polymer selected from a group consisting of PTFE, urethane,
polystyrene, fluoropolymer, silicone and polyolefin.

[0016] The acoustic attenuation material may, in an
embodiment, be operable to attenuate acoustic energy in the
ultrasonic range. For example, the acoustic attenuation mate-
rial may be operable to attenuate acoustic energy between 100
kHz and 100 MHz.

[0017] In another aspect, an ultrasound transducer system
1s provided comprising an active layer and an acoustic attenu-
ation layer. The active layer may have an acoustic face and a
rear face (opposite of the acoustic face) and include at least
one ultrasonic transducer element. The acoustic attenuation
layer may comprise a porous polymer and a reinforcing mate-
rial and be interconnected to the rear face of the active layer.
In an arrangement, the reinforcing material may be partially
imbibed into the porosity of the porous polymer.

[0018] In an embodiment, the ultrasonic transducer ele-
ments may be operable to transmit ultrasonic signals, receive
ultrasonic signals, or both transmit and receive ultrasonic
signals. At least one of the ultrasonic transducer elements
may be planar. At least one of the ultrasonic transducer ele-
ments may be curved. In an embodiment, the reinforcing
material may include a thermoplastic material and/or a ther-
moset material.

[0019] The ultrasound transducer system of various
embodiments may include an intermediate layer disposed
between the rear face of the active layer and the acoustic
attenuation layer. The intermediate layer may comprise
epoxy, silicone rubber, tungsten, aluminum oxide, mica,
microspheres, or any combination thereof.

[0020] In yetanother aspect, an ultrasound transducer sys-
tem is provided comprising an active layer and an acoustic
attenuation layer. The active layer may have an acoustic face
and a rear face (opposite of the acoustic face) and include at
least one ultrasonic transducer element. The acoustic attenu-
ation layer may include a woven layer of porous polymer
fibers and a reinforcing material and be interconnected to the
rear face of the active layer. The reinforcing material may at
least partially fill void space between fibers of the acoustic
attenuation layer. In an arrangement, the acoustic attenuation
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layer may contain multiple woven layers with layers of adhe-
sive between adjacent acoustic attenuation layers to bind the
acoustic attenuation layers together.

[0021] An embodiment may include an electrical connec-
tion member. The electrical connection member may be com-
prised of an insulating material and a plurality of independent
electrically conductive pathways. Each of the plurality of
electrically conductive pathways may be disposed transverse
to and in electrical contact with a corresponding one of the at
least one ultrasonic transducer elements.

[0022] In an arrangement, the backing may include a plu-
rality of continuous pathways through the backing. The pas-
sageways may be at least partially filled with an electrically
conductive material and provide an electrically conductive
path through the backing.

[0023] In another aspect, an ultrasound transducer system
is provided comprising an active layer and a backing. The
active layer may have an acoustic face and a rear face (oppo-
site of the acoustic face) and include at least one ultrasonic
transducer element. The backing may include a support mate-
rial. The backing may include at least one non-woven mem-
brane comprised of a porous polymer interleaved with a plu-
rality of support layers comprised of the support material.
[0024] Inan embodiment, the non-woven membranes may
contain a plurality of through holes at least partially filled
with the support material. Adjacent non-woven membranes
may be arranged such that at least some of the plurality of
through holes of a particular non-woven membrane are free
from alignment with any of the through holes of an adjacent
non-woven membrane. Adjacent non-woven membranes
may be arranged such that most or all of the plurality of
through holes of a particular non-woven membrane are free
from alignment with any through holes of an adjacent non-
woven membrane. In an embodiment, each of the non-woven
membranes may be less than 200 microns (e.g., between 1
and 200 microns) thick and each of the plurality of support
layers may be less than 200 microns (e.g., between 1 and 200
microns) thick.

[0025] Inanembodiment, each of the membranes and sup-
port layers may be oriented parallel to the active layer. In
another embodiment, each of the membranes and support
layers may be oriented at an angle relative to the active layer.
[0026] Inanembodiment, the membranes and support lay-
ers may be free from through holes. In such an arrangement,
each of the non-woven membranes may be less than 800
microns (e.g., between 1 and 800 microns) thick and each of
the plurality of support layers may be less than 500 microns
(e.g., between 1 and 500 microns) thick. Also, in such an
arrangement, the support material may be comprised of poly-
met, ceramic, metal or any combination thereof. The support
material may be porous or non-porous. The plurality of sup-
port layers may be porous or non-porous. In embodiments
where the support material comprises polymer, the polymer
may be thermoset, thermoplastic, fluoropolymer, epoxy or
any combination thereof. Furthermore, a plurality of inter-
connection layers may be disposed between adjacent mem-
branes and support layers. The interconnection layers may
comprise a carrier with adhesive disposed on both sides. The
interconnection layers may bind adjacent membranes and
support layers together.

[0027] Instill another aspect, an ultrasound transducer sys-
temis provided comprising an active layer and a backing. The
active layer may have an acoustic face and a rear face (oppo-
site of the acoustic face) and include at least one ultrasonic
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transducer element. The backing may include a first side and
a second side oppositely disposed from the first side. The
backing may be interconnected to the rear face of the active
layer. The backing may include porous polymer and reinforc-
ing material and be configured such that a sound beam trav-
eling from the first side to the rear face of the ultrasonic
transducer element must pass through at least a portion of the
porous polymer. The porous polymer and reinforcing mate-
rial may be selected such that the overall flexural modulus of
the backing is at least twice that of the porous polymer alone.
With respect to sound beams traveling from the first side to
the rear face, the backing may have an acoustic attenuation of
at least 25 dB/cm at 1 MHz. The porous polymer and rein-
forcing material may be selected such that the acoustic
attenuation of the porous polymer is at least twice that of the
reinforcing material.

[0028] In another aspect, an ultrasound transducer system
is provided comprising an active layer and a backing. The
active layer may have an acoustic face and a rear face (oppo-
site of the acoustic face) and include at least one ultrasonic
transducer element. The backing may include a plurality of
membranes comprised of a porous polymer interleaved with
a plurality of support layers comprised of a support material.
The plurality of membranes may include a plurality of sec-
tions from which portions of the plurality of membranes have
been removed.

[0029] Adjacent membranes may be arranged such that
some, most, or all of the plurality of sections from which
portions of the plurality of membranes have been removed of
aparticular membrane are free from alignment with any of the
through holes of an adjacent membrane.

[0030] Ineven anotheraspect, a method of reducing acous-
tic energy incident on a back face of an ultrasound transducer
is provided. The method may include providing a layer of
material comprising a porous polymer, locating the layer of
material adjacent to a back face of an ultrasound transducer
and absorbing acoustic energy within the layer of material.
The layer of material may have a front surface and a rear
surface. The front surface may be in face to face contact with
the back face of the ultrasound transducer while the rear
surface may be in contact with a fluid. The absorbing may
include absorbing acoustic energy emanating from the back
face of the ultrasound transducer and absorbing acoustic
energy incident upon the rear surface of the layer of material.
[0031] Inanembodiment, the fluid may be a gas or a liquid.
In an embodiment, the layer of material may comprise at least
one woven layer of porous polymer fibers wherein void space
between the porous polymer fibers is at least partially filled
with a non-porous polymer.

[0032] In another aspect, a method of reducing acoustic
energy incident on a back face of an ultrasound transducer is
provided. The method may include providing an acoustic
attenuation member that includes a non-woven porous poly-
mer layer and a support material, locating the acoustic attenu-
ation member adjacent to a back face of an ultrasound trans-
ducer and absorbing acoustic energy within the acoustic
attenuation member. The acoustic attenuation member may
have a front surface and a rear surface. The front surface may
be in face to face contact with the back face of the ultrasound
transducer. The absorbing may include absorbing, within the
acoustic attenuation member, acoustic energy emanating
from the back face of the ultrasound transducer and acoustic
energy incident upon the rear surface of the acoustic attenu-
ation member.
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[0033] Inanembodiment, the acoustic attenuation member
may comprise a plurality of non-woven porous polymer lay-
ers interleaved with a plurality of layers of the support mate-
rial. The plurality of non-woven porous polymer layers may
include a plurality of holes.

[0034] Inyetanother aspect, an ultrasonic catheter probe is
provided that includes an ultrasound transducer disposed
within an outer shell. The ultrasound transducer includes an
active layer with an acoustic face and a rear face opposite
from the acoustic face. The active layer may comprise at least
one ultrasonic transducer element. The ultrasound transducer
may further include a backing interconnected to the rear face.
The backing may comprise a plurality of acoustic attenuation
layers interleaved with a plurality of support layers.

[0035] In an embodiment, the plurality of acoustic attenu-
ation layers may comprise a porous polymer. In an embodi-
ment, the plurality of acoustic attenuation layers may include
a plurality of vias therethrough. The plurality of vias may be
at least partially filled with a support material.

[0036] In still another aspect, an acoustic attenuation
device comprising an acoustic attenuation material and a
support structure interconnected to the acoustic attenuation
material is provided. The acoustic attenuation material may
be operable to attenuate acoustic energy incident upon the
material and may include a first component comprised of a
porous polymer and a second component comprised of a
support material. The first component may be woven and/or
non-woven.

[0037] Inan arrangement, the porosity of the porous poly-
mer may be partially filled with the second component. In an
arrangement, the first component may be comprised of a
woven layer of porous fibers.

[0038] Inanembodiment, the first component may include
a plurality of non-woven membranes and the second compo-
nent may comprise a plurality of support layers. The mem-
branes and support layers may be interleaved. In an embodi-
ment, each of the plurality of membranes may include a
plurality of vias defining a plurality of passageways through
the plurality of membranes. The plurality of vias may be at
least partially filled with the support material.

[0039] The various features discussed above in relation to
each aforementioned aspect may be utilized by any of the
aforementioned aspects. Additional aspects and correspond-
ing advantages will be apparent to those skilled in the art upon
consideration of the further description that follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] FIG. 11is a schematic diagram of an embodiment of
an ultrasound probe and a region of interest.

[0041] FIG. 2illustrates an embodiment of a woven layer of
fibers.

[0042] FIG. 3isacross sectional view of the woven layer of
fibers of FIG. 2.

[0043] FIG. 4isacross sectional view of the woven layer of

fibers of FIG. 2 with a filler material disposed within the void
space between fibers.

[0044] FIG. 5isacross sectional view of the woven layer of
fibers of FIG. 2 with a filler material disposed within the void
space between fibers and membranes disposed on the top and
bottom of the woven layer.

[0045] FIG. 6 is a cross sectional view of two layers of
materials, similar to as shown in FIG. 5, bonded together.
[0046] FIG. 7 is a cross sectional view of two layers of
materials as shown in FIG. 4 bonded together.
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[0047] FIG. 8A is a cross sectional view of a material that
comptrises a plurality of layers of porous polymer sheets
interleaved with a plurality of sheets of support material.
[0048] FIG. 8B is a cross sectional view of a material that
comprises a plurality of layers of porous polymer sheets
interleaved with a plurality of sheets of support material.
[0049] FIG. 9 is an isometric view of a section of an
embodiment of a sheet of porous polymer comprising mul-
tiple through holes.

[0050] FIG. 10 s a cross sectional view of the sheet of FIG.
9.

[0051] FIG. 11 is a cross sectional view of multiple layers
of the sheet of FIG. 9 interleaved with multiple layers of
support material.

[0052] FIG.12is anisometric view of an embodiment of an
ultrasound probe assembly.

[0053] FIG. 13 is a schematic view of a portion of the
ultrasonic transducer of FIG. 12.

[0054] FIG. 14 illustrates an embodiment of an ultrasonic
transducer attached to a frame.

[0055] FIG. 15 is a cross sectional view of an embodiment
of an ultrasonic transducer assembly.

[0056] FIG. 16 is schematic view of an embodiment of a
backing assembly of an ultrasonic transducer assembly.
[0057] FIG.171is aschematic view of an embodiment of an
ultrasonic transducer.

[0058] FIG.18is anisometric view of an embodiment of an
ultrasound probe assembly contained within a catheter.

[0059] FIG. 19 is a cross sectional view of the catheter of
FIG. 18.
[0060] FIG. 20 is an isometric view of an acoustic attenu-

ation material interconnected to a support structure.

[0061] FIG. 21 is a flow diagram of a method of attenuating
acoustic energy.

[0062] FIG. 22 is a flow diagram of a method of reducing
acoustic energy incident on a back face of an ultrasound
transducer.

DETAILED DESCRIPTION

[0063] FIG.11is a schematic diagram of an embodiment of
an ultrasound probe 100, an ultrasound imaging apparatus
109 and a region of interest 102. The ultrasound probe 100
includes atleast one ultrasonic transducer 103. The ultrasonic
transducer 103 may be a mechanically active layer operable
to convert electrical energy to mechanical (e.g., acoustic)
energy and/or convert mechanical energy into electrical
energy. For example, the ultrasonic transducer 103 may be
operable to convert electrical signals from the ultrasound
imaging apparatus 109 into ultrasonic acoustic energy. Fur-
thermore, the ultrasonic transducer 103 may be operable to
convert received ultrasonic acoustic energy into electrical
signals. The ultrasonic transducer 103 may comprise at least
one ground electrode 112 and at least one signal electrode
113. The at least one signal electrode 113 and the at least one
ground electrode 112 may be electrically interconnected to
the ultrasound imaging apparatus 109 by at least one signal
connection 110 (e.g., at least one signal wire) and at least one
ground connection 111 (e.g., at least one ground wire),
respectively. The ultrasonic transducer 103 may comprise an
array of individual transducer elements that may each be
electrically connected to the ultrasound imaging apparatus
109 via a signal connection and a ground connection. The
array may be a one-dimensional array that includes a single
row of individual transducer elements. The array may be a
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two-dimensional array that includes individual transducer
elements arranged, for example, in multiple columns and
multiple rows Ground connections of the entire array may be
aggregated and be electrically connected to the ultrasound
imaging apparatus 109 through a single ground connection.

[0064] To generate an ultrasound image, the ultrasound
imaging apparatus 109 may send electrical signals to the
ultrasonic transducer 103 which in turn may convert the elec-
trical energy to ultrasonic acoustic energy 104 which may be
emitted toward a region of interest 102. The region of interest
102 may be an internal structure of a patient, such as an organ.
The structure within the region of interest 102 may reflect a
portion of the acoustic energy 106 back toward the ultrasonic
transducer 103. The reflected acoustic energy 106 may be
converted to electrical signals by the ultrasonic transducer
103 which may be sent to the ultrasound imaging apparatus
109 where the signals may be processed and an image of the
region of interest 102 may be generated.

[0065] Theprocess of converting the electrical signals from
the ultrasound imaging apparatus 109 into ultrasonic acoustic
energy 104 directed toward the region of interest 102 may
also produce additional acoustic energy 107 directed in direc-
tions other than toward the region of interest 102. This addi-
tional acoustic energy 107 may reflect off of various struc-
tures, such as the housing 101 of the ultrasound probe 100,
and return to the ultrasonic transducer 103 where it may be
converted to electrical signals. The electrical signals from the
reflected additional acoustic energy 107 may interfere with
the electrical signals from the reflected acoustic energy 106.
Such interference may result in image quality degradation.

[0066] To reduce interference from the reflected additional
acoustic energy 107, acoustic attenuation material 108 may
be included in the ultrasound probe 100. The acoustic attenu-
ation material 108 may be interconnected to the ultrasonic
transducer 103 along a surface of the vltrasonic transducer
103 opposite from the surface of the ultrasonic transducer 103
facing the region of interest 102 (e.g., a back surface of the
ultrasonic transducer 103). The acoustic attenuation material
108 may prevent a substantial amount of the additional acous-
tic energy 107 from returning to the back surface of the
ultrasonic transducer 103. The acoustic attenuation material
108 may also reduce the amount of acoustic energy reaching
the back surface of the ultrasonic transducer 103 from other
sources. In this regard, the acoustic attenuation material 108
may provide for reduced interference and enhanced image
quality. In embodiments where the acoustic attenuation mate-
rial 108 is connected directly to the ultrasonic transducer 103,
the at least one signal connection 110 may pass through the
acoustic attenuation material 108.

[0067] Furthermore, acoustic attenuation material may be
positioned in other locations within the ultrasound probe 100
to attenuate acoustic energy within the ultrasound probe 100.
For example, an amount of acoustic attenuation material 114
may be placed against the housing 101 to dampen (e.g.,
absorb) acoustic energy that may otherwise reflect off of an
inner surface of the housing 101 and reduce image quality.
Although illustrated as lining one entire side of the inside of
the housing 101 in FIG. 1, the acoustic attenuation material
114 may be placed along any internal surface or portion
thereof of the housing 101 where it may be beneficial to
attenuate acoustic energy. The acoustic attenuation material
114 may also be located adjacent to other structures within the
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ultrasound probe 100 (e.g., circuit boards) to attenuate acous-
tic energy that could otherwise reflect off of those other struc-
tures.

[0068] Embodiments of acoustic attenuation materials that
may be used for attenuating acoustic energy, including
attenuating ultrasonic energy in ultrasound probes will now
be described, FIG. 2 is an illustration of a woven layer 200
that may be used in an acoustic attenuation material. The
woven layer 200 may be comprised ofa plurality of individual
fibers, such as individual fibers 202a, 2025, 202¢ and 2024d.
FIG. 2 illustrates an example of a type of weave where indi-
vidual fibers, such as individual fibers 202a, 2024, 202¢ and
2024, alternate position relative to each other. For example,
fiber 2025 alternates between being below fiber 202a (as
oriented in FIG. 1) at a first intersection 2034 and above fiber
202c at a second intersection 2035.

[0069] Thewovenlayer 200 of FIG. 2 is one example of the
type and configuration of weave that may be used in an
embodiment. Other types of weaves known to those skilled in
the art may be utilized. Also, various parameters of the
weaves may be altered to achieve different weave character-
istics. For example, the distance between fibers, such as the
distance between fibers 202a and 202¢ may be varied to
achieve various weave densities. Other woven layer 200 char-
acteristics, such as thickness, may be achieved by altering
fiber diameters and/or the configuration of the weave. All of
the fibers of the woven layer 200 may be of the same diameter
or the fibers may comprise a plurality of different diameters.
[0070] The woven layer 200 also includes void space. Void
spaceis generally any space within the plane of the weave that
is not occupied by any of the fibers that make up the woven
layer 200. For example, the space 204 between fibers 2024,
202b, 202¢, and 2024 is part of the void space defined by the
woven layer 200.

[0071] FIG. 3 is a cross sectional view of the exemplary
woven layer 200 along section line A-A of FIG. 2. FIG. 3
shows the serpentine arrangement where individual fibers,
such as fiber 2025, alternate position relative to other fibers of
the weave.

[0072] Theindividual fibers of the woven layer 200, such as
fiber 2025, may comprise a polymer. The polymer may be
configured so that the fibers have a predeterminable porosity.
Porosity is a measure of the interstitial space in a material.
The interstitial space may be space within the polymer that
does not contain the polymer. Porosity may be expressed as
the proportion of the volume of the interstitial space in the
material to the total volume of the material. Accordingly, the
porosity will be between zero and one and may be given as a
percentage. A value of zero would indicate no porosity. The
interstitial space may contain air, water or any other sub-
stance. The interstitial space may contain a vacuum. For
example, the porosity of the fibers of the woven layer 200 may
be less than 85 percent.

[0073] In an embodiment, the individual fibers may be
comprised of porous polymer, such as porous PTFE, porous
urethane, porous polystyrene, porous silicone, porous fluo-
ropolymer, porous polyolefin or a combination thereof.
Porous polyolefin may, for example, be in the form of porous
polyethylene, porous polypropylene, or a combination
thereof. Porous polyethylene, porous polypropylene, and
porous PTFE may be open-celled. Porous urethane, porous
silicone, porous fluoropolymer, and porous polystyrene may
be close-celled. In an embodiment, the individual fibers may
be composed of a single type of porous polymer. In an

Oct. 2, 2008

embodiment comprising porous PTFE, the porous PTFE
may, for example, have a microstructure similar to as
described in U.S. Pat. No. 4,187,390 to Gore, the entirety of
which is hereby incorporated by reference. Inan embodiment
comprising porous PTFE, the porous PTFE may, for example,
have a microstructure similar to as described in U.S. Pat. No.
5,476,598 to Bacino, the entirety of which is hereby incorpo-
rated by reference.

[0074] The porosity may affect the acoustic attenuation
properties of the porous polymer. For example, as the porosity
is increased, the amount of captured air, which is a poor
conductor of acoustic energy, may also increase, resulting in
an aggregate material with exceptional acoustic attenuation
properties. Porous polymers may be operable to attenuate
acoustic energy having a frequency between 100 kHz and 100
MHz. For example, porous PTFE may have acoustic attenu-
ation capabilities greater than 50 dB/cm at 1 MHz. In fact,
porous PTFE may have acoustic attenuation capabilities
greater than 10,000 dB/cm at 1 MHz. By comparison, silicone
RTV may have an acoustic attenuation of less than 5 dB/cm at
1 MHz.

[0075] FIG. 4 is a cross sectional view of the woven layer
200 in the same orientation as illustrated in FIG. 3 with a filler
material 401 disposed within the void space between fibers.
Asillustrated in FIG. 4, the filler material 401 may fill the void
space between individual fibers and also encapsulate the
fibers. In such a configuration, the filler material 401 may
perform several functions.

[0076] One such function may be to provide mechanical
support for the porous fibers of the woven layer 200. In this
regard, the filler material 401 may provide mechanical sup-
port for the woven layer 200 resulting in an encapsulated
woven layer 400 that possesses a higher crush resistance than
the woven layer 200 alone.

[0077] The filler material 401 may also encapsulate the air
or other gasses trapped within the porosity of individual fibers
of the woven layer 200. In this regard, the filler material 401
may surround and seal the individual fibers so that the air or
other gasses trapped within the individual fibers cannot
escape to the surrounding areas. Similarly, gasses or liquids
outside of the encapsulated woven layer 400 may be pre-
vented from entering the pores of the individual fibers of the
woven layer 200.

[0078] In embodiments where the polymer is an open-
celled polymer, the filler material 401 may surround the indi-
vidual fibers of the woven layer 200 without significantly
penetrating into the fibers. Alternatively, the filler material
401 may partially imbibe (e.g., partially soak into) the indi-
vidual fibers of the woven layer 200. Such partial imbibing
may result in increased mechanical strength. The portions of
the individual fibers of the woven layer 200 not filled with the
filler material 401 may contain, for example, entrained air.
Accordingly, acoustic attenuation properties associated with
the interstitial spaces of the individual fibers of the woven
layer 200 may be retained after the individual fibers of the
woven layer 200 have been surrounded by the filler material
401. With respect to open-celled polymers where partial
imbibing is present, three distinct regions may be present. The
first region may be the porous polymer where no filler mate-
rial is present. The second region may be where the filler
material has filled the interstitial regions of the porous poly-
mer. The third region may be a layer consisting of the filler
material outside of the porous polymer.
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[0079] Inembodiments where the polymer is a close-celled
polymer, the filler material 401 may partially fill surface
irregularities of the individual fibers of the woven layer 200.
Such surface filling may promote bonding between the indi-
vidual fibers of the woven layer 200 and the filler material
401.

[0080] As will be appreciated, by varying such parameters
as, for example, the porosity of the polymer used in the
individual fibers, the size of the individual fibers, the spacing
between individual fibers within the woven layer 200, the
degree to which the filler material 401 imbibes into the indi-
vidual fibers (e.g., when the porous polymer is open-celled),
and the amount of filler material 401 used to encapsulate the
woven layer 200, various mechanical and acoustical proper-
ties of the encapsulated woven layer 400 may be achieved. In
an embodiment, the filler material 401 may be a thermoplastic
and/or thermoset material. The filler material 401 may com-
prise THV, FEP, PTFE, PES, EFEP, PET, PEEK, PEL PC,
LCP, or a combination thereof. An exemplary thermoplastic
material is THV, such as Dyneon™ THV marketed by 3M, St.
Paul. Minn., U.S.A. In an exemplary embodiment including
porous PTFE and THV, the combination of PTFE and THV
may have a benefit in that the acoustic impedance and acous-
tic propagation velocity of the two materials are similar
enough not to cause significant reflections at the interface
between the two materials.

[0081] Turning to FIG. 5, an acoustic attenuation material
member 500 may comprise a first additional layer 501 and a
second additional layer 502 that may be interconnected to the
encapsulated woven layer 400. In an alternate embodiment,
the acoustic attenuation material member 500 may contain
the single additional layer 501 but not the second additional
layer 502. The additional layers 501 and 502 may comprise a
polymer with a predeterminable level of porosity. The addi-
tional layers 501 and 502 may provide additional acoustic
attenuation capabilities and provide additional mechanical
strength. An example of a material that comprises a woven
layer of porous PTFE fibers encapsulated in THV is Tenara
manufactured by W. L. Gore & Associates, Inc., Newark,
Del, U.S.A.

[0082] FIG. 6 is a cross sectional view of an embodiment
where two layers of the acoustic attenuation material member
500, as illustrated in FIG. 5, are bonded together with a layer
of binding material 601. The layer of binding material 601
may be comprised of an adhesive polymer such as, for
example, epoxy. In an exemplary implementation of the
embodiment illustrated in FIG. 6, each of the acoustic attenu-
ation material members 500 comprised porous PTFE fibers
(e.g., fiber 602) and porous PTFE additional layers 603. The
layer of bonding material 601 was less than 0.025 mm in
thickness and each of the acoustic attenuation material mem-
bers 500 was about 0.38 mm thick. Thicker layers of bonding
material may be used, such as, for example, 0.05 mm.
[0083] In an embodiment of an acoustic attenuation mate-
rial illustrated in FIG. 7, two sheets 701, 702, each similar to
the encapsulated woven layer 400 of FIG. 4 and including an
encapsulated layer of woven porous polymer fibers, may be
bonded together with a bonding layer 703 (e.g., epoxy) to
form an acoustic attenuation material 700 that remains flex-
ible and has particular acoustic attenuation properties.
[0084] Materials as described that include at least one layer
comprising a woven layer of polymer fibers with interstitial
space may be used in a variety of acoustic attenuation appli-
cations. Such materials may be used in ultrasound probes
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such as the above-described ultrasound probe of FIG. 1. The
materials may also be used in other acoustic attenuation
applications.

[0085] FIG. 8A is a cross-sectional view of an acoustic
attenuation material 800 that includes a plurality of porous-
polymer sheets 801 (e.g., membranes) interleaved with a
plurality of sheets of support material 802 (e.g., membranes
and/or films). Such an acoustic attenuation material 800 may
be used, for example, for attenuating acoustic energy, includ-
ing attenuating ultrasonic energy in ultrasound probes. The
porous polymer of the porous-polymer sheets 801 may be one
or more of the previously discussed porous polymers. The
porous polymer sheets may be comprised of a non-woven
porous polymer. The sheets of support material 802 may, for
example, be comprised of a ceramic material, polymer, metal,
ora combination thereof. In embodiments where the sheets of
support material 802 comprise polymer, the polymer may be
athermoset or a thermoplastic. For example, the polymer may
be epoxy or fluoropolymer.

[0086] The sheets of support material 802 may be more
rigid than the porous-polymer sheets 801. In this regard, in the
acoustic attenuation material 800, the porous-polymer sheets
801 may provide substantial acoustic attenuation and the
sheets of support material 802 may provide for greater rigid-
ity than would be achievable with the porous-polymer sheets
801 alone. In this regard, the support material 802 may have
a greater resistance to crushing and a greater flexural modulus
than the porous-polymer sheets 801. For example, the flexural
modulus of the support material 802 may be at least twice that
of the porous-polymer sheets 801. Also for example, the
flexural modulus of the porous-polymer sheets 801 may be
less than 20 MPa while the net flexural modulus of acoustic
attenuation material 800 may be greater than 40 MPa.
[0087] The individual sheets of the acoustic attenuation
material 800 may be individually constructed and then lami-
nated together to form the acoustic attenuation material 800.
The layers of the laminated structure may be bonded together
using an adhesive. The layers of the laminated structure may
be bonded together by processing the laminate so that some
imbibing of the sheets of support material 802 into the
porous-polymer sheets 801 occurs.

[0088] Thelayers of the laminated structure may be bonded
together using layers of adhesive disposed on a carrier. The
adhesive may be pressure sensitive, such as for example,
acrylic based pressure sensitive adhesive. For example, a thin
layer of double-sided tape 803 may be disposed between
adjacent layers of porous-polymer sheets 801 and support
material 802. Other methods of laminating sheets known to
those skilled in the art may be employed.

[0089] The thicknesses of the sheets of support material
802 and the porous-polymer sheets 801 may be varied to
achieve various mechanical and acoustic properties. For
example, as shown in FIG. 8 A, the thicknesses of the porous-
polymer sheets 801 may be less than the thickness of the
sheets of support material 802. In other embodiments, the
sheets may be of equal thickness or the porous-polymer
sheets 801 may be thicker than the sheets of support material
802.

[0090] In an embodiment, each porous-polymer sheet 801
may have a thickness less than 800 microns, and each sheet of
support material 802 may have a thickness less than 500
microns. For example, each porous-polymer sheet 801 may
have a thickness between 1 and 800 microns, and each sheet
of support material 802 may have a thickness between 1 and
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500 microns. In a particular exemplary embodiment, each
porous-polymer sheet 801 may be about 30 microns thick and
each sheet of support material 802 may be about 25 microns
thick.

[0091] The acoustic attenuation material 800 illustrated in
FIG. 8A shows a configuration where individual layers are in
the same orientation as the overall structure. FIG. 8B is a
cross-sectional view of an acoustic attenuation material 808
that includes a plurality of porous-polymer sheets 804 inter-
leaved with a plurality of sheets of a support material 805. In
the embodiment illustrated in FIG. 8B, the orientation of the
individual layers 804, 805 is oriented at an angle 807 with
respect to the orientation of the overall structure of the acous-
tic attenuation material 808. The angle 807 may be varied to
achieve various acoustic and mechanical properties. Optional
sealing layers 806 may be added to the top and/or bottom of
the acoustic attenuation material 808 to prevent exposure of
the edges of the porous-polymer sheets 804 and/or sheets of
support material 805 to the surrounding environment. The
quantity of layers present in the acoustic attenuation materials
800 and 808 may be varied from that illustrated in FIGS. 8A
and 8B.

[0092] The configuration of FIG. 8A is such that a sound
beam traveling from a first side 810 of the acoustic attenua-
tion material 800 to a second side of the acoustic attenuation
material 800 must pass through a plurality of layers of the
porous-polymer sheets such as the porous-polymer sheets
801. The angle 807 of the configuration of FIG. 8B, along
with the orientation of the overall structure of the acoustic
attenuation material 808, may be chosen such that a sound
beam traveling from a first side 812 of the acoustic attenua-
tion material 808 to a second side 813 of the acoustic attenu-
ation material 808 must pass through a plurality of layers of
the porous-polymer sheets such as porous-polymer sheet 804.
[0093] Materials as described with reference to FIGS. 8A
and 8B that include a plurality of porous-polymer sheets
interleaved with a plurality of sheets of support material may
be used in a variety of acoustic attenuation applications. Such
materials may possess a net acoustic attenuation of at least 25
dB/cm at 1 MHz and may be operable to attenuate acoustic
energy having a frequency between 100 kHz and 100 MHz.
Such materials may be used in ultrasound probes such as the
above-described ultrasound probe of FIG. 1. The materials
may also be used in other acoustic attenuation applications.
[0094] FIG.9 is anisometric view of a section of an acous-
tic attenuation material that includes a sheet 900 comprised of
a porous polymer comprising multiple through holes, such as
through hole 901. In an exemplary embodiment, the sheet 900
may be between 1 and 200 microns thick. The porous poly-
mer of the sheet 900 may be one or more of the previously
discussed polymers. In an embodiment, the sheet 900 may be
constructed of porous PTFE, and/or other porous polymers
(e.g., urethane, silicone, fluoropolymer, polystyrene and
polyolefin). The sheet 900 may be comprised of a non-woven
porous polymer.

[0095] The sizes of the holes (e.g., the area or diameter of
the holes), the number of holes, and the pattern of holes may
all be varied to achieve particular material properties as dis-
cussed below. FIG. 10 is a cross sectional view of the sheet
900 of FIG. 9 along section line B-B. The holes may be
created by any appropriate means known to those skilled in
the art, including for example, laser drilling. The holes may be
uniformly or non-uniformly distributed. The holes may all be
the same size or the sizes of individual holes may vary.
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[0096] FIG. 11 is a cross sectional view of an embodiment
of arigid composite material 1100. The rigid composite mate-
rial 1100 includes a plurality of layers of porous-polymer
sheets such as the sheet 900 of acoustic attenuation material
and an additional sheet 1101 of acoustic attenuation material.
The additional sheet 1101 may be constructed of the same
material and may also have the same through hole character-
istics as the sheet 900. As illustrated in FIG. 11, the porous-
polymer sheets may be interleaved with layers of a support
material 1102. The layers of support material 1102 may also
occupy at least a portion of the through holes of the porous-
polymer sheets 900, 1101. In this regard, the layers of support
material 1102 may form a three-dimensionally intercon-
nected rigid matrix. The thickness of the layers of support
material 1102 between the porous-polymer sheets 900, 1101
may, for example, be between 1 and 200 microns thick.
[0097] The combination of layers of support material 1102
interleaved with layers of acoustic attenuation material pro-
vides for a composite material 1100 that possesses excep-
tional acoustic attenuation and mechanical properties. In this
regard, the layers of support material 1102, which may, for
example, comprise epoxy, THV, FEP, PES, EFEP, PTFE,
PET, PEEK, PEI, PC, LCP or a combination thereof, may
have a greater resistance to crushing and a greater flexural
modulus than the porous-polymer sheets 900, 1101. For
example, the flexural modulus of the layers of support mate-
rial 1102 may be at least twice that of the porous-polymer
sheets 900, 1101. Also for example, the flexural modulus of
the porous-polymer sheets 900, 1101 may be less than 20
MPa while the net flexural modulus of composite material
1100 may be greater than 40 MPa.

[0098] Thus, the composite material 1100 may gain
mechanical strength from the layers of support material 1102
while gaining acoustic attenuation properties from the
porous-polymer sheets 900, 1101. The composite material
may possess a net acoustic attenuation of at least 25 dB/cm at
1 MHz and may be operable to attenuate acoustic energy
having a frequency between 100 kHz and 100 MHz.

[0099] The mechanical and acoustical properties of the
composite material 1100 may be varied by varying the thick-
nesses of the different layers and the configurations of the
holes in the porous-polymer sheets. For example, as shown in
FIG. 11, the holes in the two sheets 900, 1101 are not aligned.
In general, the porous-polymer sheets 900, 1101 will have a
significantly higher rate of acoustic attenuation than the lay-
ers of support material 1102. Accordingly, acoustic energy
passing through the rigid composite material 1100 will be
transmitted primarily through the structure of the layers of
support material 1102. By staggering the holes of the porous-
polymer sheets 900, 1101, the acoustic energy traveling
through the layers of support material 1102 is forced to follow
a serpentine path. In this regard, any sound beam traveling
from a top surface 1103, through the composite material 1100
to a bottom surface 1104, must pass through at least a portion
of the porous-polymer sheets 900, 1101. This will tend to
attenuate the acoustic energy to a greater degree than what
would occur if the holes of the porous-polymer sheets 900,
1101 were in a line and the acoustic energy traveling through
the layers of support material 1102 were able to follow a
straight-line path through the composite material 1100.
[0100] Similar to the alignment of the holes of the porous-
polymer sheets, the size and quantity of holes may be varied
to balance desired acoustic attenuation properties and desired
mechanical properties. For example, in general larger through
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holes may result in a more rigid and stronger composite
material 1100. Larger through holes or increased number of
through holes may also result in a larger pathway for acoustic
energy to travel through the rigid composite material 1100,
which may result in a more rigid, stronger composite material
1100 with lower overall acoustic attenuation.

[0101] Additionally, and similar to as discussed above,
some imbibing ofthe epoxy into the layers of porous-polymer
may occur where open-celled polymer is used. Substantially
no imbibing may occur where the pore size of an open-celled
polymer is below a predetermined amount or where a close-
celled polymer is used. Where imbibing does occur, it may
have a similar effect as reducing the thickness of the porous-
polymer layers and/or increasing the size of the through holes
of the porous-polymer layers 900, 1101.

[0102] Moreover, in general, regions where support mate-
rial has imbibed into a portion of the porosity of a porous-
polymer layer may be significantly stiffer then regions of the
porous-polymer layer free of the support material. For
example, a region where support material has imbibed into a
portion of the porosity of a porous-polymer layer may have a
flexural modulus greater than twice that of a region of the
porous-polymer layer free of support material.

[0103] Thedegree of imbibing may be affected by process-
ing and handling. For example, in embodiments that include
porous PTFE, wetting the porous PTFE with a solvent prior to
contact with the layers of support material 1102 during the
manufacture of the composite material 1100 may increase the
degree of imbibing of the support material into the porous
PTFE. Additionally, any compressive forces applied to the
composite material 1100 during or after manufacture may
cause the layers of support material 1102 to imbibe into the
porous-polymer layers 900, 1101. Compressive forces on the
composite material 1100 may also crush (e.g., permanently
compress) the porous-polymer layers 900, 1101.

[0104] The composite material 1100 illustrated in FIG. 11
includes two porous-polymer layers 900, 1101. Other
embodiments may include a single porous-polymer layer or
more than two porous-polymer layers. For example, an
embodiment of an acoustic attenuation material was con-
structed using three porous-PTFE layers interleaved with lay-
ers of epoxy. A plurality of holes averaging about 0.14 mm in
diameter and encompassing about 10.7 percent of the total
surface area of the porous-PTFE layers were drilled into each
of the PTFE layers. In one sample, the holes of the individual
porous-PTFE layers were arranged with a high degree of
alignment. The acoustic attenuation of that sample was mea-
sured to be 375 dB/cm at 1 MHz. In another sample, the holes
of the individual porous-PTFE layers were arranged with a
relatively low degree of alignment. The acoustic attenuation
of the low degree of alignment sample was measured to be
431 dB/cm at 1 MHz.

[0105] Another embodiment was constructed using two
porous-PTFE layers interleaved with layers of epoxy. The
porous-PTFE layers included a plurality of holes. The
embodiment showed no plastic deformation when com-
pressed at 50 psi. A similar embodiment without the plurality
of holes in the porous-PTFE layers may show plastic defor-
mation of about 3 percent when compressed at 50 psi.
[0106] Blind holes may be substituted for the through holes
described above, such as through hole 901. Such a configu-
ration eliminates a continuous support material acoustic path
through the composite material 1100.
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[0107] Materials as described that include at least one sheet
of a porous polymer that includes holes (e.g., through holes)
may be used in a variety of acoustic attenuation applications.
Such materials may be used in ultrasound probes such as the
above-described ultrasound probe of FIG. 1. The materials
may also be used in other acoustic attenuation applications.
Indeed, such materials may be used in a wide variety of
applications where it is desired to attenuate acoustic energy.
[0108] Each of the acoustic attenuation materials described
above may be produced in master sheets that are larger than
the size needed for a particular application. For example, a
master sheet of acoustic attenuation material may be pro-
duced for use as backing material in ultrasonic transducers
that includes enough material for a plurality of individual
ultrasonic transducer systems. The master sheet may, for
example, be separated into individual sections for use in
individual ultrasonic transducer systems. The process may
also include a step where exposed edges of the individual
sections are sealed with a sealing material (e.g., epoxy and/or
thermoplastic fluoropolymer).

[0109] Inembodiments where individual sections of acous-
tic attenuation material are manufactured (e.g., where no
master sheets are produced), the process may include a step
where exposed edges of acoustic attenuation material are
sealed with a sealing material (e.g., epoxy and/or thermoplas-
tic fluoropolymer).

[0110] In each of the acoustic attenuation materials
described above, the porous polymer may have significantly
greater acoustic attenuation capabilities than the material
used to provide support. For example, the acoustic attenua-
tion capabilities of the porous polymer may be more than
twice that of the support material. Additionally, the support
material may be significantly more rigid (e.g., possess a
greater stiffness) than the porous polymer. For example, the
support material may have a flexural modulus twice that of the
porous polymer. Moreover, the porous polymer may have a
porosity of at least 5 percent. For example, the porous poly-
mer may have a porosity of between 5 and 85 percent.
[0111] Theabove-described materials may, for example, be
utilized in systems where it is desired to control acoustic
energy. Additionally, due to the relatively high attenuation per
unit thickness of the above-described materials, greater
attenuation can be achieved for a particular thickness of
attenuation material or alternatively, a desired amount of
attenuation can be used with relatively less attenuation mate-
rial. The latter capability is particularly advantageous in
applications where miniaturization is desired. In particular,
ultrasound probes, an example of which was previously dis-
cussed with reference to FIG. 1, generally utilize acoustic
attenuation material to control the acoustic energy generated
by one or more active (e.g., piezoelectric) elements. The use
of the above-described materials in ultrasonic transducers
may, for example, enable better performing probes of the
same size as current probes and/or smaller transducer probes.
[0112] FIG. 12 illustrates a perspective view of an ultra-
sound probe assembly 1200. The probe assembly 1200
includes a housing 1201 and a cable 1202. The cable 1202 is
interconnected to an ultrasound imaging apparatus (not
shown). Generally, the probe assembly 1200 includes a plu-
rality of ultrasonic transducers contained within the housing
1201 and operable to transmit ultrasonic energy through a
probe assembly face 1203 along one end of the probe assem-
bly 1200. The ultrasonic energy, in the form of acoustic
waves, may be directed through the outer surface of a patient
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and into the internal structure of the patient. The acoustic
waves may interact with and reflect off of various internal
features. These reflections may then be detected by the probe
assembly 1200 and displayed as images of the internal struc-
ture of the patient by the ultrasound imaging apparatus.
[0113] The probe assembly 1200 may be operable to scan
an imaging volume 1208. This may be accomplished by
mounting a one-dimensional transducer array on a movable
member. Generally, one-dimensional transducer arrays
include a single row containing a plurality of transducer ele-
ments along a longitudinal axis 1205. Through electronic
control, a beam of acoustic energy may be swept along the
longitudinal axis 1205. Some of the acoustic energy is
reflected back to the transducer array where it is converted by
the transducer array from acoustic energy to electrical sig-
nals. These electrical signals may then be converted into a
two-dimensional image of the area swept by the acoustic
energy. The probe assembly 1200 may contain a one-dimen-
sional transducer array that may be mechanically swept (e.g.,
rotated) along an elevation axis 1204. Thus, through a com-
bination of electronic sweeping along a longitudinal axis
1205 and mechanical sweeping of the transducer array along
an elevation axis 1204, a beam of acoustic energy may be
swept through the imaging volume 1208. Energy reflected
back to the transducer array may be converted into a three-
dimensional image of the imaging volume 1208.

[0114] The transducer array in probe assembly 1200 may
be a two-dimensional array that may be mechanically swept
(e.g., rotated) along an elevation axis 1204. The dimension of
the array perpendicular to the axis of rotation (e.g., the eleva-
tion axis 1204) may be utilized to further control the trans-
mitted acoustic energy. For example, transducers along the
elevation axis 1204 may be used to shape the acoustic energy
to reduce side lobes and improve focus along the elevation
axis 1204.

[0115] Turning to FIG. 13, a cross-sectional schematic
view of a one-dimensional ultrasonic transducer system 1300
is presented. The ultrasonic transducer system 1300 has a
longitudinal axis 1305 and an elevation axis 1304, which, for
example, are similar to the longitudinal axis 1205 and eleva-
tion axis 1204, respectively, of the probe assembly of FIG. 12.
The ultrasonic transducer system 1300 may be operable to
transmit and/or receive ultrasonic signals.

[0116] Generally, as known to those skilled in the art, a
transducer 1315 (comprising an active layer such as piezo-
electric layer 1306 and any optional matching layer attached
thereto described below) may be divided into a predetermined
number of discrete sections (for example, sections 1309a
through 13097, where n represents the predetermined number
of discreet sections) along the longitudinal axis 1305. Each of
these discrete sections may be a transducer element (e.g.,
discrete section 13094 may be a transducer element). The
discrete sections may be electrically interconnected so that
two or more of the discrete sections operate as a single trans-
ducer element (e.g., discrete sections 13092 and 13095 may
be electrically interconnected and function as a single trans-
ducer element). A backing 1313 may also be present.

[0117] FIG. 13 shows the ultrasonic transducer system
1300 as being straight along the longitudinal axis 1305. The
ultrasonic transducer system 1300 may be curved along the
longitudinal axis 1305. This curvature may, for example, be
achieved by placing individual planar transducer elements at
angles to each other along the longitudinal axis 1305. FIG. 13
also shows the individual transducer elements of the ultra-
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sonic transducer system 1300 as planar along the elevation
axis 1304. In an alternative configuration, the individual
transducer elements of the ultrasonic transducer system 1300
may be curved along the elevation axis 1304.

[0118] The transducer 1315 may include a piezoelectric
layer 1306. The piezoelectric layer 1306 may include a layer
of piezoelectric material 1320, a first electrode layer 1321 and
a second electrode layer 1322. The layer of piezoelectric
material 1320 may be comprised of a ceramic based material
(e.g., lead zirconate titanate (PZT)). The first electrode layer
1321 may be comprised of one or more layers of electrically
conductive material. Similarly, the second electrode layer
1322 may be comprised of one or more layers of electrically
conductive material. The portion of the first electrode layer
1321 connected to each individual transducer element may
serve as the signal electrode for that individual transducer
element. Similarly, the portion of the second electrode layer
1322 connected to each individual transducer element may
serve as the ground electrode for that individual transducer
element.

[0119] Generally, the signal electrodes and ground elec-
trodes are arranged as illustrated in FIG. 13 with the ground
electrode on the side of the piezoelectric material 1320 that
faces the region to be imaged. The position of the signal and
ground electrodes may be reversed. In such embodiments, 1t
may be necessary to provide an additional grounding layer to
shield the signal layer. The ground electrodes may be indi-
vidual electrodes as illustrated in FIG. 13 or may be one
continuous layer of grounding material situated over each of
the individual transducer elements. The individual transducer
element electrodes may be interconnected to electronic cir-
cuitry, which may provide for acoustic wave generation and
sensing.

[0120] Optional acoustic matching layers may be intercon-
nected to the piezoelectric layer 1306. The ultrasonic trans-
ducer system 1300 of FIG. 13 shows a first optional matching
layer 1307 and a second optional matching layer 1308 inter-
connected to the piezoelectric layer 1306. The presence and
number of optional matching layers may vary from the con-
figuration illustrated in FIG. 13. The transducer 1315 com-
prises the piezoelectric layer 1306, along with any optional
matching layers attached thereto.

[0121] The piezoelectric layer 1306 may be a mechanically
active layer operable to convert electrical energy to mechani-
cal energy and mechanical energy into electrical energy. As
previously described, the piezoelectric layer 1306 may be
comprised of a layer of PZT material sandwiched between
ground and signal electrodes. A variety of components and
materials able to generate acoustic signals may be substituted
for at least a portion of the piezoelectric layer 1306. Such
components and materials include ceramic materials, ferro-
electric materials, composite materials, capacitor microma-
chined ultrasound transducers (CMUTs), piezoelectric
micromachined ultrasound transducers (PMUTs), and any
combination thereof. Regardless of the specific components,
electromechanical principle of operation or materials, the
mechanically active layer may comprise a means of convert-
ing electrical energy to mechanical energy and mechanical
energy into electrical energy, which has an acoustic face 1314
and a plurality of transducer elements that may be controlled
individually. Generally, any system known to those skilled in
the art for generating ultrasonic acoustic signals that may be
used for imaging purposes may be utilized in the mechani-
cally active layer.
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[0122] Returning to FIG. 13, each individual discrete sec-
tion may be separated from neighboring discrete sections by
kerfs (e.g., kerf 1310 between discrete sections 1309¢ and
13094) produced during the dicing of the transducer 1315.
The kerfs may be filled with a filler material. Additionally,
one or more acoustic lenses may be interconnected to the
acoustic face 1314.

[0123] As the piezoelectric layer 1306 emits acoustic
energy, some acoustic energy will pass into the backing 1313.
Since such acoustic energy is not directed to the imaging
volume 1208, it is desirable that this acoustic energy be
attenuated. Attenuating this acoustic energy helps to reduce
the amount of acoustic energy being reflected back into the
piezoelectric layer 1306 through the back side of the piezo-
electric layer 1306. Such reflected acoustic energy may inter-
fere with the acoustic energy being reflected back to the
piezoelectric 1306 from the imaging volume 1208, which
may result in image degradation.

[0124] The backing 1313 may include an intermediate
layer 1301. The intermediate layer 1301 may be comprised of
material or materials known to those skilled in the art of
ultrasonic transducer design, such as, for example epoxy,
silicone rubber, tungsten, aluminum oxide, mica, micro-
spheres, ora combination thereof. The backing 1313 may also
include a second layer 1302. The second layer 1302 may be a
highly attenuating material such as the materials previously
described that include a woven layer of fibers made of porous-
polymers (e.g., the fibers may be made of porous-PTFE). By
way of example, the second layer 1302 may be composed of
the acoustic attenuation materials described with respect to
FIGS. 6 and/or 7.

[0125] FIG. 14 is an illustration of a transducer and frame
assembly 1400. The transducer and frame assembly 1400
includes the ultrasonic transducer system 1300 of FIG. 13
mounted to a frame 1401. As described above with respect to
FIG. 13, the ultrasonic transducer system 1300 may include
the transducer array 1315, the intermediate layer 1301, and
the second layer 1302. The transducer and frame assembly
1400 may, for example, be mounted within the probe assem-
bly 1200 of FIG. 12. The transducer and frame assembly 1400
may be mounted so that it is rotatable about a frame rotation
axis 1402. In such a system, and as previously described, an
acoustic beam may be electronically steered along a longitu-
dinal axis 1405 and mechanically steered by rotating the
transducer and frame assembly 1400 about the frame rotation
axis 1402. A motor or other device (not shown) may be used
to rotate the transducer and frame assembly 1400 about the
frame rotation axis 1402.

[0126] To acoustically couple the transducer array 1300 to
the probe assembly face 1203 of FIG. 12, the transducer and
frame assembly 1400 may be immersed in a fluid (e.g., a
liquid). The fluid may be contained within the housing 1201
of the probe assembly 1200 of FIG. 12.

[0127] As noted above, the transducer and frame assembly
1400 may be rotated within the housing 1201 in order to
achieve scanning of an acoustic beam along an elevation axis
1204. Furthermore, and as noted above, the transducer and
frame assembly 1400 may be immersed in a liquid. In such a
system, it may be beneficial to reduce the size and/or weight
of the transducer and frame assembly 1400. By reducing the
size of the transducer and frame assembly 1400, the resis-
tance to movement of the transducer and frame assembly
1400 due to the fluid in which it is immersed may be reduced.
By reducing the weight of the transducer and frame assembly
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1400, the inertia of the transducer and frame assembly 1400
may be reduced. Reducing the resistance to movement and/or
the inertia of the transducer frame assembly 1400 may yield,
inter alia, increased positional accuracy, lower movement
response time, and reduced motor power requirements.

[0128] Accordingly, the use of a backing that incorporates
at least one woven layer of porous-polymer fibers, as
described above, in place of traditional ultrasonic transducer
backing material (e.g., silicone rubber) may provide weight
and size reduction benefits. Similarly, if a traditional ultra-
sonic transducer backing material is replaced with a similarly
sized backing that incorporates at least one woven layer of
porous-polymer fibers, the acoustic attenuvation of the back-
ing may be enhanced.

[0129] Additionally, the flexibility of the above-described
woven layers of porous-polymer fibers permits curved trans-
ducer arrays, such as the transducer array 1300 of FIG. 14, to
be manufactured efficiently. For example, the transducer
array 1300 of FIG. 14 may be initially manufactured as a flat
transducer array. In this regard, a flat continuous layer of
piezoelectric material may be interconnected to a backing
that includes at least one woven layer of the porous polymer
fibers. After the piezoelectric material is diced to form indi-
vidual transducer array elements. this assembly may be inter-
connected to a curved surface, such as the curved surface
1403 of'the frame 1401 of the transducer and frame assembly
1400. The kerfs produced as a result of the dicing process may
then be filled.

[0130] Returning to FIG. 13, the first electrode layer 1321
and the second electrode layer 1322 may be electrically inter-
connected to the ultrasound imaging apparatus in a variety of
ways. For example, the electrical interconnections to the first
electrode layer 1321 of each individual transducer element
(e.g., discrete sections 1309a through 1309%) may be
achieved by electrically interconnecting to the first electrode
layer 1321 along an the edge of the transducer 1315. For
example, the first electrode layer 1321 of discrete section
1309¢ may be interconnected to at the exposed end 1303 of
discrete section 1309c.

[0131] FIG. 15 illustrates another method of electrically
interconnecting the ultrasound imaging apparatus to the first
electrode layer 1321 of the discrete sections of the transducer
1315. FIG. 15 is a cross-sectional view of the ultrasonic
transducer system 1300 of FIG. 13 along section line C-C of
FIG. 13 with the addition of a plurality of electrical intercon-
nections 15014 through 1501#. Each of the plurality of elec-
trical interconnections 1501a through 1501 extends through
the intermediate layer 1301 and the second layer 1302. For
example, electrical interconnection 1501a is electrically
interconnected to the first electrode layer 1321 of discrete
section 1309a and extends through the intermediate layer
1301 and the second layer 1302. Exposed portion 1503 of
electrical interconnection 1501a is electrically intercon-
nected to the first electrode layer 1321 of discrete section
1309a. The exposed portion 1503 may be electrically inter-
connected to the ultrasound imaging apparatus using methods
known to those skilled in the art. Alternatively, electrical
interconnections 15014 through 15017 may not extend past
the bottom surface 1504 of the second layer 1302. In such a
configuration, the electrical interconnections 1501a through
1501 may be interconnected to the ultrasound imaging appa-
ratus using methods known to those skilled in the art such as,
for example, wirebonding.
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[0132] The electrical interconnections 1501a through
15017 may be formed by first creating holes through the
intermediate layer 1301 and the second layer 1302. This may
be accomplished, for example, by laser drilling. The holes
may then be filled with an electrically conductive material (e
g., by a plating process). The electrical interconnections
15014 through 15017 may be configured such that a single
electrical connection may be electrically interconnected to a
plurality of discrete section. For example, electrical intercon-
nection 15014 may be electrically interconnected to discrete
sections 13094 and 13095. In such a configuration, discrete
sections 13094 and 13095 together may form a single trans-
ducer element and electrical interconnection 15015 may not
be present. The electrical interconnections 1501a through
1501# may be oriented transverse to discrete sections to
which they are electrically interconnected.

[0133] FIG. 16 illustrates another method of electrically
interconnecting the ultrasound imaging apparatus to the first
electrode layer 1321 of the discrete sections of the transducer
1315. FIG. 16 is a schematic diagram of a backing assembly
1600 for use in an ultrasonic transducer assembly. To avoid
repetition, the transducer array is not illustrated in FIG. 16.
Rather, only the backing assembly 1600 is shown. The back-
ing assembly 1600 is illustrated in a similar orientation to the
ultrasonic transducer system 1300 of FIG. 13.

[0134] The backing assembly 1600 of FIG. 16 includes an
intermediate layer 1601 and a second layer 1602. Similar to as
discussed above with respect to the ultrasonic transducer
system 1300, the intermediate layer 1601 may be composed
of a material or materials known to those skilled in the art of
ultrasonic transducer design and the second layer 1602 may
be a highly attenuating material such as the materials previ-
ously described that include a woven layer of fibers made of
porous polymers. The backing assembly 1600 includes an
interconnection assembly 1603. The interconnection assem-
bly 1603 may be comprised of an insulating material 1604
and individual electrical conduction members. The intercon-
nection assembly 1603 may be disposed between sections of
the intermediate layer 1601 and the second layer 1602 as
illustrated in FIG. 16. A section along lines 1607 has been cut
away in FIG. 16 to reveal internal details of the interconnec-
tion assembly 1603.

[0135] The individual electrical conduction members may
be individual wires, such as wire 1605. The individual wires
may be disposed in slots, such as slot 1606, within the insu-
lating material and oriented transverse to the individual trans-
ducer elements. In this regard, the interconnection assembly
1603 may be comprised of a plurality of electrical intercon-
nections passing through the backing assembly 1600. The
insulating material 1604 may be composed of the same mate-
rial as the intermediate layer 1601.

[0136] As noted above in reference to FIG. 1, acoustic
attenuation material 114 may be placed along other surfaces
within the ultrasound probe 100. Similarly in embodiments
such as that illustrated in FIG. 12, the above-described acous-
tic attenuation materials may be used to line the housing 1201
and/or other components within the probe assembly 1200.
Such application of the above-described acoustic attenuation
materials may help to improve image quality by reducing the
amount of unwanted acoustic energy incident upon an ultra-
sonic transducer array, such as transducer array 1300 of FIG.
13. Generally, the above-described acoustic attenuation
materials may be positioned against a surface where a front
side of the acoustic attenuation material is in a face-to-face
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relationship with the surface and a back side of the acoustic
attenuation material is in contact with a fluid (e.g., air or
water). In such a position, the acoustic attenuation material
may be operable to absorb acoustic energy emanating from
the surface and acoustic energy traveling through the fluid and
incident upon the back side of the acoustic attenuation mate-
rial.

[0137] Turning to FIG. 17, a cross-sectional schematic
view of an ultrasonic transducer system 1700 is presented. A
section along lines 1711 and 1712 has been cutaway in FIG.
17 to reveal internal details of the ultrasonic transducer sys-
tem 1700. The ultrasonic transducer system 1700 has a lon-
gitudinal axis 1705 and an elevation axis 1704. The ultrasonic
transducer system 1700 is comprised of a predetermined
number of discrete sections represented in FIG. 17 by discrete
sections 1709a through 17097, where n represents the prede-
termined number of discrete sections. The ultrasonic trans-
ducer system 1700 is shown as a one-dimensional array with
a single row of n transducers, where n represents a predeter-
mined number of discrete sections. Alternatively, the ultra-
sonic transducer system 1700 may comprise a two-dimen-
sional array of discrete section arranged in multiple rows and
multiple columns.

[0138] Generally, as is known to those skilled in the art, a
transducer 1715 (comprising of a piezoelectric layer 1706
and any optional matching layer attached thereto) may be
divided into a predetermined number of discrete sections
represented in FIG. 17 by discrete sections 1709a through
17097 arranged along the longitudinal axis 1705. Similarly to
as discussed with reference to FIG. 13, these discrete sections
may each form a transducer element or they may be electri-
cally combined so that two or more discrete sections may
form a transducer element. A backing 1701, described below,
may also be present.

[0139] The transducer 1715 may include a piezoelectric
layer 1706. The piezoelectric layer 1706 may include a layer
of piezoelectric material 1720, a first electrode layer 1721 and
a second electrode layer 1722. The layer of piezoelectric
material 1720 may be comprised of'a ceramic-based material.
The first electrode layer 1721 may be comprised of one or
more layers of electrically conductive material. Similarly, the
second electrode layer 1722 may be comprised of one or more
layers of electrically conductive material. The portion of the
first electrode layer 1721 connected to each individual trans-
ducer element may serve as the signal electrode for that
individual transducer element. Similarly, the second elec-
trode layer 1722 may serve as the ground electrode. The
individual transducer element electrodes may be intercon-
nected to electronic circuitry, which may provide for acoustic
wave generation and sensing.

[0140] Optional acoustic matching layers may be intercon-
nected to the piezoelectric layer 1706. The ultrasonic trans-
ducer system 1700 of FIG. 17 shows a single optional match-
ing layer 1707.

[0141] The presence and number of optional matching lay-
ers may vary from the configuration illustrated in FIG. 17.
The transducer 1715 comprises the piezoelectric layer 1706,
along with any optional matching layers attached thereto.
[0142] The piezoelectric layer 1706 may be a mechanically
active layer operable to convert electrical energy to mechani-
cal energy and mechanical energy into electrical energy and
may be comprised of any of the materials discussed above
with reference to the piezoelectric layer 1306 of FIG. 13. The
transducer 1715 of FIG. 17 includes an acoustic face 1714.
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Each individual transducer element may be separated from
neighboring elements by kerfs (e.g., kerf 1710 between dis-
crete sections 1709¢ and 17094) produced during the dicing
of the transducer 1715.

[0143] The backing 1701 of the ultrasonic transducer sys-
tem 1700 may comprise the composite material described
above with reference to FIG. 11. In this regard, the backing
1701 may include one or more porous-polymer sheets, such
as sheets 17034, 17035 and 1703¢ interleaved with layers of
a support material 1702. The support material may, for
example, be comprised of an epoxy. Each of the porous-
polymer sheets 1703a, 17035 and 1703¢ may be composed of
porous PTFE. Each of the porous-polymer sheets 1703a,
17035 and 1703¢ may include a plurality of through holes,
such as through hole 1708. The plurality of through holes may
be at least partially filled with the support material 1702.
[0144] FIG. 17 illustrates a backing 1701 containing three
layers of porous-polymer sheets 1703a, 17035 and 1703c¢.
Various embodiments may use a single porous-polymer
sheet, two porous-polymer sheets, or four or more porous-
polymer sheets. Hole patterns in the porous-polymer sheets
may vary from that illustrated in FIG. 17. The hole size,
quantity and pattern may be varied to achieve desired
mechanical and/or acoustic properties.

[0145] As shown in FIG. 17, the support material 1702
completely encapsulates the porous-polymer sheets 1703q,
17035 and 1703c¢. Such a configuration may be achieved by
precutting the individual porous-polymer sheets 1703a,
17035 and 1703¢ and then encapsulating them within the
support material 1702.

[0146] Alternatively, the backing 1701 may be produced in
sizes larger than what would be required for a single ultra-
sonic transducer system 1700. For example, a sheet of back-
ing material several times larger than that required for a single
ultrasonic transducer system 1700 may be provided. A simi-
larly sized layer of piezoelectric material may be intercon-
nected to the sheet of backing material along with any
optional matching layers that may be desired. This assembly
may then be diced to produce kerfs between strips of piezo-
electric material. The kerfs may then be filled. The entire
assembly could then be cut into individual ultrasonic trans-
ducer systems such as the ultrasonic transducer system 1700
of FIG. 17.

[0147] In this regard, the backing 1701 may be reduced to
its final size (e.g., by slicing) with the edges of the individual
porous-polymer sheets 1703¢, 17035 and 1703¢ exposed
along the sides of the backing 1701. Depending on the appli-
cation and working environment of the ultrasonic transducer
system 1700, the edges of the individual porous-polymer
sheets 17034, 17035 and 1703¢ may remain exposed or the
edges may be sealed in a manufacturing step (e.g., by placing
a layer of epoxy around the edges of the backing 1701). The
edges may be sealed to, for example, prevent substances from
entering the pores of the porous-polymer sheets or to provide
additional mechanical integrity.

[0148] Electrical interconnection to the individual trans-
ducer elements of the ultrasonic transducer system 1700 may
be achieved in manner similar to as discussed above with
respect to the ultrasonic transducer system 1300 of FIG. 13.
For example, the electrical interconnections to the first elec-
trode layer 1721 of each individual transducer element may
be achieved by electrically interconnecting to the first elec-
trode layer 1721 along an the edge of the transducer 1715. For
example, the electrical interconnections to the first electrode
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layer 1721 may be achieved by electrically connecting
through the backing 1701 in a manner similar to that
described above with reference to FIG. 15 (e.g., drilling
through the backing 1701 and plating) and FIG. 16 (e.g,,
using an interconnection assembly similar to the interconnec-
tion assembly 1603).

[0149] Once situated in, for example, an ultrasound probe,
the ultrasonic transducer system 1700 may be oriented such
that the acoustic face 1714 is in proximity to an outer portion
of the ultrasound probe. Accordingly, the rear of the ultra-
sonic transducer system 1700 (e.g., the rear face of the back-
ing 1701 opposite from the piezoelectric layer 1706) may face
away from the outer portion of the ultrasound probe and
toward an internal portion of the ultrasound probe. In this
regard, the rear face of the backing 1701 may be exposed to an
internal environment of the ultrasound probe that may, for
example, contain air.

[0150] FIG. 17 shows the ultrasonic transducer system
1700 as being straight along the elevation axis 1704. In an
alternate configuration, the individual transducer elements of
the ultrasonic transducer system 1700 may be curved along
the elevation axis 1704.

[0151] FIG. 17 illustrates the ultrasonic transducer system
1700 with a backing 1701 similar to the material described
with reference to FIGS. 9-11. It is noted that the ultrasonic
transducer system 1700 may also be configured using the
backing materials described with reference to FIGS. 8A and
8B.

[0152] FIGS. 18 and 19 illustrate an exemplary application
of the ultrasonic transducer system 1700 of FIG. 17. FIG. 18
illustrates a catheter 1800 that contains an ultrasonic trans-
ducer. The catheter 1800 comprises an outer shell 1801 sur-
rounding an ultrasonic transducer and an interconnected tube
1802. The tube 1802 may contain electrically conductive
pathways to electrically interconnect the ultrasonic trans-
ducer with an ultrasound imaging apparatus (not shown). The
ultrasonic transducer within the catheter 1800 may be ori-
ented along a longitudinal axis 1805 and an elevation axis
1804 so that a beam of acoustic energy may be swept through
an imaging plane 1808.

[0153] The ultrasonic energy, in the form of acoustic
waves, may be directed into the internal structure of a patient.
The acoustic waves may interact with and reflect off of vari-
ous internal features. These reflections may then be detected
by ultrasonic transducer within the catheter 1800 and dis-
played as images of the internal structure of the patient by the
ultrasound imaging apparatus.

[0154] FIG. 19 is a cross sectional view along section line
D-D of the catheter 1800 of FIG. 18. The ultrasonic trans-
ducer system 1700, comprising the transducer 1715 and the
backing 1701, is disposed within the outer shell 1801. The
catheter 1800 also includes an electrical interconnection
assembly 1904 that electrically interconnects to the ultrasonic
transducer system 1700. The electrical interconnection
assembly 1904 may, for example, be a GORE™ MicroFlat
Ribbon Cable available from W. L. Gore & Associates, Inc.,
Newark, Del., U.S.A. The catheter 1800 may also include a
working channel 1905.

[0155] The backing 1701 may, for example, be constructed
in accordance with the embodiments described with refer-
ence to FIGS. 8A through 11. It will be appreciated that since
the backing 1701 may be comprised of porous-polymer
sheets that have a high attenuation per unit thickness (relative
to traditional ultrasonic transducer backing materials), the
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backing 1701 may be thinner than a backing of similar attenu-
ation capability made from traditional backing materials
(e.g., epoxy, silicone rubber). The thinner, rigid backing 1701
has several advantages. For example, in a round catheter such
as catheter 1800, as the backing thickness is decreased, the
maximum width of the ultrasonic transducer system 1700
may be increased. Also, as the backing thickness is decreased,
the room available for other components within the catheter is
increased and/or the overall size of the catheter may be
decreased. The rigidity of the backing 1701 also is operable to
support and/or position the transducer 1715 without the need
for supplemental support members. Additionally, the above-
described methods of electrically interconnecting to the
transducer 1715 through the backing 1701 may result in no
need for electrical connections along the edges of the trans-
ducer 1715 and therefore the transducer 1715 and backing
1701 may extend to, or close to, the outer shell 1801 of the
catheter 1800.

[0156] The acoustic attenuation materials described herein
may be used in a wide variety of locations. As noted above,
the acoustic attenuation materials may be used to line the
interior of the housing 1201 of probe assembly 1200. FIG. 20
illustrates an exemplary embodiment where acoustic attenu-
ation material 2001 is interconnected (e.g., bonded with
epoxy) to asupport structure 2002 to form an acoustic energy-
absorbing panel 2000. Such a panel 2000 may be positioned
in a wide variety of locations to absorb acoustic energy. For
example, the panel may be situated within a predetermined
volume where it is desired to reduce the level of acoustic
energy within that predetermined volume. The panel 2000
may include one or more of the above-described acoustic
attenuation materials.

[0157] FIG. 21 is a flow diagram of a method of attenuating
acoustic energy. Although the flow diagram illustrates par-
ticular steps in a particular order, this is for exemplary pur-
poses only and the order of the steps may be rearranged from
that depicted in FIG. 21. The first step 2101 includes placing
amember in the path of acoustic energy to be attenuated. The
member may comprise a porous polymer and support mate-
rial. The porous polymer may include PTFE, urethane, poly-
styrene, silicone, fluoropolymer, polyolefin (e.g., polyethyl-
ene and polypropylene) or a combination thereof.

[0158] The porous polymer may be in the form of one or
more layers of woven fibers. The support material may
occupy a portion of the void space between the woven fibers.

[0159] The porous polymer may be in the form of a plural-
ity of individual layers of non-woven sheets. For example, a
plurality of layers of porous polymer may be interleaved with
a plurality of layers of support material. The sheets may be
continuous or the sheets may be perforated. In embodiments
where the sheets are perforated, the support material may at
least partially fill the perforations.

[0160] The placing may include placing the member adja-
cent to a surface where a front side of the member is in contact
with the surface. The placing may include placing the mem-
ber within a predetermined volume to damp acoustic energy
within the predetermined volume.

[0161] The second step 2102 may be to absorb at least a
portion of the acoustic energy within the member. In embodi-
ments where the member is placed adjacent to a surface, the
absorbing may include absorbing acoustic energy emanating
from the surface and absorbing acoustic energy incident of a
rear side of the member within the meniber.
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[0162] The third step 2103 may be to support the porous
polymer with the support material. This may, for example, be
achieved my encapsulating a layer of woven porous polymer
within a matrix of support material, or by interleaving a
plurality oflayers of porous polymer with a plurality of layers
of support material.

[0163] FIG. 22 is a flow diagram of a method of reducing
acoustic energy incident on a back face of an ultrasound
transducer. Although the flow diagram illustrates particular
steps in a particular order, this is for exemplary purposes only
and the order of the steps may be rearranged from that
depicted in FIG. 22. The acoustic energy may have a fre-
quency between 100 kHz and 100 MHz.

[0164] The first step 2201 includes providing a layer of
material comprising a porous polymer. The porous polymer
may be woven or non-woven. The layer of material may have
a front surface and a rear surface. The layer of material may
also include support material. In embodiments including
woven porous polymers, a layer of woven porous polymer
may be encapsulated within a matrix of support material.
[0165] Inembodiments including non-woven porous poly-
metr, the non woven porous polymer may be in the form ofa
plurality of sheets interleaved with a plurality of sheets of
support material. The sheets may be continuous or the sheets
may be perforated. In embodiments where the sheets are
perforated, the support material may at least partially fill the
perforations.

[0166] The second step 2202 may be to locate the material
so that the front surface of the material is adjacent to a back
face of an ultrasound transducer in a face-to-face relationship.
The back surface of the material may be in contact with a fluid
such as a gas. The fluid may, for example, be air contained
within an ultrasound probe casing or within a catheter that
contains an ultrasound transducer.

[0167] Thenext step 2203 may beto absorb acoustic energy
emanating from the back face of the ultrasound transducer.
The following step 2204 may be to absorb acoustic energy
incident upon the rear surface of the material. In this regard,
the absorbed energy may be prevented from reaching the back
face of the ultrasound transducer and interfering with the
operation of the ultrasound transducer.

[0168] Although the above detailed description generally
describes embodiments related to acoustic attenuation mate-
rials and ultrasound probe assemblies, embodiments
described herein may be utilized in other applications where
acoustic attenuation is desired and in other ultrasonic trans-
ducer configurations.

[0169] Additional modifications and extensions to the
embodiments described above will be apparent to those
skilled in the art. Such modifications and extensions are
intended to be within the scope of the present invention as
defined by the claims that follow.

1. An ultrasound transducer system comprising:

an active layer with an acoustic face and a rear face,
wherein said active layer comprises at least one ultra-
sonic transducer element, wherein said rear face is on an
opposite side of said active layer from said acoustic face;
and

a backing interconnected to said rear face, said backing
including at least one non-woven membrane comprised
of apolymer having a porosity, and a plurality of support
layers, wherein each of said at least one non-woven
membranes is interleaved with said plurality of support
layers.
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2. The ultrasound transducer system of claim 1, wherein at
least one of said at least one ultrasonic transducer elements is
planar.

3. The ultrasound transducer system of claim 1, wherein at
least one of said at least one ultrasonic transducer elements is
curved.

4. The ultrasound transducer system of claim 1, wherein
each one of said at least one non-woven membranes com-
prises a plurality of through holes, wherein said plurality of
support layers comprise, and at least a portion of said plurality
of through holes are filled with, a common support material.

5. The ultrasound transducer system of claim 4, wherein at
least some of said plurality of through holes are free from
alignment with any through holes of an adjacent non-woven
membrane.

6. The ultrasound transducer system of claim 5, wherein
most of said plurality of through holes are free from align-
ment with any through holes of an adjacent non-woven mem-
brane.

7. The ultrasound transducer system of claim 6, wherein all
of said plurality of through holes are free from alignment with
any through holes of an adjacent non-woven membrane.

8. The ultrasound transducer system of claim 4, wherein
said polymer is selected from a group consisting of PTFE,
urethane, polystyrene, fluoropolymer, silicone and polyole-
fin.

9. The ultrasound transducer system of claim 8, wherein
said polymer is PTFE.

10. The ultrasound transducer system of claim 8, wherein
said common support material is selected from a group con-
sisting of epoxy, THV, FEP, PTFE, PES, EFEP, PET, PEEK,
PEL PC and LCP.

11. The ultrasound transducer system of claim 4, wherein
each of said at least one of non-woven membranes is between
1 and 200 microns thick, wherein each of said plurality of
support layers is between 1 and 200 microns thick.

12. The ultrasound transducer system of claim 1, wherein
each of said at least one non-woven membranes and said
plurality of support layers are oriented parallel to said active
layer.

13. The ultrasound transducer system of claim 1, wherein
each of said at least one non-woven membranes and said
plurality of support layers are oriented at an angle relative to
said active layer.

14. The ultrasound transducer system of claim 1, wherein
said backing includes a plurality of said non-woven mem-
branes, wherein said plurality of non-woven membranes each
have a thickness between 1 and 800 microns, wherein said
plurality of support layers each have a thickness between 1
and 500 microns.

15. The ultrasound transducer system of claim 14, wherein
said polymer is selected from a group consisting of PTFE,
urethane, polystyrene, fluoropolymer, silicone and polyole-
fin.

16. The ultrasound transducer system of claim 15, wherein
said polymer is PTFE.

17. The ultrasound transducer system of claim 15, wherein
said plurality of support layers are comprised of a material
selected from a group consisting of polymer, ceramic and
metal.

18. The ultrasound transducer system of claim 15, wherein
said plurality of support layers are comprised of a material
selected from a group consisting of thermoset, thermoplastic,
fluoropolymer and epoxy.
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19. The ultrasound transducer system of claim 14, further
comprising a plurality of interconnection layers disposed
between adjacent membranes and support layers, each of said
plurality of interconnection layers comprising:

an adhesive carrier having a first surface and a second

surface;
a first adhesive layer disposed on said first surface; and
a second adhesive layer disposed on said second surface.
20. The ultrasound transducer system of claim 19, wherein
said plurality of interconnection layers are operable to bind
said adjacent membranes and support layers to each other.
21. The ultrasound transducer system of claim 1, further
comprising a plurality of continuous pathways through said
backing, wherein said plurality of continuous pathways are at
least partially filled with an electrically conductive material,
wherein each of said plurality of continuous pathways is
operable to provide an electrically conductive path through
said backing.
22. An ultrasound transducer system comprising:
an active layer with an acoustic face and a rear face,
wherein said active layer comprises at least one ultra-
sonic transducer element, wherein said rear face is on an
opposite side of said active layer from said acoustic face;
and
a backing, said backing including:
a first side;
a second side oppositely disposed from said first side;
a polymer membrane having a porosity; and
a reinforcing material,

wherein said second side is interconnected to said rear face,
wherein said backing is configured such that a sound
beam traveling from said first side to said rear face must
pass through at least a portion of said polymer mem-
brane.

23. The ultrasound transducer system of claim 22, wherein
said polymer membrane is selected from a group consisting
of PTFE, urethane, polystyrene, fluoropolymer, silicone and
polyolefin.

24. The ultrasound transducer system of claim 22, wherein
said reinforcing material is selected from a group consisting
of polymer, ceramic and metal.

25. The ultrasound transducer system of claim 22, wherein
said reinforcing material is selected from a group consisting
of epoxy, THV, FEP, PTFE, PES, EFEP, PET, PEEK, PEIL, PC
and LCP.

26. The ultrasound transducer system of claim 22, wherein
said polymer membrane having said porosity has a first flex-
ural modulus; and wherein said backing has an overall flex-
ural modulus of at least twice that of said first flexural modu-
lus.

27. The ultrasound transducer system of claim 22, wherein
said backing has an acoustic attenuation of at least 25 dB/cm
at 1 MHz with respect to sound beams traveling from said first
side to said second side.

28. The ultrasound transducer system of claim 22, wherein
acoustic attenuation of said polymer membrane having said
porosity is at least twice that of said reinforcing material.

29. The ultrasound transducer system of claim 22, wherein
said porosity is at least about 5 percent.

30. The ultrasound transducer system of claim 22, wherein
said polymer has a first flexural modulus; and wherein said
backing has a flexural modulus of at least twice that of the first
flexural modulus.
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31. The ultrasound transducer system of claim 30, wherein
the flexural modulus of the polymer is at least 20 Mpa.

32. An acoustic attenuation device comprising:

acoustic attenuation material operable to attenuate acoustic

energy incident upon said acoustic attenuation material;
and

a support structure interconnected to said acoustic attenu-

ation material, wherein said acoustic attenuation mate-
rial includes a first non-woven component comprised of
a polymer having a porosity and a second component
comprised of a support material.

33. The acoustic attenuation device of claim 32, wherein
said porosity is partially filled with said second component.

34. The acoustic attenuation device of claim 32, wherein
said first non-woven component comprises a plurality of
membranes, wherein said second component comprises a
plurality of support layers, wherein said plurality of mem-
branes are interleaved with said plurality of support layers.

35. The acoustic attenuation device of claim 34, wherein
each of said plurality of membranes comprises a plurality of
vias defining a plurality of passageways through said plurality
of membranes, wherein at least a portion of said plurality of
vias are filled with said support material.

36. The acoustic attenuation device of claim 35, wherein
said porous polymer is selected from a group consisting of
PTFE, urethane, polystyrene, fluoropolymer, silicone and
polyolefin.

37. The acoustic attenuation device of claim 36, wherein
said support material is selected from a group consisting of
epoxy, THV, FEP, PTFE, PES, EFEP, PET, PEEK, PEI, PC
and LCP.

38. The acoustic attenuation device of claim 34, wherein
said plurality of membranes each has a thickness less than 800
microns, wherein said plurality of support layers each has a
thickness less than 500 microns.

39. The acoustic attenuation device of claim 38, wherein
said polymer is selected from a group consisting of PTFE,
urethane, polystyrene, fluoropolymer, silicone and polyole-
fin.

40. The acoustic attenuation device of claim 39, wherein
said support material is selected from a group consisting of
thermoset, thermoplastic, fluoropolymer and epoxy.

41. The acoustic attenuation device of claim 39, wherein
said support material is selected from a group consisting of
polymer, ceramic and metal.

42. Acoustic attenuation material operable to attenuate
acoustic energy incident upon said material, said material
comptising:

a first non-woven component comprised of a first polymer,
said first non-woven component having a porosity; and
second component comprised of a second polymer,
wherein said porosity is partially filled with said second
component, wherein said first non-woven component
has a first flexural modulus when said porosity is free
from said second component, wherein said first non-
woven component has a second flexural modulus when
said second component is partially disposed within said
porosity, wherein said first flexural modulus is lower
than said second flexural modulus.

43. The acoustic attenuation material of claim 42, wherein
said first polymer is selected from a group consisting of
PTFE, urethane, polystyrene, fluoropolymer, silicone and
polyolefin.
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44. The acoustic attenuation material of claim 42, wherein
said second polymer is selected from a group consisting of
epoxy, THV, FEP, PTFE, PES, EFEP, PET, PEEK, PEI, PC
and LCP.

45. The acoustic attenuation material of claim 42, wherein
said first non-woven component has an acoustic attenuation
of at least 25 dB/cm at 1 MHz when said porosity is free from
said second component.

46. The acoustic attenuation material of claim 42, wherein
a frequency of said acoustic energy is between 100 kHz and
100 MHz.

47. Acoustic attenuation material comprising:

a first non-woven layer adapted for use in attenuating
acoustic energy having a frequency between 100 kHz
and 100 MHz having a first flexural modulus and a first
acoustic attenuation; and

a second layer having a second flexural modulus and a
second acoustic attenuation, the first flexural modulus
being less than the second flexural modulus and the first
acoustic attenuation being at least two times greater than
the second acoustic attenuation.

48. The acoustic attenuation material of claim 47, wherein
said first non-woven layer is comprised of a polymer selected
from a group consisting of PTFE, urethane, polystyrene, fluo-
ropolymer, silicone and polyolefin, wherein said first non-
woven layer has a porosity, wherein said second layer is
comprised of a support material selected from a group con-
sisting of polymer, ceramic and metal.

49. The acoustic attenuation material of claim 48, wherein
said first acoustic attenuation is at least 50 dB/cm at 1 MHz.

50. The acoustic attenuation material of claim 48, wherein
said first layer is comprised of PTFE.

51. The acoustic attenuation material of claim 48, wherein
a portion of said porosity is filled with said support material.

52. Acoustic attenuation material operable to attenuate
acoustic energy incident upon said material, said material
comprising:

a plurality of non-woven membranes comprising a poly-

mer having a porosity; and

a plurality of support layers, wherein said plurality of non-
woven membranes are interleaved with said plurality of
support layers.

53. The acoustic attenuation material of claim 52, wherein

a first non-woven menibrane of said plurality of non-woven
membranes has a first plurality of vias defining a plurality of
passageways through said first non-woven membrane,
wherein a second non-woven membrane of said plurality of
non-woven membranes has a second plurality of vias defining
a plurality of passageways through said second non-woven
membrane, wherein said plurality of support layers comprise,
and at least a portion of said first plurality of vias and at least
a portion of said second plurality of vias are filled with, a
common support material.

54. The acoustic attenuation material of claim 53, wherein
at least a portion of said first plurality of vias are free from
alignment with any vias of said second plurality of vias.

55. The acoustic attenuation material of claim 54, wherein
most of said first plurality of vias are free from alignment with
any vias of said second plurality of vias.

56. The acoustic attenuation material of claim 55, wherein
each via of said first plurality of vias is free from alignment
with any via of said second plurality of vias.

57. The acoustic attenuation material of claim 53, wherein
said acoustic attenuation material has an acoustic attenuation
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of at least 25 dB/cm at 1 MHz for acoustic energy traveling
perpendicular to said first non-woven membrane.

58. The acoustic attenuation material of claim 53, wherein
said common support material comprises a material selected
from a group consisting of epoxy, THV, FEP, PTFE, PES,
EFEP, PET, PEEK, PEIL, PC and LCP.

59. The acoustic attenuation material of claim 53, wherein
said polymer is selected from a group consisting of PTFE,
urethane, polystyrene, fluoropolymer, silicone and polyole-
fin.

60. The acoustic attenuation material of claim 59, wherein
said polymer is PTFE.

61. The acoustic attenuation material of claim 52, wherein
said polymer is selected from a group consisting of PTFE,
urethane, polystyrene, fluoropolymer, silicone and polyole-
fin, wherein said plurality of support layers are comprised of
a material selected from a group consisting of polymer,
ceramic and metal.

62. The acoustic attenuation material of claim 52, wherein
said porosity is between 5 and 85 percent.

63. The acoustic attenuation material of claim 52, wherein
a frequency of said acoustic energy is between 100 kHz and
100 MHz.

64. The acoustic attenuation material of claim 52, wherein
said plurality of non-woven membranes each has a thickness
less than 800 microns, wherein said plurality of support layers
each has a thickness less than 500 microns.

65. The acoustic attenuation material of claim 64, further
comprising a plurality of interconnection layers disposed
between adjacent ones of said plurality of non-woven mem-
branes and said plurality of support layers, each of said plu-
rality of interconnection layers comprising:

an adhesive carrier having a first surface and a second

surface;

a first adhesive layer disposed on said first surface; and

a second adhesive layer disposed on said second surface.

66. The acoustic attenuation material of claim 65, wherein
said plurality of interconnection layers are operable to bind
said adjacent ones of said non-woven membranes and said
support layers to each other.

67. The acoustic attenuation material of claim 64, wherein
said acoustic attenuation material has an acoustic attenuation
of at least 25 dB/cm at 1 MHz for acoustic energy traveling
perpendicular to said non-woven membranes.

68. Acoustic attenuation material comprising:

a first side;

a second side oppositely disposed from said first side;

a polymer having a porosity; and

areinforcing material, wherein acoustic attenuation of said

polymeris at least twice that of said reinforcing material,
wherein said polymer and said reinforcing material are
configured such that a sound beam traveling from said
first side to said second side must pass through at least a
portion of said polymer.

69. The acoustic attenuation material of claim 68, wherein
said polymer having said porosity has a first flexural modulus;
and

wherein said acoustic attenuation material has an overall

flexural modulus of at least twice that of said first flex-
ural modulus.

70. The acoustic attenuation material of claim 69, wherein
said first flexural modulus is less than 20 Mpa and said second
flexural modulus is at least 40 Mpa.
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71. The acoustic attenuation material of claim 68, wherein
said polymer is selected from a group consisting of PTFE,
urethane, polystyrene, fluoropolymer, silicone and polyole-
fin, wherein said reinforcing material is selected from a group
consisting of polymer, ceramic and metal.

72. The acoustic attenuation material of claim 68, wherein
said reinforcing material is selected from a group consisting
of epoxy, THV, FEP, PTFE, PES, EFEP, PET, PEEK, PEL, PC
and LCP.

73. The acoustic attenuation material of claim 68, wherein
said porosity is at least 5 percent.

74. The acoustic attenuation material of claim 68, wherein
said acoustic attenuation material has an acoustic attenuation
of at least 25 dB/cm at 1 MHz with respect to sound traveling
from said first side to said second side.

75. A method of attenuating acoustic energy, said method
comprising:

placing a member comprising a plurality of layers of non-

woven porous polymer in the path of acoustic energy to
be attenuated,

absorbing at least a portion of said acoustic energy within

member; and

supporting said plurality of layers of non-woven porous

polymer with at least one layer of a support material.

76. The method of claim 75, wherein said absorbing com-
prises receiving at least a portion of said acoustic energy in
said plurality of layers of non-woven porous polymer,
wherein said plurality of layers of non-woven porous polymer
are interleaved with a plurality of layers of said support mate-
rial.

77. The method of claim 76, wherein said plurality of
layers of non-woven porous polymer are perforated mem-
branes.

78. The method of claim 77, wherein said porous polymer
is selected from a group consisting of PTFE, urethane, poly-
styrene, fluoropolymer, silicone and polyolefin, wherein said
support material is comprised of a material selected from a
group consisting of epoxy, THV, FEP, PTFE, PES, EFEP,
PET, PEEK, PEI, PC and LCP.

79. The method of claim 77, wherein said support material
at least partially fills a portion of perforations of said perfo-
rated membranes.

80. The method of claim 76, wherein said plurality of
layers of non-woven porous polymer each has a thickness less
than 800 microns, wherein said plurality of layers of said
support material each has a thickness less than 500 microns.

81. The method of claim 80, wherein said porous polymer
is selected from a group consisting of PTFE, urethane, poly-
styrene, fluoropolymer, silicone and polyolefin, wherein said
support material comprises a material selected from a group
consisting of polymer, ceramic, and metal.

82. The method of claim 76, wherein said member has a
front side and a rear side, wherein said placing step includes
locating said member adjacent to a surface, wherein said front
side is in face to face contact with said surface, wherein said
absorbing step includes absorbing acoustic energy emanating
from said surface within said member and absorbing acoustic
energy incident upon said rear side within said member.

83. The method of claim 76, wherein said placing is per-
formed within a predetermined volume, wherein said absorb-
ing step damps acoustic energy within said predetermined
volume.

84-109. (canceled)
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