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(57) ABSTRACT

There is provided an ultrasonic transducer having a sample-
contacting portion and a back portion, the back portion being
opposed to the sample contacting portion. The transducer
includes a piezoelectric material configured to be in acoustic
communication with a sample and a backing structure in
acoustic communication with the piezoelectric material. The
backing structure is configured to reflect acoustic energy
towards the sample-contacting portion and away from the
back portion of the ultrasonic transducer. The backing
structure includes a low acoustic impedance layer and a high
acoustic impedance layer. The transducer may also include
a second dual layer de-matching backing. The second dual
layer de-matching backing includes a second low acoustic
impedance layer and a second high acoustic impedance
layer. There are also provided ultrasonic transducers includ-
ing a one-dimensional piezoelectric array or a two-dimen-
sional piezoelectric matrix and including backing structure
configured to reflect acoustic energy.
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ULTRASONIC TRANSDUCERS, BACKING
STRUCTURES AND RELATED METHODS

TECHNICAL FIELD

[0001] The technical field generally relates to the field of
acoustic energy and more particularly relates to an ultrasonic
transducer, related devices, apparatuses methods and tech-
niques.

BACKGROUND

[0002] Piezoelectric acoustic transducers are widely used
in many industries and for a broad variety of applications.
For example, piezoelectric ultrasonic transducers can be
employed in medical applications, for example diagnostic
imaging and/or therapeutic applications. Other applications
include but are not limited to ultrasonic non-destructive
testing and ultrasonic machining and welding. Piezoelectric
ultrasonic transducers change electrical energy into
mechanical energy, and reciprocally convert acoustic waves
into electrical signal(s).

[0003] There is still a need for techniques, apparatus,
devices and methods that alleviate or mitigate the problems
of prior art.

SUMMARY

[0004] Inaccordance with one aspect, there is provided an
ultrasonic transducer, including:

[0005] a piezoelectric material having a front surface
and a back surface, the piezoelectric material being
configured to be in acoustic communication with a
sample;

[0006] a backing structure positioned at the back sur-
face of the piezoelectric material and configured to
reflect acoustic energy towards the front surface of the
piezoelectric material, the backing structure being ther-
mally conductive and electrically conductive, the back-
ing structure including:

[0007] afirst dual layer de-matching backing, the first
dual layer de-matching backing including:

[0008] a first layer of graphite; and
[0009] alayer made of tungsten in contact with the
first layer of graphite;

[0010] a second dual layer de-matching backing con-
tacting the first dual layer de-matching backing, the
second dual layer de-matching backing including:
[0011] a second layer of graphite; and
[0012] alayer of copper in contact with the second

layer of graphite;

[0013] a heat sink in thermal contact with the backing
structure; and

[0014] one or more electrodes in electrical communi-
cation with the piezoelectric material.

[0015] In some embodiments, the heat sink includes at
least one channel, the channel being configured for receiving
and circulating a heat transfer fluid therein.

[0016] In some embodiments, the heat transfer fluid is a
liquid.
[0017] In some embodiments, the heat sink is electrically

insulated from the backing structure.

[0018] In some embodiments, the ultrasonic transducer is
operable at an operational frequency, the operational fre-
quency being related to an operational wavelength (A,); and
the layer of graphite, the layer made of tungsten in contact
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with the first layer of graphite, the second layer of graphite
and the layer of copper each have a corresponding thickness
of about A /4 thick or odd multiples of A /4.

[0019] In some embodiments, the piezoelectric material is
configured to be half wave resonant at the operational
frequency.

[0020] In some embodiments, the ultrasonic transducer
includes a single de-matching layer positioned between the
piezoelectric material and the backing structure, the single
de-matching layer being in acoustic communication with the
piezoelectric material and the backing structure, the single
de-matching layer having a corresponding acoustic imped-
ance relatively higher than an acoustic impedance of the
piezoelectric material, wherein the piezoelectric material is
configured to be quarter wave resonant at the operational
frequency.

[0021] In some embodiments, the piezoelectric material
has a resonant frequency, the resonant frequency being
related to a resonant wavelength A, the single de-matching
layer having a thickness of less than 2A,/5 thick with respect
to the resonant frequency of the piezoelectric material.
[0022] In some embodiments, the single de-matching
layer has a thickness ranging between about A,/10 and
about) A,/20.

[0023] In some embodiments, the single de-matching
layer is made from tungsten.

[0024] In some embodiments, the piezoelectric material
has acousting properties including an acoustic impedance of
about 27.5 MegaRayls.

[0025] In some embodiments, the first layer of graphite
has an acoustic impedance of about 5.1 MegaRayls.
[0026] In some embodiments, the first layer of graphite
has a thickness included in a range extending from about 1.5
mm to about 1.6 mm.

[0027] In some embodiments, the layer of tungsten has an
acoustic impedance of about 100 MegaRayls.

[0028] In some embodiments, the layer of tungsten has a
thickness included in a range extending from about 2.6 mm
to about 2.7 mm.

[0029] Insome embodiments, the second layer of graphite
has an acoustic impedance of about 5.1 MegaRayls.
[0030] Insome embodiments, the second layer of graphite
has a thickness included in a range extending from about 1.5
mm to about 1.6 mm.

[0031] In some embodiments, the layer of copper has an
acoustic impedance of about 41.5 MegaRayls.

[0032] In some embodiments, the layer of copper has a
thickness included in a range extending from about 2.5 mm
to about 2.6 mm.

[0033] In some embodiments, the piezoelectric material is
a poled composite piezoelectric disc.

[0034] In some embodiments, the poled composite piezo-
electric disc is in a 1 3 configuration.

[0035] In some embodiments, the piezoelectric material is
a composite of PZT4, the piezoelectric material including
1000 um by 1000 um pillars separated by 200 um kerfs, the
kerfs being cut at a pitch of about 1200 um.

[0036] In some embodiments, the piezoelectric material
has a thickness included in a range extending from about
2.35 mm to about 2.45 mm.

[0037] In some embodiments, the kerfs are filled with a
composite filler, the composite filler including particles of
hafnium dioxide doped into epoxy.



US 2024/0017294 Al

[0038] In some embodiments, the composite filler is in a
0 3 configuration.

[0039] Insome embodiments, the epoxy is Epo-Tek® 301.
[0040] In some embodiments, the piezoelectric material
consists of a piezoelectric layer.

[0041] In some embodiments, the ultrasonic transducer
includes a thermally conductive structure in contact with the
backing structure.

[0042] In some embodiments, the thermally conductive
structure is electrically insulated from the backing structure.
[0043] In some embodiments, the thermally conductive
structure is a layer made of AIN or a layer made of beryllium
oxide.

[0044] In some embodiments, the thermally conductive
structure extends on lateral portions of the backing structure.
[0045] In some embodiments, the thermally conductive
structure includes at least one electrically conductive via
passing through the thermally conductive structure.

[0046] In some embodiments, the ultrasonic transducer
includes a control unit electrically connected to at least one
of the piezoelectric material, the backing structure and the
one or more electrodes.

[0047] In some embodiments, the one or more electrodes
are electrically connected to the piezoelectric material
through the backing structure.

[0048] In some embodiments, the ultrasonic transducer
includes a wear layer having abrasion-resistant properties.

[0049] In some embodiments, the wear layer is made from
titanium.
[0050] In some embodiments, the ultrasonic transducer

has a diameter of about 50 mm.

[0051] In some embodiments, the backing structure is
further configured to reflect the acoustic energy in phase.
[0052] In some embodiments, the backing structure is
further configured to spatially and temporally disperse
unwanted acoustic reverberations in the backing structure.
[0053] Inaccordance with one aspect, there is provided an
ultrasonic transducer, including:

[0054] a piezoelectric material having a front surface
and a back surface, the piezoelectric material being
configured to be in acoustic communication with a
sample; and

[0055] a backing structure positioned at the back sur-
face of the piezoelectric material and configured to
reflect acoustic energy towards the front surface of the
piezoelectric material, the backing structure including:

[0056] a first dual layer de-matching backing, the first
dual layer de-matching backing including a first low
acoustic impedance layer and a first high acoustic
impedance layer; and

[0057] a second dual layer de-matching backing con-
nected to the first dual layer de-matching backing, the
second dual layer de-matching backing including a
second low acoustic impedance layer and a second high
acoustic impedance layer.

[0058] In some embodiments, the ultrasonic transducer
includes at least one of a heat sink in thermal contact with
the backing structure or a thermally conductive layer acous-
tically matched with the piezoelectric material.

[0059] In some embodiments, the ultrasonic transducer
includes one or more electrodes in electrical communication
with the piezoelectric material.

[0060] In some embodiments, the backing structure is
thermally conductive and electrically conductive.
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[0061] In some embodiments, the ultrasonic transducer
includes a pre-assembled electrical circuit, the pre-as-
sembled electrical circuit being in electrical communication
with a top portion of the backing structure, such that it is in
electrical communication with the piezoelectric material.
[0062] Insome embodiments, the pre-assembled electrical
circuit includes at least one of: a printed circuit board, an
interposer, an integrated circuit and an application-specific
integrated circuit.

[0063] In some embodiments, the heat sink includes at
least one channel, the channel being configured for receiving
and circulating a heat transfer fluid therein.

[0064] In some embodiments, the heat transfer fluid is a
liquid.
[0065] In some embodiments, the heat sink is electrically

insulated from the backing structure.

[0066] In some embodiments, the ultrasonic transducer is
operable at an operational frequency, the operational fre-
quency being related to an operational wavelength (A,); and
the first low acoustic impedance layer, the first high acoustic
impedance layer, the second low acoustic impedance layer
and the second high acoustic impedance layer each have a
corresponding thickness of about A /4 thick or odd multiples
of A /4.

[0067] In some embodiments, the piezoelectric material is
configured to be half wave resonant at the operational
frequency.

[0068] In some embodiments, the ultrasonic transducer
includes a single de-matching layer positioned between the
piezoelectric material and the backing structure, the single
de-matching layer being in acoustic communication with the
piezoelectric material and the backing structure, the single
de-matching layer having a corresponding acoustic imped-
ance relatively higher than an acoustic impedance of the
piezoelectric material, wherein the piezoelectric material is
configured to be quarter wave resonant at the operational
frequency.

[0069] In some embodiments, the piezoelectric material
has a resonant frequency, the resonant frequency being
related to a resonant wavelength A,, the single de-matching
layer having a thickness of less than 2A,/5 thick with respect
to the resonant frequency of the piezoelectric material.
[0070] In some embodiments, the single de-matching
layer has a thickness ranging between about A.,/10 and about
2,/20.

[0071] In some embodiments, the single de-matching
layer is made from tungsten.

[0072] In some embodiments, the piezoelectric material
has acoustic properties including an acoustic impedance of
about 27.5 MegaRayls.

[0073] In some embodiments, the piezoelectric material is
a poled composite piezoelectric disc.

[0074] In some embodiments, the poled composite piezo-
electric disc has a thickness of about 2.4 mm.

[0075] In some embodiments, the poled composite piezo-
electric disc is in a 1 3 configuration.

[0076] In some embodiments, the piezoelectric material is
a composite of PZT4, the piezoelectric material including
1000 um by 1000 um pillars separated by 200 um kerfs, the
kerfs being cut at a pitch of about 1200 um.

[0077] In some embodiments, the kerfs are filled with a
composite filler, the composite filler including particles of
hafnium dioxide doped into epoxy.
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[0078] In some embodiments, the composite filler is in a
0 3 configuration.
[0079] Insome embodiments, the epoxy is Epo-Tek® 301.
[0080] In some embodiments, the piezoelectric material
consists of a piezoelectric layer.
[0081] In some embodiments, the ultrasonic transducer
includes a thermally conductive structure in contact with the
backing structure.
[0082] In some embodiments, the thermally conductive
structure is electrically insulated from the backing structure.
[0083] In some embodiments, the thermally conductive
structure is a layer made of AIN or a layer made of beryllium
oxide.
[0084] In some embodiments, the thermally conductive
structure extends on lateral portions of the backing structure.
[0085] In some embodiments, the thermally conductive
structure includes at least one electrically conductive via
passing through the thermally conductive structure.
[0086] In some embodiments, the ultrasonic transducer
includes a control unit electrically connected to at least one
of the piezoelectric material and the backing structure.
[0087] In some embodiments, the one or more electrodes
are electrically connected to the piezoelectric material
through the backing structure.
[0088] In some embodiments, the ultrasonic transducer
includes a wear layer having abrasion-resistant properties. In
some embodiments, the wear layer is made from titanium.
[0089] In some embodiments, the ultrasonic transducer
has a diameter of about 50 mm.
[0090] In some embodiments, the backing structure is
further configured to reflect the acoustic energy in phase.
[0091] In some embodiments, the backing structure is
further configured to spatially and temporally disperse
unwanted acoustic reverberations in the backing structure.
[0092] Inaccordance with one aspect, there is provided an
ultrasonic transducer having a sample-contacting portion
and a back portion, the back portion being opposed to the
sample contacting portion, including:
[0093] a piezoelectric material configured to be in
acoustic communication with a sample; and
[0094] a backing structure in acoustic communication
with the piezoelectric material, the backing structure
being configured to reflect acoustic energy towards the
sample-contacting portion and away from the back
portion of the ultrasonic transducer, the backing struc-
ture including:

[0095] a low acoustic impedance layer; and
[0096] a high acoustic impedance layer.
[0097] Insome embodiments, the low acoustic impedance

layer and the high acoustic impedance layer form a first dual
layer de-matching backing, and the ultrasonic transducer the
ultrasonic transducer includes a second dual layer de-match-
ing backing, the second dual layer de-matching backing
including a second low acoustic impedance layer and a
second high acoustic impedance layer.

[0098] In some embodiments, the ultrasonic transducer
includes a heat sink in thermal contact with the backing
structure.

[0099] In some embodiments, the ultrasonic transducer
includes one or more electrodes in electrical communication
with the piezoelectric material.

[0100] In some embodiments, the backing structure is
thermally conductive and electrically conductive.
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[0101] In some embodiments, the ultrasonic transducer
includes a pre-assembled electrical circuit, the pre-as-
sembled electrical circuit being in electrical communication
with a top portion of the backing structure, such that it is in
electrical communication with the piezoelectric material.
[0102] Insome embodiments, the pre-assembled electrical
circuit includes at least one of: a printed circuit board, an
interposer, an integrated circuit and an application-specific
integrated circuit.

[0103] In some embodiments, the heat sink includes at
least one channel, the channel being configured for receiving
and circulating a heat transfer fluid therein.

[0104] In some embodiments, the heat transfer fluid is a
liquid.
[0105] In some embodiments, the heat sink is electrically

insulated from the backing structure.

[0106] In some embodiments, the ultrasonic transducer is
operable at an operational frequency, the operational fre-
quency being related to an operational wavelength (A,); and
the low acoustic impedance layer, the high acoustic imped-
ance layer, the second low acoustic impedance layer and the
second high acoustic impedance layer each have a corre-
sponding thickness of about thick or odd multiples of A /4.
[0107] In some embodiments, the piezoelectric material is
configured to be half wave resonant at the operational
frequency.

[0108] In some embodiments, the ultrasonic transducer
includes a single de-matching layer positioned between the
piezoelectric material and the backing structure, the single
de-matching layer being in acoustic communication with the
piezoelectric material and the backing structure, the single
de-matching layer having a corresponding acoustic imped-
ance relatively higher than an acoustic impedance of the
piezoelectric material, wherein the piezoelectric material is
configured to be quarter wave resonant at the operational
frequency.

[0109] In some embodiments, the piezoelectric material
has a resonant frequency, the resonant frequency being
related to a resonant wavelength A, the single de-matching
layer having a thickness of less than 2, /5 thick with respect
to the resonant frequency of the piezoelectric material.

[0110] In some embodiments, the single de-matching layer
has a thickness ranging between about A,/10 and about
2,/20.

[0111] In some embodiments, the single de-matching layer

is made from tungsten.

[0112] In some embodiments, the piezoelectric material
has acoustic properties including an acoustic impedance of
about 27.5 MegaRayls.

[0113] In some embodiments, the piezoelectric material is
a poled composite piezoelectric disc.

[0114] In some embodiments, the poled composite piezo-
electric disc has a thickness of about 2.4 mm.

[0115] In some embodiments, the poled composite piezo-
electric disc is in a 1 3 configuration.

[0116] In some embodiments, the piezoelectric material is
PZT4, the piezoelectric material including 1000 um by 1000
um pillars separated by 200 um kerfs, the kerfs being cut at
a pitch of about 1200 um.

[0117] In some embodiments, the kerfs are filled with a
composite filler, the composite filler including particles of
hafnium dioxide doped into epoxy.

[0118] In some embodiments, the composite fillerisina 0
3 configuration.
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[0119] In some embodiments, the epoxy is Epo-Tek® 301.
[0120] In some embodiments, the piezoelectric material
consists of a piezoelectric layer.

[0121] In some embodiments, the ultrasonic transducer
includes a thermally conductive structure in contact with the
backing structure.

[0122] In some embodiments, the thermally conductive
structure is electrically insulated from the backing structure.
[0123] In some embodiments, the thermally conductive
structure is a layer made of AIN or a layer made of beryllium
oxide.

[0124] In some embodiments, the thermally conductive
structure extends on lateral portions of the backing structure.
[0125] In some embodiments, the thermally conductive
structure includes at least one electrically conductive via
passing through the thermally conductive structure.

[0126] In some embodiments, the ultrasonic transducer
includes a control unit electrically connected to at least one
of the piezoelectric material and the backing structure.
[0127] In some embodiments, the one or more electrodes
are electrically connected to the piezoelectric material
through the backing structure.

[0128] In some embodiments, the ultrasonic transducer
includes a wear layer having abrasion-resistant properties.

[0129] In some embodiments, the wear layer is made from
titanium.
[0130] In some embodiments, the ultrasonic transducer

has a diameter of about 50 mm.

[0131] In some embodiments, the backing structure is
further configured to reflect the acoustic energy in phase.
[0132] In some embodiments, the backing structure is
further configured to spatially and temporally disperse
unwanted acoustic reverberations in the backing structure.
[0133] In some embodiments, the piezoelectric material is
diced into a plurality of piezoelectric regions, separated one
from another by gaps, the gaps being electrically insulating
and acoustically insulating; at least one of the low acoustic
impedance layer and the high acoustic impedance layer is
diced into a first plurality of elements, separated one from
another by a first set of gaps, each of the first set of gaps
being aligned with a corresponding one of the gaps sepa-
rating the piezoelectric regions, the first set of gaps being
electrically insulating and acoustically insulating; and at
least one of the second low acoustic impedance layer and the
second high acoustic impedance layer is diced into a second
plurality of elements, separated one from another by a
second set of gaps, each of the second set of gaps being
aligned with a corresponding one of the gaps separating the
piezoelectric regions, the second set of gaps being electri-
cally insulating and acoustically insulating.

[0134] Insome embodiments, the gaps, the first set of gaps
and the second set of gaps are thermally conductive.
[0135] Inaccordance with one aspect, there is provided an
ultrasonic transducer, including:

[0136] a one-dimensional piezoelectric array having a
front surface and a back surface, the one-dimensional
piezoelectric array being configured to be in acoustic
communication with a sample and including a plurality
of piezoelectric regions arrayed in one dimension;

[0137] a backing structure positioned at the back sur-
face of the one-dimensional piezoelectric array and
configured to reflect acoustic energy towards the front
surface of the one-dimensional piezoelectric array, the
backing structure including a dual layer de-matching
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backing, the dual layer de-matching backing including
a low acoustic impedance layer and a high acoustic
impedance layer; and
[0138] a pre-assembled electrical circuit, the pre-as-
sembled electrical circuit being in electrical communi-
cation with a top portion of the backing structure, such
that it is in electrical communication with the one-
dimensional piezoelectric array.
[0139] In some embodiments, the ultrasonic transducer
includes a second dual layer de-matching backing, the
second dual layer de-matching backing including a second
low acoustic impedance layer and a second high acoustic
impedance layer.
[0140] In some embodiments, the ultrasonic transducer
includes a heat sink in thermal contact with the backing
structure.
[0141] In some embodiments, the ultrasonic transducer
includes one or more electrodes in electrical communication
with the one-dimensional piezoelectric array.
[0142] In some embodiments, the backing structure is
thermally conductive and electrically conductive.
[0143] Insome embodiments, the pre-assembled electrical
circuit includes at least one of: a printed circuit board, an
interposer, an integrated circuit and an application-specific
integrated circuit.
[0144] In some embodiments, each piezoelectric region is
separated one from another by gaps, the gaps being electri-
cally insulating and acoustically insulating.
[0145] In some embodiments, at least one of the low
acoustic impedance layer and the high acoustic impedance
layer is diced into a first plurality of elements, separated one
from another by a first set of gaps, each of the first set of gaps
being aligned with a corresponding one of the gaps sepa-
rating the piezoelectric regions, the first set of gaps being
electrically insulating and acoustically insulating
[0146] In some embodiments, at least one of the second
low acoustic impedance layer and the second high acoustic
impedance layer is diced into a second plurality of elements,
separated one from another by a second set of gaps, each of
the second set of gaps being aligned with a corresponding
one of the gaps separating the piezoelectric regions, the
second set of gaps being electrically insulating and acous-
tically insulating.
[0147] Insome embodiments, the gaps, the first set of gaps
and the second set of gaps are thermally conductive.
[0148] In some embodiments, the top portion of the back-
ing structure is made from an electrically insulating material.
[0149] In some embodiments, wherein the electrically
insulating material is thermally conductive.
[0150] In some embodiments, the top portion includes a
layer made from AIN traversed by electrically conductive
vias, each electrically conductive via being aligned to a
corresponding one of the plurality of piezoelectric regions
arrayed in one dimension.
[0151] In some embodiments, the layer made from AIN
layer has a front face, the layer made from AIN layer being
partially diced from the front face to enhance acoustic
separation of adjacent ones of the plurality of piezoelectric
regions arrayed in one dimension.
[0152] In some embodiments, the heat sink includes at
least one channel, the channel being configured for receiving
and circulating a heat transfer fluid therein.
[0153] In some embodiments, the heat transfer fluid is a
liquid.
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[0154] In some embodiments, the heat sink is electrically
insulated from the backing structure.

[0155] In some embodiments, the ultrasonic transducer is
operable at an operational frequency, the operational fre-
quency being related to an operational wavelength (A,); and
the low acoustic impedance layer, the high acoustic imped-
ance layer, the second low acoustic impedance layer and the
second high acoustic impedance layer each have a corre-
sponding thickness of about A /4 thick or odd multiples of
A4

[0156] In some embodiments, the one-dimensional piezo-
electric array is configured to be half wave resonant at the
operational frequency.

[0157] In some embodiments, the ultrasonic transducer
includes a single de-matching layer positioned between the
one-dimensional piezoelectric array and the backing struc-
ture, the single de-matching layer being in acoustic com-
munication with the one-dimensional piezoelectric array and
the backing structure, the single de-matching layer having a
corresponding acoustic impedance relatively higher than an
acoustic impedance of the one-dimensional piezoelectric
array, wherein the one-dimensional piezoelectric array is
configured to be quarter wave resonant at the operational
frequency.

[0158] In some embodiments, the one-dimensional piezo-
electric array has a resonant frequency, the resonant fre-
quency being related to a resonant wavelength A, the single
de-matching layer having a thickness of less than 2A,/5 thick
with respect to the resonant frequency of the one-dimen-
sional piezoelectric array.

[0159] In some embodiments, the single de-matching
layer has a thickness ranging between about A,/10 and about
2,/20.

[0160] In some embodiments, the single de-matching

layer is made from tungsten.

[0161] In some embodiments, the piezoelectric regions
include pillars separated by kerfs.

[0162] In some embodiments, the kerfs are filled with a
composite filler, the composite filler including particles of
hafnium dioxide doped into epoxy.

[0163] In some embodiments, the composite filler is in a
0 3 configuration.

[0164] Insomeembodiments, the epoxy is Epo-Tek® 301.
[0165] In some embodiments, the piezoelectric regions
consist of a piezoelectric layer.

[0166] In some embodiments, the ultrasonic transducer
includes a thermally conductive structure in contact with the
backing structure.

[0167] In some embodiments, the thermally conductive
structure is electrically insulated from the backing structure.
[0168] In some embodiments, the thermally conductive
structure is a layer made of AIN or a layer made of beryllium
oxide.

[0169] In some embodiments, the thermally conductive
structure extends on lateral portions of the backing structure.
[0170] In some embodiments, the ultrasonic transducer
includes a control unit electrically connected to at least one
of the one-dimensional piezoelectric array and the backing
structure.

[0171] In some embodiments, the one or more electrodes
are electrically connected to the one-dimensional piezoelec-
tric array through the backing structure.

[0172] In some embodiments, the ultrasonic transducer
includes a wear layer having abrasion-resistant properties.
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[0173] Insome embodiments, the wear layer is made from
titanium.
[0174] In some embodiments, the ultrasonic transducer

has a diameter of about 50 mm.

[0175] In some embodiments, the backing structure is
further configured to reflect the acoustic energy in phase.
[0176] In some embodiments, the backing structure is
further configured to spatially and temporally disperse
unwanted acoustic reverberations in the backing structure.
[0177] Inaccordance with one aspect, there is provided an
ultrasonic transducer, including:

[0178] a two-dimensional piezoelectric matrix having a
front surface and a back surface, the two-dimensional
piezoelectric matrix being configured to be in acoustic
communication with a sample;

[0179] a backing structure positioned at the back sur-
face of the one-dimensional piezoelectric matrix and
configured to reflect acoustic energy towards the front
surface of the two-dimensional piezoelectric matrix,
the backing structure including a dual layer de-match-
ing backing, the dual layer de-matching backing
including a low acoustic impedance layer and a high
acoustic impedance layer; and

[0180] a pre-assembled electrical circuit, the pre-as-
sembled electrical circuit being in electrical communi-
cation with a top portion of the backing structure, such
that it is in electrical communication with the two-
dimensional piezoelectric matrix.

[0181] In some embodiments, the ultrasonic transducer
includes a second dual layer de-matching backing, the
second dual layer de-matching backing including a second
low acoustic impedance layer and a second high acoustic
impedance layer.

[0182] In some embodiments, the ultrasonic transducer
includes a heat sink in thermal contact with the backing
structure.

[0183] In some embodiments, the ultrasonic transducer
includes one or more electrodes in electrical communication
with the two-dimensional piezoelectric matrix.

[0184] In some embodiments, the backing structure is
thermally conductive and electrically conductive.

[0185] Insome embodiments, the pre-assembled electrical
circuit includes at least one of: a printed circuit board, an
interposer, an integrated circuit and an application-specific
integrated circuit.

[0186] In some embodiments, the two-dimensional piezo-
electric matric includes a plurality of piezoelectric regions,
each piezoelectric region being separated one from another
by gaps, the gaps being electrically insulating and acousti-
cally insulating.

[0187] In some embodiments, at least one of the low
acoustic impedance layer and the high acoustic impedance
layer is diced into a first plurality of elements, separated one
from another by a first set of gaps, each of the first set of gaps
being aligned with a corresponding one of the gaps sepa-
rating the piezoelectric regions, the first set of gaps being
electrically insulating and acoustically insulating In some
embodiments, at least one of the second low acoustic
impedance layer and the second high acoustic impedance
layer is diced into a second plurality of elements, separated
one from another by a second set of gaps, each of the second
set of gaps being aligned with a corresponding one of the
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gaps separating the piezoelectric regions, the second set of
gaps being electrically insulating and acoustically insulat-
ing.

[0188] Insomeembodiments, the gaps, the first set of gaps
and the second set of gaps are thermally conductive.
[0189] In some embodiments, the top portion of the back-
ing structure is made from an electrically insulating material.
[0190] In some embodiments, the electrically insulating
material is thermally conductive.

[0191] In some embodiments, the top portion includes a
layer made from AIN traversed by electrically conductive
vias, each electrically conductive via being aligned to a
corresponding one of the plurality of piezoelectric regions.
[0192] In some embodiments, the layer made from AIN
layer has a front face, the layer made from AIN layer being
partially diced from the front face to enhance acoustic
separation of adjacent ones of the plurality of piezoelectric
regions arrayed in one dimension.

[0193] In some embodiments, the heat sink includes at
least one channel, the channel being configured for receiving
and circulating a heat transfer fluid therein.

[0194] In some embodiments, the heat transfer fluid is a
liquid.
[0195] In some embodiments, the heat sink is electrically

insulated from the backing structure.

[0196] In some embodiments, the ultrasonic transducer is
operable at an operational frequency, the operational fre-
quency being related to an operational wavelength (,); and
the low acoustic impedance layer, the high acoustic imped-
ance layer, the second low acoustic impedance layer and the
second high acoustic impedance layer each have a corre-
sponding thickness of about thick or odd multiples of A /4.
[0197] In some embodiments, the two-dimensional piezo-
electric matrix is configured to be half wave resonant at the
operational frequency.

[0198] In some embodiments, the ultrasonic transducer
includes a single de-matching layer positioned between the
two-dimensional piezoelectric matrix and the backing struc-
ture, the single de-matching layer being in acoustic com-
munication with the two-dimensional piezoelectric matrix
and the backing structure, the single de-matching layer
having a corresponding acoustic impedance relatively
higher than an acoustic impedance of the two-dimensional
piezoelectric matrix, wherein the two-dimensional piezo-
electric matrix is configured to be quarter wave resonant at
the operational frequency.

[0199] In some embodiments, the two-dimensional piezo-
electric matrix has a resonant frequency, the resonant fre-
quency being related to a resonant wavelength A, the single
de-matching layer having a thickness of less than 2A /5 thick
with respect to the resonant frequency of the two-dimen-
sional piezoelectric matrix.

[0200] In some embodiments, the single de-matching
layer has a thickness ranging between about A,/10 and about
2,/20.

[0201] In some embodiments, the single de-matching

layer is made from tungsten.

[0202] In some embodiments, the two-dimensional piezo-
electric matrix includes pillars separated by kerfs.

[0203] In some embodiments, the kerfs are filled with a
composite filler, the composite filler including particles of
hafnium dioxide doped into epoxy.

[0204] In some embodiments, the composite filler is in a
0 3 configuration.
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[0205] Insome embodiments, the epoxy is Epo-Tek® 301.
[0206] In some embodiments, the two-dimensional piezo-
electric matrix consists of a piezoelectric layer.

[0207] In some embodiments, the ultrasonic transducer
includes a thermally conductive structure in contact with the
backing structure.

[0208] In some embodiments, the thermally conductive
structure is electrically insulated from the backing structure.
[0209] In some embodiments, the thermally conductive
structure is a layer made of AIN or a layer made of beryllium
oxide.

[0210] In some embodiments, the thermally conductive
structure extends on lateral portions of the backing structure.
[0211] In some embodiments, the ultrasonic transducer
includes a control unit electrically connected to at least one
of the two-dimensional piezoelectric matrix and the backing
structure.

[0212] In some embodiments, the one or more electrodes
are electrically connected to the two-dimensional piezoelec-
tric matrix through the backing structure.

[0213] In some embodiments, the ultrasonic transducer
includes a wear layer having abrasion-resistant properties.

[0214] Insome embodiments, the wear layer is made from
titanium.
[0215] In some embodiments, the ultrasonic transducer

has a diameter of about 50 mm.

[0216] In some embodiments, the backing structure is
further configured to reflect the acoustic energy in phase. In
some embodiments, the backing structure is further config-
ured to spatially and temporally disperse unwanted acoustic
reverberations in the backing structure.

[0217] In accordance with another aspect, there is pro-
vided multi-layer ultrasound transducer backing structures.
In some embodiments, the backing structures allow reflect-
ing a significant portion and, in some instances virtually all
acoustic energy out the front of the transducer. Such trans-
ducers are generally not affected by physical contact at the
back of the backing stack.

[0218] In accordance with another aspect, there is pro-
vided a single element liquid cooled material specific trans-
ducer designed to match titanium. The transducer includes a
de-matching structure, such as a dual layer de-matching
backing (DLDB). The DLDB can be designed to operate on
a 680 kHz piezoelectric transducer. The transducer can have
apiezocomposite element of 27.5 MegaRayls (MR) acoustic
impedance and includes a first DLDB pair bonded to a
second DLDB pair, the first DLDB pair including a first
layer of graphite having an acoustic impedance of approxi-
mately 5.1 (MR) and a thickness of 1.03 mm, and a second
layer of tungsten metal having an acoustic impedance of
approximately 100 MR and a thickness of 1.53 mm, the
second DLDB pair including of a first layer of graphite
having an acoustic impedance of approximately 5.1 (MR)
and a thickness of 0.905 mm, and a second layer of copper
metal having an acoustic impedance of approximately 41.5
MR and a thickness of 1.71 mm.

[0219] In some embodiments, the DLDB includes a first
backing layer and a second backing layer, each having a
distal face and a proximal face. The proximal face can be in
acoustic contact with the distal face of the second backing
layer. The DLDB can be placed in acoustic contact with a
piezoelectric element having a distal and a proximal face,
the distal face of the first backing layer being in contact with
the proximal face of the piezoelectric element. The first and
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second backing layers of the DLDB can be designed to be
about %4 lambda thickness for the designed resonant fre-
quency of the piezoelectric element. The first backing layer
can be made from a material having a relatively lower
acoustic impedance as compared to the piezoelectric ele-
ment. The second backing layer can be made from a material
having a relatively higher acoustic impedance compared to
the first backing layer.

[0220] In some embodiments, the transducer comprises a
2.4 mm thick 1 3 poled composite piezoelectric disc, the
thickness corresponding to about between 0.35 and 0.4
lambda, but operating in 2 lambda mode, having a positive
electrode on the proximal face and negative electrode on the
distal face. The thickness of the piezo electric disc can be
chosen to be thinner than % lambda to compensate for the
mass loading effect of the DLDB backing. The piezoelectric
composite can be made by dicing and filling poled PZT4
material having 200 um kerfs cut at a pitch of 1200 um
leaving 1000 um by 1000 um pillars separated by 200 um
kerfs. The kerfs can be, for example and without being
limitative, filled with a 0 3 composite filler of c.a. 5 um
particles of hafnium dioxide doped into Epotek 301 epoxy,
such that the acoustic impedance of the composite kerf filler
material ranges between approximately 7 to 8 Mega Rayls
(MR), and the acoustic impedance of the overall piezocom-
posite layer is closely matched to titanium being approxi-
mately 27.5 MR. The negative face of the piezoelectric
composite layer can be bonded to the proximal face of a 6
mm thick disc of ZA-8 zinc-aluminum alloy, using, for
example, a tungsten powder loaded epoxy. The distal face of
the ZA-8 disc, can then be bonded to the proximal face of
an alumina composite disc, using a submicron particle
hafnium oxide loaded Epotek 301 epoxy. The alumina
composite disc can include pillars of 750 um by 750 um by
1400 um height, separated by kerfs of 200 um, the kerfs
being filled with the same hafnium particle loaded epoxy
used to make the piezoelectric composite disc. The distal
face of the alumina composite can be bonded in turn to the
proximal face of a 3 mm thick disc of titanium, with a layer
of submicron hatnium oxide loaded Epotek 301 epoxy. Two
sets of dual layer de-matching backings (DLDB) can then be
bonded to the proximal face of the piezoelectric disc using
sub-micron tungsten powder loaded Epotek 301 epoxy as
follows. The proximal face of the piezoelectric composite
disc is bonded to the distal face of a 1030 um thick Poco
DFP-1 graphite disc, having acoustic impedance of 5.1 MR,
905 um corresponding to % lambda at 680 kHz, the centre
frequency of the transducer. The proximal face of the
graphite disc is then bonded to the distal face of a 1530 um
thick tungsten disc, having acoustic impedance of 100 MR,
the thickness of the tungsten disc corresponding to 4
lambda at ~850 kHz, also slightly above the center fre-
quency of the transducer. The proximal face of the tungsten
disc is then bonded to the proximal face of a 905 um thick
Poco DFP-1 graphite disc, having acoustic impedance of 5.1
MR, the thickness corresponding to ¥4 lambda at ~800 kHz,
slightly above the centre frequency of the transducer. The
proximal face of the graphite disc is bonded to the distal face
of'a 1710 um thick copper disc, having acoustic impedance
of41.5 MR, the thickness corresponding to ¥4 lambda at 680
kHz. The graphite disc, and tungsten disc, constitute the first
dual-layer de-matching backing stack, and the graphite disc
and copper disc constitute the second DLDB stack. These
two stacks work together to acoustically isolate the piezo-
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electric composite disc from the thermal cooling elements of
the transducer, allowing the thermal cooling solution to be
directly bonded to the proximal face of the copper disc
without substantially disrupting the acoustic performance of
the transducer. In these embodiments, the distal face of a 1
mm thick highly thermally conductive AIN disc is bonded to
the proximal face of the copper disc, using thermally con-
ductive epoxy. The AIN disc is notched to allow space for
electrical connection to the copper disc to be made with a
soldered wire, or alternatively, a conductive epoxy bonded
wire. It should be noted that the entire DLDB stack in this
embodiment is both electrically and thermally conductive,
making electrical connection to the signal electrode of the
piezoelectric composite disc possible directly through the
DLDB stacks. In addition, it should be noted that many
materials exist that can be practically used in the application
of the disclosed technology beyond those being explicitly
described in this exemplary embodiment, some of which are
electrically conductive, thermally conductive, or both, or
neither thermally or electrically conductive. In this exem-
plary embodiment, the DLDB layers are all both electrically
and thermally conductive. The proximal face of a copper
heat sink base is brazed or soldered to the distal edge a
heat-sink top, to form a hollow copper heat sink assembly,
the distal face of which is directly bonded to the proximal
face of the AIN disc, with thermally conductive but electri-
cally insulating epoxy. In the illustrated embodiments, the
proximal face of the hollow heat sink top is bonded with the
same thermally conductive epoxy to the distal face of an AIN
disc. The AIN disc has two clearance holes in it and a notch,
the holes allowing for the cooling tubes, to be affixed to the
integral barbed tubes of the heat sink top, and the notch
allowing a clearance path for the signal wire attached to the
copper DLDB layer. The proximal face of the AIN disc can
be bonded to the distal face of the copper heat spreader using
thermally conductive epoxy. The copper housing shell can
be press fit onto the perimeter of ZA-8 disc and bonded to
the complete acoustic and thermal stack using an electrically
insulating and thermally conductive epoxy. In some embodi-
ments, all the voids are filled with thermally conductive
electrically insulating epoxy, thus making the entire assem-
bly solid, apart from the hollow interior of the heatsink
assembly (i.e., heatsink top and heat sink bottom). Rubber
hoses, which can have, for example and without being
limitative, an inner diameter of 3 of an inch, are fitted to the
top copper heatsink barbed hose bosses and fixed in place
with hose clamps. The transducer includes an electrical
contact, which can be embodied by a BNC RF electrical
connector, soldered to the copper lid. The centre conductor
of the BNC connector can further be soldered to the signal
wire thus electrically connecting the BNC signal conductor
to the positive signal electrode of the piezoelectric compos-
ite disc. The copper lid can, in some embodiments, be
soldered or bonded with conductive epoxy to the proximal
lip of the copper shell, completing the electrical connection
from the ground of the BNC connector and the negative
electrode of the piezoelectric composite disc via the copper
shell and the ZA-8 disc. The transducer also includes an
electrically insulating plastic housing, bonded to the copper
lid and copper shell, at least partially covering the edge of
the alumina composite disc and resting on the surface of
titanium disc. The resulting transducer (i. e., the assembly of
the components which have been previously described) is
then connected to a liquid circulating air-to-liquid heat
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exchanger and filled with a suitable cooling liquid. A non-
limitative example of cooling liquid is a 50% propylene
glycol/water mixture

[0221] In accordance with another aspect, there is pro-
vided a 1-D linear array having a single DL.DB backing layer
fully diced and electrically attached directly to a PCB which
will now be described. This configuration allows for a
relatively easy electrical interconnection of the array, and
even a relatively direct application of an ASIC or high-
density connector directly to the stack. The array includes a
protective wear layer. This layer could alternatively be a lens
or a matching layer, depending on the application. Piezo-
electric elements, each being separated from one another by
a gap (or kerf) form the 1-D linear array. The array also
includes a first DLDB structure comprising first a low
acoustic impedance %4 lambda layer, separated into elements
with gaps between them, in line with the arrayed piezoelec-
tric elements; and secondly, over the low acoustic imped-
ance layer is provided a high acoustic impedance Y4 lambda
layer, which can be made of tungsten. The high acoustic
impedance layer is separated into elements with gaps
between them, in line with the arrayed piezoelectric ele-
ments. The array is also provided with electrodes on PCB
surfaces, a PCB and a via in printed circuit board connecting
electrodes from one face to the opposite face.

[0222] Inaccordance with yet another aspect of the inven-
tion, a dual DLDB equipped 1-D linear array having a
second DLDB pair overlaying the first DLDB pair, the
second DLDB pair comprising a low acoustic impedance Y4
lambda layer over which is provided a laterally thermally
continuous high acoustic impedance %4 lambda layer. The
thermally conductive layer is AIN or could be beryllium
oxide or another suitable thermally conductive electrically
insulating material and contains electrically conductive vias
to make connection to the elements of the transducer. This
allows the array to be cooled from the edges, and electrically
connected directly with a PCB for example.

[0223] In accordance with another aspect, there is pro-
vided a 2-D matrix transducer. In some embodiments, the
2-D matrix is a dual DLDB 16x16 element matrix array
having a laterally thermally continuous layer. The matrix
transducer includes a protective wear layer, which could be
alternatively replaced by a lens, or a matching layer, depend-
ing on the application spanning the full area of the 2D
transducer array. The matrix transducer includes piezoelec-
tric elements separated from each other by a gap (or kerf) in
two axes to form the 2-D linear array or matrix array. The
matrix transducer includes a first DLDB stack comprising a
low acoustic impedance Y4 lambda layer, separated into
elements with gaps between them in two axes, in line with
the arrayed piezoelectric elements, and a high acoustic
impedance Y4 lambda layer, which can be made from
tungsten. The layer can be separated into elements with gaps
between them in two axes, in line with the arrayed piezo-
electric elements. The layers and define a first stack. The
matrix transducer also includes a second stack. The second
DLDB stack includes a low acoustic impedance % lambda
layer, separated into elements with gaps between them in
two axes, in line with the arrayed piezoelectric elements, and
a high acoustic impedance 4 lambda layer. The layer is
generally continuous and is made from MN. In this context,
the expression “continuous” refers to the fact that the stack
has no gaps and provides lateral thermal conductivity along
both axes of the array. Vertical electrical conductivity is
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provided by vias in the MN layer. This layer is particularly
useful in maintaining equal temperature in the interior of the
2-D array with respect to the edge elements.

[0224] Other features and advantages of the present
description will become more apparent upon reading of the
following non-restrictive description of specific embodi-
ments thereof, given by way of example only with reference
to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0225] FIG. 1a shows a liquid cooled ultrasonic trans-
ducer, in accordance with one embodiment. FIG. 15 shows
a backing structure in contact with a piezoelectric material
of the ultrasonic transducer of FIG. la. FIG. 1c is a
cross-section of FIG. 15. FIG. 1d is a cross-section of FIG.
la.

[0226] FIG. 2 is an exploded view of a liquid cooled
ultrasonic transducer, in accordance with another embodi-
ment.

[0227] FIG. 3 is another exploded view of the liquid
cooled ultrasonic transducer illustrated in FIG. 2.

[0228] FIG. 4 illustrates a backing structure in contact
with a piezoelectric material of the ultrasonic transducer,
and a heat sink in thermal contact with the backing structure,
in accordance with one embodiment.

[0229] FIG. 5 shows a single de-matching layer sand-
wiched between a piezoelectric material and a dual layer
de-matching backing, in accordance with one embodiment.
[0230] FIG. 6 is a cross-section of FIG. 5.

[0231] FIG. 7 illustrates a 16-element one-dimensional
linear array, in accordance with one embodiment.

[0232] FIG. 8 is a cross-section of FIG. 7, illustrating the
layers forming the 16-element one-dimensional linear array.
[0233] FIG. 9 is another cross-section of FIG. 7, illustrat-
ing the layers forming the 16-element one-dimensional
linear array

[0234] FIG. 10 illustrates a 16-element one-dimensional
linear array, in accordance with another embodiment.

[0235] FIG. 11 is a cross-section of FIG. 10, illustrating
the layers forming the 16-element one-dimensional linear
array.

[0236] FIG. 12 is another cross-section of FIG. 10, illus-

trating the layers forming the 16-element one-dimensional
linear array FIG. 13 is a simplified illustration of the
working principle of ultrasonic transducer. More specifi-
cally, considering a relatively narrowband case, there is
shown the interaction of the reflection coeflicients and the
particular arrangement of low and high acoustic impedance
layers in the DLDBs resulting in only in-phase reflections
arriving at the output (front) face of the transducer. Due to
the resonance of each DLDB layer, and the resulting phase
of the alternating pairs, energy only leaves a layer in phase
every four reflections and is partially destructively interfered
with every two reflections. The result is that the energy once
trapped in the DLDB layers takes a relatively long time to
ring down, and at very low amplitude.

[0237] FIG. 14 shows a two-dimensional piezoelectric
matrix, in accordance with one embodiment.

[0238] FIG. 15 is an exploded view of FIG. 14.
[0239] FIG. 16 is a cross-section of FIG. 14.
[0240] FIG. 17 shows an ultrasonic transducer, in accor-

dance with another embodiment.
[0241] FIG. 18 shows an ultrasonic transducer, in accor-
dance with another embodiment.
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[0242] FIG. 19a is a comparison of state-of-the-art air-
backed material specific transducer (top) transmitting into
Titanium at 680 kHz with no heat sink and the ultrasonic
transducer of FIG. 1a (bottom) at the same conditions. FIG.
195 is a comparison of log of the envelope of the state-of-
the-art air-backed material specific transducer transmitting
into titanium (top) and the ultrasonic transducer of FIG. 1a
transmitting into titanium(bottom).

[0243] FIG. 20 is a comparison of three 680 kHz material
specific transducers having copper heatsinks attached to the
back surface of the piezoelectric stack: air backed material
specific transducer with a heatsink directly bonded to the
back surface of the piezo electric element of the transducer
(top); state-of-the-art method of bonding a heat sink to the
piezo electric element of the transducer with acoustically
lossy thermally conductive material such as alumina filled
silicone foam (middle); and the ultrasonic transducer of FIG.
1a, having a heatsink directly bonded to the backing struc-
ture (bottom).

[0244] FIG. 21 shows the Log of the envelope of the
waveforms shown in FIG. 20.

[0245] FIG. 224 is a comparison of 10 MHz single ele-
ment transducers, pulse echo pulse response with a
lambda resonant piezoelectric element and a ~Vioth lambda
thick tungsten de-matching layer, illustrating the effect of
adding a single DLDB to the back of the de-matching layer.
FIG. 224 shows the Log envelope comparison of the wave-
forms of the 10 MHz single element transducers shown in
FIG. 22a.

[0246] FIG. 23a is a comparison of the effects of adding
a 3 mm thick copper heat sink directly to the back of the 10
MHz acoustic stacks from FIG. 22a, the DML backing
bonded directly to the 3 mm copper heatsink develops
multiple internal reflections which result in unwanted arti-
facts in imaging or inspection applications (top); and the
DLDB equipped stack experiences no measurable changes
when the heat sink is bonded directly to the surface of the
acoustic stack (bottom). FIG. 235 is a comparison of the Log
envelopes of the pulse echo waveforms of the 10 MHz
transducer shown in FIG. 23a.

[0247] FIG. 24 is a comparison of a pulse echo response
from a material specific 5§ MHz 1D array element 550 um by
5 mm with a PZT composite piezo element matched to
transmit into titanium with dual DLDB backing compared to
one with air backing. Minimal difference is seen between the
air backed transducer (top) and the DLDB equipped trans-
ducer (bottom) apart from a minor pulse length increase seen
in the DLDB equipped stack.

[0248] FIG. 25 is a comparison of the pulse echo response
of the transducer elements described in FIG. 24 with the
addition of a 6 mm copper heatsink directly bonded to the
back of the acoustic stacks (top). Significant internal rever-
beration artifacts are seen when the heat sink is bonded to
the back of the air backed transducer (bottom).

DETAILED DESCRIPTION

[0249] In the following description, similar features in the
drawings have been given similar reference numerals, and,
to not unduly encumber the figures, some elements may not
be indicated on some figures if they were already identified
in one or more preceding figures. It should also be under-
stood herein that the elements of the drawings are not
necessarily depicted to scale, since emphasis is placed upon
clearly illustrating the elements and structures of the present
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embodiments. The terms “a”, “an” and “one” are defined
herein to mean “at least one”, that is, these terms do not
exclude a plural number of elements, unless stated other-
wise. It should also be noted that terms such as “substan-
tially”, “generally” and “about”, that modify a value, con-
dition or characteristic of a feature of an exemplary
embodiment, should be understood to mean that the value,
condition or characteristic is defined within tolerances that
are acceptable for the proper operation of this exemplary
embodiment for its intended application.

[0250] In the present description, the terms “connected”,
“coupled”, and variants and derivatives thereof, refer to any
connection or coupling, either direct or indirect, between
two or more elements. The connection or coupling between
the elements may be acoustical, mechanical, physical, opti-
cal, operational, electrical, wireless, or a combination
thereof.

[0251] It will be appreciated that positional descriptors
indicating the position or orientation of one element with
respect to another element are used herein for ease and
clarity of description and should, unless otherwise indicated,
be taken in the context of the figures and should not be
considered limiting. It will be understood that spatially
relative terms (e.g., “outer” and “inner”, “outside” and
“inside”, “periphery” and “central”, “over” and “under”, and
“top” and “bottom”) are intended to encompass different
positions and orientations in use or operation of the present
embodiments, in addition to the positions and orientations
exemplified in the figures.

General Theoretical Context

[0252] A piezoelectric ultrasound transducer is generally
composed of a piezoelectric element having two opposing
faces. The piezoelectric element can be chosen to operate at
a desired frequency. An example of such an operation
includes the acoustics resonance of the piezoelectric ele-
ment. Piezoelectric acoustic transducers can include a plu-
rality of layers, which can be, for example and without being
limitative, stacked or overlaid. In addition to the piezoelec-
tric element(s), a piezoelectric acoustic transducer can
include at least one of: signal and ground electrode(s),
matching layer(s), acoustic backing(s), lens(es) and many
other layer(s) or structure(s) to improve their performance in
their intended application. Some transducers can be
designed to output acoustic energy (i.e., transmitters), while
others can detect impinging acoustic energy (i.e., receivers).
It is to be noted that some transducers can be optimized to
perform both functions (i.e., transceivers). Different tech-
niques may be implemented in the field of ultrasonic trans-
ducers to produce different types of piezoelectric ultrasonic
transducers.

[0253] In most cases, designing a piezoelectric transducer
is associated with numerous challenges, for instance the
optimization and/or the direction of acoustic energy to the
intended target, as well as the minimization of the acoustic
energy away from the intended target. For example, one may
consider the relatively simple case of a thin disc shaped
piezoelectric element, which when an appropriate frequency
voltage is applied across the piezoelectric disc, will tend to
produce equal acoustic waves from both the front and back
faces of the disc.

[0254] There exists a broad variety of techniques to refine
the characteristics of such a piezoelectric disc to enhance the
acoustic energy output from one face (the front face or distal
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face, for example), and diminish it from the other face (the
back face, or proximal face). One skilled in the art will know
that such a piezoelectric element is generally placed such
that each face is in contact with an electrically conductive
electrode. An example of electrically conductive electrode is
sputtered metal, which allows the piezoelectric element to be
connected to electronic systems and/or other appropriate
circuits. In the implementations wherein an RF voltage
signal is applied to the electrodes, the piezoelectric element
undergoes a mechanical perturbation. If the frequency of the
electric RF signal and the thickness of the one-dimensional
piezoelectric array match correct operation conditions, then
the piezoelectric element may be made to be mechanically
resonant at ultrasonic frequencies. One would note that such
a possibility depends on the characteristics of the piezoelec-
tric material.

[0255] Itis generally known in the art that backings can be
used in piezoelectric ultrasonic transducers. Examples of
backing includes, but are not limited to absorbing backings
having acoustic impedance much lower than the piezoelec-
tric layer, some having composite forms to dissipate and
absorb acoustic energy, de-matching layers having acoustic
impedance much higher than the piezoelectric layer and
thickness typically less than Y4 lambda designed to effi-
ciently reflect all energy to the output of the transducer while
allowing a tunable mass loading effect, as well as other
technologies such as air backing, and many other variations
including delay line backings and still others.

[0256] Many transducer backings are low acoustic imped-
ance absorbing backings and are designed to reflect the
majority of or at least a significant portion of the energy
toward the front (or, alternatively the “working face”) of the
transducer and absorb and dissipate the un-reflected energy
within the backing. Such absorbing backings generally have
a predetermined geometrical configuration, for instance the
backings can be sufficiently large and have a specific shape
to absorb enough acoustic energy and prevent unwanted
internal reflections from returning to the piezoelectric crys-
tal. These low acoustic impedance backings typically
require that the piezoelectric layer operate in Y2 lambda
resonant mode.

[0257] De-matching layers are another common backing
technology, designed to reflect the energy out the front of the
transducer, while providing a somewhat adjustable mass
load for tuning damping. The effect of adding a de-matching
layer generally requires the design of a %4 wave resonant
transducer. In some implementations, the de-matching lay-
ers can be operated to reflect close to 100 percent of the
energy, or at least a significant portion of the energy.
[0258] Another implementation includes air backed trans-
ducers, which can also reflect close to 100 percent of energy
out the front, or at least a signification portion thereof.
However, such transducers do not allow for mass loading or
damping but will work in the same mode as a light absorbing
backing, in that the piezoelectric will resonate at 12 lambda.
[0259] One limitation of most backing technologies,
amongst others, is that the back of the transducer is not
accessible for electrical connection without compromising
the acoustic signal and should generally be made off to the
side of in a minimal footprint to minimize acoustic artifacts
and/losses. A further limitation of existing technologies is
the difficulty in providing for efficient thermal cooling
solutions in direct contact with the piezoelectric elements of
the transducer. The aforementioned challenges are of
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increasing significance as modern relaxor-based polycrys-
talline and single crystal ferroelectrics become more and
more efficient at the expense of thermal robustness.

[0260] It is to be noted that 2-D array transducers can
make both cooling and electrical interconnection and acous-
tic backing considerations more challenging due to the lack
of access to the interior elements of a matrix transducer. As
a result, there exists a need to develop an acoustically
efficient backing that is electrically conductive, as it will be
herein described. There is also a need to develop an acous-
tically efficient backing technology that is thermally con-
ductive, as it will be herein described. There is also a need
to develop an acoustically and spatially efficient backing that
is capable of reflecting nearly all of the acoustic energy of
the piezoelectric transducer while leaving the proximal face
of the backing relatively free of acoustic energy making the
connection of electrical and or thermal devices possible
without disrupting the performance of the transducer, as it
will be herein described. There exists a need to develop a
thermally conductive and electrically conductive acousti-
cally efficient backing that can be connected to a 1-D or 2-D
array transducer providing electrical connectivity to each
element, cooling to each element, as it will be herein
described.

[0261] Backing structures for ultrasonic transducers
Broadly described, the present description relates to multi-
layered ultrasound transducer backing structures or similar
technologies. In some embodiments, the technology allows
reflecting a significant portion and, in some instances, vir-
tually all acoustic energy out the front of the transducer.
Additionally, the systems or devices made according to the
current technology are generally not affected by physical
contact at the back of the backing stack. The transducers that
will be herein presented are thermally electrically and acous-
tically relatively efficient as very little energy is absorbed in
backing layers.

[0262] In the context of the current disclosure, and as it
will be described in greater detail below, the backing struc-
ture may include one or more de-matching backings, each
including two layers. In this regard, each de-matching
backing will be referred to as a “dual layer de-matching
backing”, or simply “DLDB”. In some embodiments, a
DLDB pair can be used as the backing structure, i.e., the
ultrasonic transducer may include a first DLDB and a second
DLDB, each DLDB including two layers. In other embodi-
ments, two or more of DLDB pairs can be used as the
backing structure, for example and without being limitative,
to further acoustically isolate the back surface.

[0263] Of note, the layers forming the DLDB have elec-
trical, acoustical, thermal and mechanical properties, and
these properties may vary according to the targeted appli-
cation. For example, and without being limitative, the
DLDB may include layers that are electrically conductive
and thermally conductive, layers that are neither electrically
or thermally conductive, or any combinations thereof.
[0264] With reference to FIGS. 1 to 6, embodiments of an
ultrasonic transducer 100 will be described.

[0265] The ultrasonic transducer 100 generally includes a
piezoelectric material 102, a backing structure 108, a heat
sink 122, and one or more electrodes 126 (referred to as the
electrodes 126). While the embodiments of the ultrasonic
transducer that will be described throughout the description
will be described as including a piezoelectric material, one
skilled in the art would note that the ultrasonic transducers
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of the current disclosure may instead include any ferroelec-
tric materials, any single crystals or polycrystalline materi-
als, any electromechanical transduction materials, such
materials having one or more of the following properties:
ferroelectricity, pyroelectricity, piezoelectricity, electrostric-
tion and/other relevant properties. It will be noted that, in the
context of the present description, the expression “piezo-
electric material” may also refer to ferroelectric material,
pyroelectric material, relaxor material and electrostrictive
material, as it would be readily understood by one skilled in
the art.

[0266] The piezoelectric material 102 has a front surface
104 and a back surface 106. The piezoelectric material 102
is configured to be in acoustic communication with a sample
(not illustrated in the Figures). The piezoelectric material
102 has acoustic properties. For example, and without being
limitative, the acoustic properties may include an acoustic
impedance of about 27.5 MegaRayls.

[0267] In some embodiments, the piezoelectric material
102 may be a poled composite piezoelectric disc. The poled
composite piezoelectric disc may be in a 1 3 configuration.
[0268] In some embodiments, the piezoelectric material
102 may be a composite of PZT4 and may include pillars.
For example, and without being limitative, the pillars may
be 1000 um by 1000 um pillars separated by 200 um kerfs.
The kerfs may be cut at a pitch of about 1200 um. The kerfs
may be filled with a composite filler. In some embodiments,
the composite filler may be in a 0 3 configuration. The
composite filler may include particles of hafnium dioxide
doped into epoxy. A nonlimitative example of epoxy is
Epo-Tek® 301. In some embodiments, the piezoelectric
material 102 may have a thickness included in a range
extending from about 2.35 mm to about 2.45 mm

[0269] In some embodiments, the piezoelectric material
102 consists of a piezoelectric layer.

[0270] The backing structure 108 is positioned at the back
surface 106 of the piezoelectric material 102. The backing
structure 108 is configured to reflect acoustic energy towards
the front surface 104 of the piezoelectric material 102. In
some embodiments, the backing structure 108 is further
configured to reflect the acoustic energy in phase. In some
embodiments, the backing structure 108 is further config-
ured to spatially and temporally disperse unwanted acoustic
reverberations in the backing structure 108. The backing
structure 108 is thermally conductive and electrically con-
ductive. The backing structure 108 illustrated in FIGS. 1 to
6 includes a first dual layer de-matching backing 110 and
second dual layer de-matching backing 116.

[0271] The first dual layer de-matching backing 110
includes a first layer of graphite 112 and a layer made of
tungsten 114 in contact with the first layer of graphite 112.
In some embodiments, the first layer of graphite 112 has an
acoustic impedance of about 5.1 MegaRayls and has a
thickness included in a range extending from about 1.5 mm
to about 1.6 mm. In some embodiments, the layer of
tungsten 114 has an acoustic impedance of about 100
MegaRayls and a thickness included in a range extending
from about 2.6 mm to about 2.7 mm. One skilled in the art
would readily understand that the acoustic impedance and
the thickness of the first layer of graphite 112 and the layer
of tungsten 114 are dictated by the targeted application, and
so could be different from the examples listed above.
[0272] The second dual layer de-matching backing 116
contacts the first dual layer de-matching backing 110. The
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second dual layer de-matching backing 116 includes a
second layer of graphite 118 and a layer of copper 120 in
contact with the second layer of graphite 118. In some
embodiments, the second layer of graphite 118 has an
acoustic impedance of about 5.1 MegaRayls and a thickness
included in a range extending from about 1.5 mm to about
1.6 mm. In some embodiments, the layer of copper 120 has
an acoustic impedance of about 41.5 MegaRayls and has a
thickness included in a range extending from about 2.5 mm
to about 2.6 mm. One skilled in the art would readily
understand that the acoustic impedance and the thickness of
the second layer of graphite 118 and the layer of copper 120
are dictated by the targeted application, and so could be
different from the examples listed above.

[0273] The heat sink 122 is in thermal contact with the
backing structure 108. In some embodiments, the heat sink
122 includes at least one channel 124. Such a channel 124
is configured for receiving and circulating a heat transfer
fluid therein. The heat transfer fluid may be a liquid,
gaseous, or any mixtures thereof. In some embodiments, the
heat sink 122 is electrically insulated from the backing
structure 108.

[0274] The electrodes 126 are in electrical communication
with the piezoelectric material 102. In some embodiments,
the ultrasonic transducer 100 includes a control unit (not
illustrated in the Figures) electrically connected to at least
one of the piezoelectric material 102, the backing structure
108 and the electrodes 126. Such a control unit may be
useful to control the ultrasonic transducer 100. In some
embodiments, the electrodes 126 are electrically connected
to the piezoelectric material 102 through the backing struc-
ture 108.

[0275] The ultrasonic transducer 100 is operable at an
operational frequency. This operational frequency is related
to an operational wavelength Ao. In some embodiments, the
first layer of graphite 112, the layer made of tungsten 114 in
contact with the first layer of graphite 112, the second layer
of graphite 118 and the layer of copper 120 each have a
corresponding thickness of about Ao/4 thick or odd multiples
of ho/4. In some embodiments, the operational wavelength
may be about 530 kHz.

[0276] In one embodiment, the piezoelectric material 102
is configured to be half wave resonant at the operational
frequency.

[0277] In another embodiment, the ultrasonic transducer
100 includes a single de-matching layer 128 positioned
between the piezoelectric material 102 and the backing
structure 108. The single de-matching layer 128 is in acous-
tic communication with the piezoelectric material 102 and
the backing structure 108. The single de-matching layer 128
has a corresponding acoustic impedance relatively higher
than an acoustic impedance of the piezoelectric material
102. In this embodiment, the piezoelectric material 102 is
configured to be quarter wave resonant at the operational
frequency. The piezoelectric material 102 has a resonant
frequency, and this resonant frequency is related to a reso-
nant wavelength Ar. The single de-matching layer 128 has a
thickness of less than 2Ar/5 thick with respect to the resonant
frequency of the piezoelectric material 102. The single
de-matching layer 128 may have a thickness ranging
between about 2Ar/10 and about 2Ar/20. The single de-
matching layer 128 may be made, for example and without
being limitative, from tungsten. Other materials could be
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used for the single de-matching layer 128. In some embodi-
ments, the resonant wavelength may be about 530 kHz.
[0278] In some embodiments, the ultrasonic transducer
includes a thermally conductive structure 130 in contact
with the backing structure 108. In some embodiments, the
thermally conductive structure 130 is electrically insulated
from the backing structure 108. In some embodiments, the
thermally conductive structure 130 may be a layer made of
AIN or a layer made of beryllium oxide. In some embodi-
ments, the thermally conductive structure 130 may extend
on lateral portions of the backing structure 108. In some
embodiments, the thermally conductive structure 130
includes at least one electrically conductive via passing
through the thermally conductive structure 130.

[0279] In some embodiments, the ultrasonic transducer
100 includes a wear layer 132 having abrasion-resistant
properties. The wear layer 132 may be made, for example
and without being limitative, from titanium.

[0280] In some embodiments, the ultrasonic transducer
100 includes a thermally conductive layer 133 acoustically
matched with the piezoelectric material 102. As depicted in
FIG. 1d, the thermally conductive layer 133 may be pro-
vided between the piezoelectric material 102 and the wear
layer 132. Such a thermally conductive layer may be in
thermal contact with the heat sink 122 through a copper lid
135. Of note, the lid 135 could be made from any other
thermally conductive material.

[0281] In some embodiments, the ultrasonic transducer
100 has a diameter of about 50 mm.

Examples

[0282] Other embodiments of the ultrasonic transducer
having been insofar described will now be presented.
[0283] In some embodiments, the ultrasonic transducer
includes two stacked DLDBs stacked (Dual DLDB stack) on
a single element liquid cooled material specific transducer
designed to match titanium. One exemplary embodiment of
the DLDB designed to operate on a 680 kHz piezoelectric
transducer having a piezocomposite element of 27.5 Mega-
Rayls (MR) acoustic impedance includes a first DLDB
bonded to a second DLDB pair, the first DL.DB pair includes
a first layer of graphite having an acoustic impedance of
approximately 5.1 MR and a thickness of 1.03 mm, and a
second layer of tungsten metal having an acoustic imped-
ance of approximately 100 MR and a thickness of 1.53 mm,
the second DLDB pair includes of a first layer of graphite
having an acoustic impedance of approximately 5.1 (MR)
and a thickness of 0.905 mm, and a second layer of copper
metal having an acoustic impedance of approximately 41.5
MR and a thickness of 1.71 mm.

[0284] In some embodiments, one or two DLDBs on a
single element transducer having a high acoustic impedance
de-matching layer (DML) of less than %5 lambda and typi-
cally less than %4 lambda, interposed between the DLDB
stacks and the piezo eclement.

[0285] In some embodiments, the DLDB includes a first
backing layer and a second backing layer, each having a
distal face and a proximal face. The proximal face of the first
backing layer can be in acoustic contact with the distal face
of the second backing layer; the two layers together com-
prising the DLDB structure. The DLDB, in turn, can be
placed in acoustic contact with a piezoelectric element
having a distal and a proximal face, the distal face of the first
backing layer being in contact with the proximal face of the
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piezoelectric element. The first and second backing layers of
the DLDB can be designed to be about % lambda thickness
for the designed resonant frequency of the piezoelectric
element. The first backing layer can be made from a material
having a relatively lower acoustic impedance as compared to
the piezoelectric element. The second backing layer can be
made from a material having a relatively higher acoustic
impedance compared to the first backing layer.

[0286] In the embodiments wherein two or more DLDBs
are stacked, an improved or increased acoustic isolation
from electrical and thermal structures connected to the
transducer through the DLDB may be achieved.

[0287] Insome embodiments, in operation, the first face of
the first layer of the first DLDB reflects the majority of the
acoustic energy directed towards the backing of the trans-
ducer back out the working face of the transducer, while the
back face of the first layer also reflects most of the energy
that reaches it, doing so in phase. The layers of the DLDB
then begin to resonate with the remaining energy in the
backing, over the bandwidth of the transducer due to 4
wave layers and alternating sign of the reflection coefficients
due to the transition from low to high acoustic impedance in
the layers included in the DL.DB. The resonating layers then
release the energy in phase both forward and backwards
through the backing stack, over a relatively long period of
time and at a very low amplitude, effectively spreading
unwanted reflections out over time at an acceptably low
amplitude.

[0288] The embodiments of the DLDB having been
described may be effective on acoustic stacks having been
designed for %5 lambda resonant piezoelectric transducers
and an intended load that is greater than the acoustic
impedance of the light layer of the DLDB(s) and well
matched to the acoustic impedance of the piezoelectric layer.
Example of such structures can be found in PCT patent
application PCT/CA2019/051046, the content of which is
herein incorporated by reference.

[0289] The embodiments of the DLDB as described herein
can also be effective on acoustic stacks having been
designed for %5 lambda resonant piezoelectric transducers
and an intended load that is greater than the acoustic
impedance of the light layer of the DLDB. When the load is
comparable to or lower than the lower acoustic impedance
layer of the first DLDB layer, the transducer can include a
piezoelectric layer having higher acoustic impedance than
the load and one or more matching layers.

[0290] In some embodiments, the DLDB can be used with
a %4 lambda stack in conjunction with a de-matching layer.
In another example, the DLDB can be included with a high
acoustic impedance de-matching layer into a Y lambda
resonant piezoelectric transducer design, wherein the high
acoustic impedance de-matching layer is interposed between
the DLDB and the piezoelectric material with nearly no
restriction to the acoustic impedance of the load material.
This technique may be applied to material specific trans-
ducers, or transducers having matching layers or any other
practical load matching method.

[0291] A variation of the thickness of the DLDB layers
can be used to expand the bandwidth of the transducer and
to improve the reflectivity of the backing over a broader
frequency spectrum. Such a variation can be implemented
depending on the targeted application.

[0292] Due to the relatively high acoustic isolation
achieved by the DLDB and the possibility of making the
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layers thermally conductive, it is possible to directly apply
a heat sink to the proximal face of the DLDB, resulting in
a highly efficient removal of heat directly from the back of
the piezoelectric element without compromising the acous-
tic properties of the transducer.

[0293] Due to the relatively high acoustic isolation
achieved by the DLDB and the possibility of making the
layers electrically conductive, it is possible to make electri-
cal connection directly to the proximal face of the DLDB by,
for example, soldering, wire bonding, or using conductive
epoxy to attach a wire or other electrical circuit to the top
layer of the DLDB.

[0294] In some embodiments, it is further possible to dice
the DLDB into elements aligned with the piezoelectric
elements of a transducer array such as, for example, a 1-D
linear array, a 2-D matrix array, or other multi element
transducer arrays such that one can apply a printed circuit
board, or ASIC interposer, electrical connector, or other
electrical circuit directly to the proximal face of the DLDB,
making a highly efficient electrical connection to the trans-
ducer. This can be useful when the ultrasonic probe is a 2-D
multi-element array making the connection to a relatively
large number of elements possible in directly to the DLDB
corresponding to each element of the array without com-
promising the acoustic properties of the transducers. These
embodiments will be described in other sections of the
description.

[0295] Due to the backing being relatively low profile and
enabling direct electrical connection to the low profile
DLDB, the present technology can provide advantages in
terms of design when it comes to low-profile ultrasonic
probes. Examples of low-profile ultrasonic probes include
but are not limited to probes used for intracavity medical
probes, endoscopes, and NDT cylindrical transducers and
arrays.

[0296] In some embodiments, the DLDB has one or more
layers, each being made from a thermally conductive mate-
rial that is laterally electrically insulating and axially con-
ductive, thus resulting in an isotropic thermally conductive
and anisotropic electrically conductive layer. In one embodi-
ment, the high acoustic impedance layer is made from an
aluminum nitride (AIN) ceramic for example. The high
acoustic impedance layer has a plurality of electrically
conductive vias arranged to align with a multi-element array
element. The other layer of the DLDB can be separated into
laterally electrically and acoustically isolated elements,
aligned with the elements of the piezoelectric array by, for
example, dicing, etching, or machining or by other methods.
The combination of these two layers results in a backing that
provides electrical connectivity from each transducer ele-
ment to the proximal surface of the DLDB, lateral electrical
isolation from one element to every other element though
the entire DLDB and piezoelectric stack, and contiguous
and/or continuous lateral thermal conductivity over the
entire array of elements. One skilled in the art will under-
stand that heat sinking of the transducer can then be
achieved by removing heat from the perimeter of the AIN
layer through the use of some means of cooling technology,
for example, an air-to-air heat exchanger, or for example a
liquid cooling heat sink, while still enabling direct electrical
connection of the array to a PCB or interposer. It can be
readily seen by one skilled in the art that this approach can
be adapted to multiple DLDB stacked to increase acoustic
isolation and/or thermal conductivity. This use of electrically
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isolated thermally contiguous and/or continuous DLDBs in
1-D and especially 2-D transducer array allows direct cool-
ing of large arrays without compromising acoustic perfor-
mance and affording a relatively simple and cost-effective
means of electrical interconnection.

[0297] In some embodiments, the DL.DB may be liquid
cooled.
[0298] In some embodiments, there is provided a liquid

cooled DLDB equipped 680 kHz material specific trans-
ducer for use with titanium and other similar acoustic
impedance materials (such as zirconium). The transducer
may have a 50 mm diameter and a dual DLDB equipped
stack.

[0299] One would note that the transducer is an exemplary
embodiment of the technology and serves an illustrative
purpose only. Apart from what is being disclosed in the
current description, the transducer could include some other
elements known one skilled in the art.

[0300] In some embodiments, the transducer comprises a
2.4 mm thick 1 3 poled composite piezoelectric disc, the
thickness corresponding to about between 0.35 and 0.4
lambda in an unloaded free resonance condition, but oper-
ating in %2 lambda mode, having a positive electrode on the
proximal face and negative electrode on the distal face. As
one skilled in the art will understand, the thickness of the
piezoelectric disc is chosen to be thinner than %2 lambda to
compensate for the mass loading effect of the DLDB back-
ing and acoustic loads. The piezoelectric composite can be
made by dicing and filling poled PZT4 material having 200
um kerfs cut at a pitch of 1200 um leaving 1000 um by 1000
um pillars separated by 200 um kerfs. The kerfs can be, for
example and without being limitative, filled with a 0 3
composite filler of c.a. 5 um particles of hafnium dioxide
doped into Epotek® 301 epoxy, such that the acoustic
impedance of the composite kerf filler material ranges
between approximately 7 to 8 Mega Rayls (MR), and the
acoustic impedance of the overall piezocomposite layer is
closely matched to titanium being approximately 27.5 MR.
The negative face of the piezoelectric composite layer can
be bonded to the proximal face of a 6 mm thick disc of ZA-8
zinc-aluminum alloy, using, for example, a tungsten powder
loaded epoxy. The distal face of the ZA-8 disc, can then be
bonded to the proximal face of an alumina composite disc,
using a submicron particle hafnium oxide loaded Epotek 301
epoxy. The alumina composite disc can include pillars of
750 um by 750 um by 1400 um height, separated by kerfs
of 200 um, the kerfs being filled with the same hafnium
particle loaded epoxy used to make the piezoelectric com-
posite disc. The distal face of the alumina composite can be
bonded in turn to the proximal face of a 3 mm thick disc of
titanium, with a layer of submicron hafnium oxide loaded
Epotek 301 epoxy. Two sets of dual layer de-matching
backings (DLDB) are then bonded to the proximal face of
the piezoelectric disc using sub-micron tungsten powder
loaded epotek 301 epoxy as follows. The proximal face of
the piezoelectric composite disc is bonded to the distal face
of a 1030 um thick Poco DFP-1 graphite disc, having
acoustic impedance of 5.1 MR, 905 um corresponding to %4
lambda at 680 kHz, the centre frequency of the transducer.
The proximal face of the graphite disc is then bonded to the
distal face of'a 1530 um thick tungsten disc, having acoustic
impedance of 100 MR, the thickness of the tungsten disc
corresponding to %4 lambda at ~850 kHz, also slightly above
the center frequency of the transducer. The proximal face of
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the tungsten disc is then bonded to the proximal face of'a 905
um thick Poco DFP-1 graphite disc, having acoustic imped-
ance of 5.1 MR, the thickness corresponding to ¥4 lambda at
~800 kHz, slightly above the centre frequency of the trans-
ducer. The proximal face of the graphite disc is bonded to the
distal face of a 1710 um thick copper disc, having acoustic
impedance of 41.5 MR, the thickness corresponding to %
lambda at 680 kHz. The graphite disc, and tungsten disc,
constitute the first dual-layer de-matching backing stack,
and the graphite disc and copper disc constitute the second
DLDB stack. These two stacks work together to acoustically
isolate the piezoelectric composite disc from the thermal
cooling elements of the transducer, allowing the thermal
cooling solution to be directly bonded to the proximal face
of'the copper disc without substantially disrupting the acous-
tic performance of the transducer. In these embodiments, the
distal face of'a 1 mm thick highly thermally conductive AIN
disc is bonded to the proximal face of the copper disc, using
thermally conductive epoxy. The AIN disc is notched to
allow space for electrical connection to the copper disc to be
made with a soldered wire, or alternatively, a conductive
epoxy bonded wire. It should be noted that the entire DLDB
stack in this embodiment is both electrically and thermally
conductive, making electrical connection to the signal elec-
trode of the piezoelectric composite disc possible directly
through the DLDB stacks. In addition, it should be noted that
many materials exist that can be practically used in the
application of the disclosed technology beyond those being
explicitly described in this exemplary embodiment, some of
which are electrically conductive, thermally conductive, or
both, or neither thermally or electrically conductive. In this
exemplary embodiment, the DLDB layers are all both elec-
trically and thermally conductive. The proximal face of a
copper heat sink base is brazed or soldered to the distal edge
a heat-sink top, to form a hollow copper heat sink assembly,
the distal face of which is directly bonded to the proximal
face of the AIN disc, with thermally conductive but electri-
cally insulating epoxy. In the illustrated embodiments, the
proximal face of the hollow heat sink top is bonded with the
same thermally conductive epoxy to the distal face of an AIN
disc. The AIN disc has two clearance holes in it and a notch,
the holes allowing for the cooling tubes, to be affixed to the
integral barbed tubes of the heat sink top, and the notch
allowing a clearance path for the signal wire attached to the
copper DLDB layer. The proximal face of the AIN disc can
be bonded to the distal face of the copper heat spreader using
thermally conductive epoxy. The copper housing shell can
be press fit onto the perimeter of ZA-8 disc and bonded to
the complete acoustic and thermal stack using an electrically
insulating and thermally conductive epoxy. In some embodi-
ments, all the voids are filled with thermally conductive
electrically insulating epoxy, thus making the entire assem-
bly solid, apart from the hollow interior of the heatsink
assembly (i.e., heatsink top and heat sink bottom). Rubber
hoses, which can have, for example and without being
limitative, an inner diameter of %% of an inch, are fitted to the
top copper heatsink barbed hose bosses and fixed in place
with hose clamps. The transducer includes an electrical
contact, which can be embodied by a BNC RF electrical
connector, soldered to the copper lid. The centre conductor
of the BNC connector can further be soldered to the signal
wire thus electrically connecting the BNC signal conductor
to the positive signal electrode of the piezoelectric compos-
ite disc. The copper lid can, in some embodiments, be
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soldered or bonded with conductive epoxy to the proximal
lip of the copper shell, completing the electrical connection
from the ground of the BNC connector and the negative
electrode of the piezoelectric composite disc via the copper
shell and the ZA-8 disc. The transducer also includes an
electrically insulating plastic housing, bonded to the copper
lid and copper shell, at least partially covering the edge of
the alumina composite disc and resting on the surface of
titanium disc. The resulting transducer (i.e., the assembly of
the components which have been previously described) is
then connected to a liquid circulating air-to-liquid heat
exchanger and filled with a suitable cooling liquid. A non-
limitative example of cooling liquid is a 50% propylene
glycol/water mixture.

[0301] These embodiments can be used to provide direct
cooling to the signal electrode of the piezoelectric composite
disc, via the dual DLDB stacks, as well as indirect cooling
to the ground electrode of the piezocomposite disc, via the
copper shell and ZA-8 disc, allowing for the removal of
hundreds of Watts with coolant flow rates of about a few
liters per minute and a heat exchanger. More specifically, in
some embodiments, the ultrasonic transducer may include a
thermally conductive layer acoustically matched with the
piezoelectric material to allow such an indirect cooling.
Additionally, the design being herein described allows for
high bandwidth of over 90% one way (e.g., 6 dB bandwidth
for the exemplary transducer), and negligible reverberation
artifacts to be possible while directly cooling the piezoelec-
tric element with an efficient liquid filled metal heat sink.

[0302] In some embodiments, there is provided a stack of
piezoelectric layer and DLDB for liquid cooled transducers.
Five layers may be superimposed, but it would be readily
understood that that they could coextend along an entirety or
only a portion of their surface. The layer is a single element
V5 lambda piezoelectric composite layer matched to tita-
nium. The layer is a low acoustic impedance Y4 lambda
graphite layer of the first DLDB stack. The layer is a high
acoustic impedance %4 lambda tungsten layer of first DLDB
stack. The layer is a low acoustic impedance % lambda
graphite layer of second DLDB stack. The layer is a high
acoustic impedance %4 lambda copper layer of first DLDB
stack.

[0303] In some embodiments, the ultrasonic transducer
includes a titanium wear layer, an aluminum oxide (AIN)
composite electrical isolation layer, and a thermally, elec-
trically, and acoustically conductive layer. The layer can be,
for example and without being limitative, made of zinc or
zinc alloy, and be acoustically matched to titanium while
being a better thermal conductor. The transducer further
includes a single element 2 lambda piezoelectric composite
layer. The layer can be matched to titanium. The transducer
includes a first and second DLDB stacks, each including a
low acoustic impedance layer and a high acoustic impedance
layer. More particularly, the first DLDB stack includes a low
acoustic impedance %4 lambda graphite layer and a high
acoustic impedance Y4 lambda tungsten layer, and the sec-
ond DLDB stack includes a low acoustic impedance Y4
lambda graphite layer and a high acoustic impedance Y
lambda copper layer. The transducer according to this
embodiment further includes a thermally conductive elec-
trical insulation layer. The layer can be made of, for example
and without being limitative, aluminum nitride. The trans-
ducer also includes an electrically and thermally conductive
housing, as well as an electrically insulating plastic external
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housing. Other components of the transducers include, but
are not necessarily limited to an electrically insulating disc
with hose cutouts, which can be made from MN, a water
block heat exchanger base, a water block heat exchanger
top, a heat transfer layer with hose cutouts, which can be
made from copper, a copper housing lid, a BNC RF elec-
trical connector and liquid cooling hoses.

[0304] In some embodiments, there is provided an acous-
tic Stack with two DLDB stacks in place with a fully
electrically isolated liquid cooling heat exchanger in direct
thermal contact with the copper layer of the DLDB via an
AIN electrical insulating layer.

[0305] In some embodiments, there is provided a 10 MHz
piezoelectric single element traducer stack having a 0.12
lambda (62.5 um) thick tungsten de-matching layer inter-
posed between a dual layer de-matching backing stack
includes of a %4 lambda thick (70 um) low impedance
graphite layer and a ¥4 lambda thick (130 um) high imped-
ance tungsten layer. This includes a 10 MHz piezoelectric
stack having a 115 um thick 1 3 PZT composite stack, a 62.5
um thick tungsten de-matching layer and a dual layer
de-matching backing stack. The transducer according to this
embodiment includes a single element %4 lambda piezoelec-
tric composite layer, which can be matched to titanium. The
transducer also includes a 0.12 lambda de-matching layer,
which can be made from tungsten. The transducer also
includes one DLDB stack, which includes a low acoustic
impedance % lambda layer which can be made of graphite
and a high acoustic impedance %4 lambda layer which can be
made of tungsten.

[0306] In some embodiments, there is provided 10 MHz
piezocomposite transducer design. The acoustic stack may
include a piezoelectric composite disc, a tungsten de-match-
ing layer, and a dual de-matching backing stack includes a
graphite layer, and a tungsten layer. The piezo composite
disc, has acoustic impedance of approximately 25 MR,
thickness of 115 um, corresponding to approximately Y4
lambda, and has a positive pole and electrode on the
proximal face, and negative pole and electrode on the distal
face of the disc. The tungsten de-matching layer, is 62.5 um
thick, corresponding to approximately 0.12 lambda. The
graphite layer, of the DLDB is 70 um thick, corresponding
to % lambda at 10 MHz, and the tungsten layer, is 130 um
thick, also corresponding to Y4 lambda at 10 MHz. The
acoustic stack is bonded together using a low viscosity
epoxy, such as Cotronics 4461. Electrical connection is
made by loading a fraction of submicron tungsten powder
into the epoxy where required. One skilled in the art will
understand that for the purposes of matching the piezo
composite element to water Y4 wave matching layers may be
used. For the purposes of this exemplary embodiment, two
V4 wave matching layers are used, the first matching layer
bonded to the distal face of the piezo composite layer,
having acoustic impedance of ~10 MR, and the second
having acoustic impedance of ~3 MR. The results of simu-
lated testing of this stack with and without a copper heat sink
bonded to the proximal face of the high acoustic impedance
layer of the DLDB, are shown in FIGS. 224, 2254, 234, and
23b.

[0307] Different embodiments of an ultrasonic transducer
including a one-dimensional piezoelectric array will now be
described.
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Ultrasonic Transducers Including a One-Dimensional
Piezoelectric Array

[0308] Now turning to FIGS. 7 to 12, there is illustrated an
ultrasonic transducer array 200.

[0309] The ultrasonic transducer array 200 includes a
one-dimensional piezoelectric array 202 having a front
surface 204 and a back surface 206. The one-dimensional
piezoelectric array 202 is configured to be in acoustic
communication with a sample (not illustrated in the Fig-
ures). As illustrated, the array 202 includes a plurality of
piezoelectric regions 203 arrayed in one dimension.

[0310] The ultrasonic transducer array 200 also includes a
backing structure 208 positioned at the back surface 206 of
the one-dimensional piezoelectric array 202. The backing
structure 208 is configured to reflect acoustic energy towards
the front surface 204 of the one-dimensional piezoelectric
array 202. In some embodiments, the backing structure 208
is further configured to reflect the acoustic energy in phase.
In some embodiments, the backing structure 208 is further
configured to spatially and temporally disperse unwanted
acoustic reverberations in the backing structure 208. The
backing structure 208 includes a dual layer de-matching
backing 210. In some embodiments, the backing structure
208 is thermally conductive and electrically conductive. In
some embodiments, a top portion 209 of the backing struc-
ture 208 is made from an electrically insulating material. In
some embodiments, the top portion 209 of the backing
structure 208 includes a layer made from AIN traversed by
electrically conductive vias 236, each electrically conduc-
tive via 236 being aligned to a corresponding one of the
plurality of piezoelectric regions 203 arrayed in one dimen-
sion. In some embodiments, the layer made from AIN layer
has a front face, and the layer made from MN layer is
partially diced from the front face to enhance acoustic
separation of adjacent ones of the plurality of piezoelectric
regions 203 arrayed in one dimension.

[0311] The dual layer de-matching backing 210 includes a
low acoustic impedance layer 212 and a high acoustic
impedance layer 214. In some embodiments, the low imped-
ance layer 212 and the high acoustic impedance layer 214
form a first dual layer de-matching backing 210 and the
ultrasonic transducer includes a second dual layer de-match-
ing backing 216. The second dual layer de-matching backing
216 includes a second low acoustic impedance layer 218 and
a second high acoustic impedance layer 220.

[0312] The ultrasonic transducer 200 also includes a pre-
assembled electrical circuit 234. The pre-assembled electri-
cal circuit 234 is in electrical communication with the top
portion 209 of the backing structure 208, such that it is in
electrical communication with the piezoelectric material
202. In some embodiments, the pre-assembled electrical
circuit 234 includes at least one of: a printed circuit board,
an interposer, an integrated circuit and an application-
specific integrated circuit.

[0313] In some embodiments, the ultrasonic transducer
200 includes a heat sink similar to the one having been
previously described. The heat sink being in thermal contact
with the backing structure 208. In some embodiments, the
heat sink includes at least one channel Such a channel is
configured for receiving and circulating a heat transfer fluid
therein. The heat transfer fluid may be a liquid, gaseous, or
any mixtures thereof. In some embodiments, the heat sink is
electrically insulated from the backing structure 208.
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[0314] In some embodiments, the ultrasonic transducer
200 includes one or more electrodes electrically connected
to the one-dimensional piezoelectric array 202 through the
backing structure 208. The ultrasonic transducer 200 may
include a control unit electrically connected to at least one
of the one-dimensional piezoelectric array 202 and the
backing structure 208.

[0315] As illustrated, each piezoelectric region 203 is
separated one from another by gaps 238. The gaps 238 are
electrically insulating and preferably also acoustically insu-
lating. Similarly, in some embodiments, at least one of the
low acoustic impedance layer 210 and the high acoustic
impedance layer 212 may be diced into a first plurality of
elements 240, separated one from another by a first set of
gaps 242. Each one of the first set of gaps 242 being aligned
with a corresponding one of the gaps 238 separating the
piezoelectric regions 203. The first set of gaps 242 is
electrically insulating and preferably also acoustically insu-
lating. In some embodiments, at least one of the second low
acoustic impedance layer 218 and the second high acoustic
impedance layer 220 may be diced into a second plurality of
elements 244, separated one from another by a second set of
gaps 246. Each one the second set of gaps 246 is aligned
with a corresponding one of the gaps 238 separating the
piezoelectric regions 203. The second set of gaps 246 is
electrically insulating and preferably also acoustically insu-
lating. In some embodiments, the gaps 238, the first set of
gaps 242 and the second set of gaps 246 are thermally
conductive.

[0316] In some embodiments, the ultrasonic transducer
200 is operable at an operational frequency. This operational
frequency is related to an operational wavelength A,. The
low acoustic impedance layer 212, the high acoustic imped-
ance layer 214, the second low acoustic impedance layer 218
and the second high acoustic impedance layer 220 each have
a corresponding thickness of about A_/4 thick or odd mul-
tiples of A /4.

[0317] In one embodiment, the one-dimensional piezo-
electric array 202 is configured to be half wave resonant at
the operational frequency.

[0318] In another embodiment, the ultrasonic transducer
202 includes a single de-matching layer 228 positioned
between the one-dimensional piezoelectric array 202 and the
backing structure 208. The single de-matching layer 228 is
in acoustic communication with the one-dimensional piezo-
electric array and the matching backing structure 208. The
single de-matching layer 228 has a corresponding acoustic
impedance relatively higher than an acoustic impedance of
the one-dimensional piezoelectric array 202. The one-di-
mensional piezoelectric array 202 is configured to be quarter
wave resonant at the operational frequency. In some embodi-
ments, the one-dimensional piezoelectric array 202 has a
resonant frequency associated to a resonant wavelength A,
and the single de-matching layer 228 has a thickness of less
than 2A /5 thick with respect to the resonant frequency of the
one-dimensional piezoelectric array 202. In some embodi-
ments, the single de-matching layer 228 has a thickness
ranging between about A,/10 and about A,/20. In some
embodiments, the single de-matching layer 228 is made
from tungsten.

[0319] In some embodiments, the one-dimensional piezo-
electric array 202 includes pillars separated by kerfs. In
some embodiments, the kerfs are filled with a composite
filler. The composite filler may include particles of hafnium
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dioxide doped into epoxy. In some embodiments, the com-
posite filler may in a 0 3 configuration. In some embodi-
ments, the epoxy may be Epo-Tek® 301.

[0320] In some embodiments, the piezoelectric regions
203 consists of a piezoelectric layer.

[0321] In some embodiments, the ultrasonic transducer
200 includes a thermally conductive structure 230 in contact
with the backing structure 208. In some embodiments, the
thermally conductive structure 230 is electrically insulated
from the backing structure 208. In some embodiments, the
thermally conductive structure 230 is a layer made of AIN or
a layer made of beryllium oxide. In some embodiments, the
thermally conductive structure 230 extends on lateral por-
tions of the backing structure 208.

[0322] In some embodiments, the ultrasonic transducer
200 includes a wear layer 232 having abrasion-resistant
properties. In some embodiments, the wear layer 232 is
made from titanium.

[0323] In some embodiments, the ultrasonic transducer
200 has a diameter of about 50 mm.

Example

[0324] Other embodiments of an ultrasonic transducer
including a one-dimensional piezoelectric array will now be
presented.

[0325] In some embodiments, there is provided a 1-D
linear array having a single DLLDB backing layer fully diced
and electrically attached directly to a PCB, which allows for
a relatively easy electrical interconnection of the array, and
even a relatively direct application of an ASIC or high-
density connector directly to the stack.

[0326] In some embodiments, there is provided a 16
element 1-D linear array having a single DLDB backing
layer fully diced and electrically attached directly to a PCB.
As it has been previously mentioned, such a configured
allows for a relatively easy electrical interconnection of the
array, and even a relatively direct application of an ASIC or
high-density connector directly to the stack. The array may
include a protective wear layer. This layer could alterna-
tively be a lens or a matching layer, depending on the
application.

[0327] Piezoelectric elements, each being separated from
one another by a gap (or kerf) form the 1-D linear array. The
array also includes a low acoustic impedance Y4 lambda
layer, separated into elements with gaps between them, in
line with the arrayed piezoelectric elements. Over the low
acoustic impedance layer is provided a high acoustic imped-
ance Y4 lambda layer, which can be made of tungsten. The
high acoustic impedance layer is separated into elements
with gaps between them, in line with the arrayed piezoelec-
tric elements. The array is also provided with electrodes on
PCB surfaces, a PCB and a via in printed circuit board
connecting electrodes from one face to the opposite face.
[0328] In some embodiments, the clements and layers
forming the one-dimensional array or the two-dimensional
matric may be further separated into sub-elements to opti-
mise acoustic properties, as will be understood by one
skilled in the art. In some embodiments, the piezoelectric
layer may be sub diced. In still other embodiments, the
DLDB backing structure may be sub diced, and in still other
embodiments, some layers of some the DLDB may be sub
diced. It should be noted that these examples of arrayed
transducers serve an illustrative purpose only, and should
therefore not be considered limitative. More specifically, any
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methods of enhancing acoustic properties though sub dicing
and manipulating aspect ratio (e.g., by forming additional
gaps) may be performed on the ultrasonic transducers (or
components thereof) of the current disclosure. In addition,
the DLBD backing configuration may be applied to these
methods and techniques.

[0329] In some embodiments, there is provided a dual
DLDB 16 element linear array having a laterally thermally
continuous layer of the second (topmost) DLDB stack. The
thermally conductive layer is AIN or could be beryllium
oxide or another suitable thermally conductive electrically
insulating material and contains electrically conductive vias
to make connection to the elements of the transducer. This
allows the array to be cooled from the edges, and electrically
connected directly with a PCB for example. As one skilled
in the art will understand, this trade-off between cooling area
and the coverage of the PCB can be traded off depending on
space and design needs.

[0330] In some embodiments, there is provided a dual
DLDB 16 element linear array having a laterally thermally
continuous layer of the second (topmost) DLDB stack. This
array includes a protective wear layer. The layer could
alternatively be a lens, or matching layer or layers depending
on the application. The array also includes piezoelectric
elements, each being separated from each other by a gap (or
kerf) to form the 1-D linear array. The array includes a low
acoustic impedance %4 lambda layer, separated into elements
with gaps between them, in line with the arrayed piezoelec-
tric elements. and a high acoustic impedance Y4 lambda
layer, which can be made of tungsten. The layer is separated
into elements with gaps between them, in line with the
arrayed piezoelectric elements. The array includes another
low acoustic impedance Y4 lambda layer, separated into
elements with gaps between them, in line with the arrayed
piezoelectric element, and another high acoustic impedance
V4 lambda layer. The layer can be made from AIN and has
no gaps, meaning that the layer is continuous. The layer
provides lateral thermal conductivity along the array. Verti-
cal electrical conductivity is provided by vias in the AIN
layer. The vias in the AIN layer provide electrical commu-
nication between the vertically adjacent layers. The array
also includes electrodes on PCB surfaces, a printed circuit
board and a via printed in circuit board connecting elec-
trodes from one face to the opposite face.

[0331] Embodiments of an ultrasonic transducer including
a two-dimensional piezoelectric matrix will now be pre-
sented

Ultrasonic Transducers Including a Two-Dimensional
Piezoelectric Matrix

[0332] Now turning to FIGS. 14 to 16, there is illustrated
an ultrasonic transducer 300.

[0333] The ultrasonic transducer 300 includes a two-
dimensional piezoelectric matrix 302 having a front surface
304 and a back surface 306. The two-dimensional piezo-
electric matrix 302 is configured to be in acoustic commu-
nication with a sample (not illustrated in the Figures). One
skilled in the art would readily understand that while the
following paragraphs make explicit reference to a 2D
matrix, such a 2D structure may be embodied by an annular
array having circular gaps symmetrically located with
respect of the centre of the ultrasonic transducer. In fact, the
2D matrix could be embodied by any array shapes.
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[0334] The ultrasonic transducer 300 also includes a back-
ing structure 308 positioned at the back surface 306 of the
two-dimensional piezoelectric matrix 302. The backing
structure 308 is configured to reflect acoustic energy towards
the front surface 304 of the two-dimensional piezoelectric
matrix 302. In some embodiments, the backing structure 308
is further configured to reflect the acoustic energy in phase.
In some embodiments, the backing structure 308 is further
configured to spatially and temporally disperse unwanted
acoustic reverberations in the backing structure 308. The
backing structure 308 includes a dual layer de-matching
backing 310. In some embodiments, the backing structure
308 is thermally conductive and electrically conductive. In
some embodiments, atop portion 309 of the backing struc-
ture 308 is made from an electrically insulating material. In
some embodiments, the top portion 309 of the backing
structure 308 includes a layer made from AIN traversed by
electrically conductive vias 336, each electrically conduc-
tive via 336 being aligned to a corresponding one of the
plurality of piezoelectric regions 303. In some embodiments,
the layer made from AIN layer has a front face, and the layer
made from AIN layer is partially diced from the front face
to enhance acoustic separation of adjacent ones of the
plurality of piezoelectric regions 303.

[0335] The dual layer de-matching backing 310 includes a
low acoustic impedance layer 312 and a high acoustic
impedance layer 314. In some embodiments, the low imped-
ance layer 312 and the high acoustic impedance layer 314
form a first dual layer de-matching backing 310 and the
ultrasonic transducer includes a second dual layer de-match-
ing backing 316. The second dual layer de-matching backing
316 includes a second low acoustic impedance layer 318 and
a second high acoustic impedance layer 320.

[0336] The ultrasonic transducer 300 also includes a pre-
assembled electrical circuit 334. The pre-assembled electri-
cal circuit 334 is in electrical communication with the top
portion 309 of the backing structure 308, such that it is in
electrical communication with the piezoelectric material
302. In some embodiments, the pre-assembled electrical
circuit 334 includes at least one of: a printed circuit board,
an interposer, an integrated circuit and an application-
specific integrated circuit.

[0337] In some embodiments, the ultrasonic transducer
300 includes a heat sink similar to the one having been
previously described. The heat sink should be in thermal
contact with the backing structure 308. In some embodi-
ments, the heat sink includes at least one channel Such a
channel is configured for receiving and circulating a heat
transfer fluid therein. The heat transfer fluid may be a liquid,
gaseous, or any mixtures thereof. In some embodiments, the
heat sink is electrically insulated from the backing structure
308.

[0338] In some embodiments, the ultrasonic transducer
300 includes one or more electrode electrically connected to
the two-dimensional piezoelectric matrix 302 through the
backing structure 308. The ultrasonic transducer 300 may
include a control unit electrically connected to at least one
of the two-dimensional piezoelectric matrix 302 and the
backing structure 308.

[0339] As illustrated, each piezoelectric region 303 is
separated one from another by gaps 338. The gaps 338 is
electrically insulating and acoustically insulating. Similarly,
in some embodiments, at least one of the low acoustic
impedance layer 310 and the high acoustic impedance layer
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312 may be diced into a first plurality of elements 340,
separated one from another by a first set of gaps 342. Each
one of the first set of gaps 342 being aligned with a
corresponding one of the gaps 338 separating the piezoelec-
tric regions 303. The first set of gaps 342 is electrically
insulating and acoustically insulating. In some embodi-
ments, at least one of the second low acoustic impedance
layer 318 and the second high acoustic impedance layer 320
may be diced into a second plurality of elements 344,
separated one from another by a second set of gaps 346.
Each one the second set of gaps 346 is aligned with a
corresponding one of the gaps 338 separating the piezoelec-
tric regions 303. The second set of gaps 346 is electrically
insulating and acoustically insulating. In some embodi-
ments, the gaps 338, the first set of gaps 342 and the second
set of gaps 346 are thermally conductive.

[0340] In some embodiments, the ultrasonic transducer
300 is operable at an operational frequency. This operational
frequency is related to an operational wavelength A,. The
low acoustic impedance layer 312, the high acoustic imped-
ance layer 314, the second low acoustic impedance layer 318
and the second high acoustic impedance layer 320 each have
a corresponding thickness of about A /4 thick or odd mul-
tiples of A /4.

[0341] In one embodiment, the two-dimensional piezo-
electric matrix 302 is configured to be half wave resonant at
the operational frequency.

[0342] In another embodiment, the ultrasonic transducer
300 includes a single de-matching layer 328 positioned
between the two-dimensional piezoelectric matrix 302 and
the backing structure 308. The single de-matching layer 328
is in acoustic communication with the two-dimensional
piezoelectric matrix and the matching backing structure 308.
The single de-matching layer 328 may have gaps aligned
with the gaps formed in the piezoelectric matrix 302. The
single de-matching layer 328 may be electrically conduc-
tive. The single de-matching layer 328 has a corresponding
acoustic impedance relatively higher than an acoustic
impedance of the two-dimensional piezoelectric matrix 302.
The two-dimensional piezoelectric matrix 302 is configured
to be quarter wave resonant at the operational frequency. In
some embodiments, the two-dimensional piezoelectric
matrix 302 has a resonant frequency associated to a resonant
wavelength A, and the single de-matching layer 328 has a
thickness of less than 2A /5 thick with respect to the resonant
frequency of the two-dimensional piezoelectric matrix 302.
In some embodiments, the single de-matching layer 328 has
a thickness ranging between about A.,/10 and about A,/20. In
some embodiments, the single de-matching layer 328 is
made from tungsten.

[0343] In some embodiments, the two-dimensional piezo-
electric matrix 302 includes pillars separated by kerfs. In
some embodiments, the kerfs are filled with a composite
filler. The composite filler may include particles of hafnium
dioxide doped into epoxy. In some embodiments, the com-
posite filler may in a 0 3 configuration. In some embodi-
ments, the epoxy may be Epo-Tek® 301.

[0344] In some embodiments, the piezoelectric regions
303 consists of a piezoelectric layer.

[0345] In some embodiments, the ultrasonic transducer
300 includes a thermally conductive structure 330 in contact
with the backing structure 308. In some embodiments, the
thermally conductive structure 330 is electrically insulated
from the backing structure 308. In some embodiments, the
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thermally conductive structure 330 is a layer made of AIN or
a layer made of beryllium oxide. In some embodiments, the
thermally conductive structure 330 extends on lateral por-
tions of the backing structure 308.

[0346] In some embodiments, the ultrasonic transducer
300 includes a wear layer 332 having abrasion-resistant
properties. In some embodiments, the wear layer 332 is
made from titanium.

[0347] In some embodiments, the ultrasonic transducer
300 has a diameter of about 50 mm.

Examples

[0348] Other embodiments of an ultrasonic transducer
including a two-dimensional piezoelectric matrix will now
be presented.

[0349] In some embodiments, there is provided a 2-D
matrix transducer having two DLDB stacks, the top layer of
the second stack comprising a continuous thermally con-
ductive layer of AIN having electrically conducive vias,
corresponding to a 2D version of the 1D transducer previ-
ously described.

[0350] In some embodiments, there is provided a dual
DLDB 16x16 element matrix array having a laterally ther-
mally continuous layer of the second (topmost) DLDB
stack. The matrix transducer includes a protective wear
layer, which could be alternatively replaced by a lens, or a
matching layer, or other acoustic structure depending on the
application spanning the full area of the 2D transducer array.
The matrix transducer includes piezoelectric elements sepa-
rated from each other by a gap (or kerf) in two axes to form
the 2-D linear array or matrix array. The matrix transducer
includes a low acoustic impedance %4 lambda layer, sepa-
rated into elements with gaps between them in two axes, in
line with the arrayed piezoelectric elements, and a high
acoustic impedance Y4 lambda layer, which can be made
from tungsten. The layer can be separated into elements with
gaps between them in two axes, in line with the arrayed
piezoelectric elements. The layers and define a first DLDB
stack. The matrix transducer also includes a second DLDB
stack. The second DLDB stack includes a low acoustic
impedance % lambda layer, separated into elements with
gaps between them in two axes, in line with the arrayed
piezoelectric elements, and a high acoustic impedance Y4
lambda layer. The layer is generally continuous and is made
from MN. In this context, the expression “continuous” refers
to the fact that the stack has no gaps and provides lateral
thermal conductivity along both axes of the array. Vertical
electrical conductivity is provided by electrically conductive
vias in the MN layer. This layer is particularly useful in
maintaining equal temperature in the interior of the 2D array
with respect to the edge elements.

Low and High Acoustic Impedance Layers for Ultrasonic
Transducers

[0351] Now turning to FIG. 17, there is shown an ultra-
sonic transducer 400. The ultrasonic transducer 400 includes
a piezoelectric material 402 having a front surface 404 and
a back surface 406. The piezoelectric material 402 is con-
figured to be in acoustic communication with a sample (not
illustrated in FIG. 17). The ultrasonic transducer includes a
backing structure 408 positioned at the back surface 406 of
the piezoelectric material 402 and configured to reflect
acoustic energy towards the front surface 404 of the piezo-
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electric material 402. The backing structure 408 including a
first dual layer de-matching backing 410 and a second dual
layer de-matching backing 416.

[0352] The first dual layer de-matching backing 410
includes a first low acoustic impedance layer 412 and a first
high acoustic impedance layer 414. The second dual layer
de-matching backing 416 is connected to the first dual layer
de-matching backing 410. The second dual layer de-match-
ing backing 416 includes a second low acoustic impedance
layer 418 and a second high acoustic impedance layer 420.

[0353] It will be noted that the ultrasonic transducer 400
may include one or more of the optional features having
been described with respect to the ultrasonic transducer 100,
ultrasonic transducer 200 and ultrasonic transducer 300.

[0354] Now turning to FIG. 18, there is shown an ultra-
sonic transducer 500 having a sample-contacting portion
504 and a back portion 506. The back portion 506 is opposed
to the sample contacting portion 504. The ultrasonic trans-
ducer 500 includes a piezoelectric material 502 configured
to be in acoustic communication with a sample (not illus-
trated in FIG. 18). The ultrasonic transducer 500 includes a
backing structure 508 in acoustic communication with the
piezoelectric material 502. The backing structure 508 is
configured to reflect acoustic energy towards the sample-
contacting portion 504 and away from the back portion 506
of the ultrasonic transducer 500. The backing structure 508
includes a low acoustic impedance layer 512 and a high
acoustic impedance layer 514. In some embodiments, the
low acoustic impedance layer 512 and the high acoustic
impedance layer 514 form a first dual layer de-matching
backing 510 and the ultrasonic transducer includes a second
dual layer de-matching backing 516. The second dual layer
de-matching backing 516 includes a second low acoustic
impedance layer 518 and a second high acoustic impedance
layer 520.

[0355] In some embodiments, the piezoelectric material
502 is diced into a plurality of piezoelectric regions, sepa-
rated one from another by gaps, the gaps being electrically
insulating and acoustically insulating. At least one of the low
acoustic impedance layer 510 and the high acoustic imped-
ance layer 512 may be diced into a first plurality of elements,
separated one from another by a first set of gaps. Each one
of the first set of gaps may be aligned with a corresponding
one of the gaps separating the piezoelectric regions. The first
set of gaps is electrically insulating and acoustically insu-
lating. Similarly, at least one of the second low acoustic
impedance layer 518 and the second high acoustic imped-
ance layer 520 is diced into a second plurality of elements,
separated one from another by a second set of gaps. Each
one of the second set of gaps is aligned with a corresponding
one of the gaps separating the piezoelectric regions. The
second set of gaps is electrically insulating and acoustically
insulating.

[0356] It will be noted that the ultrasonic transducer 500
may include one or more of the optional features having
been described with respect to the ultrasonic transducer 100,
ultrasonic transducer 200, ultrasonic transducer 300 and
ultrasonic transducer 400.

[0357] Now that different embodiments of an ultrasonic
transducer have been described, the performances of some
of these embodiments will be discussed, and more specifi-
cally in terms of the results that may be obtained using the
ultrasonic transducers which have been herein described.
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Examples of Results

[0358] FIG. 19A is a comparison of existing air-backed
material specific transducer (above) transmitting into Tita-
nium at 680 kHz with no heat sink (see PCT/CA2019/
051046, the content of which is herein incorporated by
reference) and a dual DLDB material specific transducer as
disclosed herein, operating at the same conditions. Typical
slight reduction in bandwidth due to the additional in-phase
reflections produced by the DLDB can be seen, with a
reduction from 105% -6 dB bandwidth for the air backed
transducer to 91% for the DLDB version, and a modest drop
in efficiency of ~1 dB compared to the state-of-the-art air
backing design.

[0359] FIG. 195 is a comparison of the logarithm of the
envelope of the existing air-backed material specific trans-
ducer transmitting into titanium (top) and the current tech-
nology (bottom), exemplified in the dual DL.DB having been
described, transmitting into titanium. One skilled in the art
will note the exponential decay of reflected energy from the
backing spread out over time in the DLDB. The energy in
the tail of the transmitted wave is approximately 40 dB
higher than for the air backed case. While this is not
desirable on its own, it is however desirable when consid-
ering the case when attaching a heatsink to the back of the
stack as it has been previously presented.

[0360] FIG. 20 is a comparison of three 680 kHz material
specific transducers having copper heatsinks attached to the
back surface of the piezoelectric stack: an air backed mate-
rial specific transducer with a heatsink directly bonded to the
back surface of the piezoelectric element of the transducer
(top); one existing method of bonding a heat sink to the
piezoelectric element of the transducer with acoustically
lossy thermally conductive material such as alumina filled
silicone foam (middle); and material specific transducer
having dual DLDB stacks and heatsink directly bonded to
top layer of the DLDB stacks (bottom). As it can be seen, the
dual DLDB equipped design does not suffer from the
internal reflections seen in the typical state of the art
transducers when a thermal heat sink is applied to the stack.
In addition, due to the acoustic energy lost to the heat sink
in the first two graphs, the top transducer output is reduced
by 4 dB, and the middle design is reduced by ~3 dB, while
the dual DLDB equipped transducer does not experience any
loss in sensitivity or bandwidth. It is to be noted that in the
existing approach of using a thermally conductive but acous-
tically lossy layer to bond or couple the heat sink to the
piezoelectric stack, a relatively significant compromise on
both acoustic performance and thermal conductivity is gen-
erally required to get a useful device, while the thermal
conductivity of the DLDB equipped design is more than an
order of magnitude higher than that of the middle transducer
design while also exhibiting no reverberation artifacts.
[0361] FIG. 21 is an illustration of the log scale of the
envelope of the waveforms shown in FIG. 20. It is to be
noted that there is substantial reduction in unwanted rever-
beration within the DLDB equipped transducer (bottom)
when a heat sink is applied to the back of the stack. Also note
that the SNR for the DLDB equipped stack (bottom) is still
over 35 dB, while the SNR for the existing stacks (top and
middle) are less than 3 dB, and are essentially, unusable.
[0362] FIG. 22a is a comparison of 10 MHz single ele-
ment transducers, pulse echo (two way) pulse response with
a Y4 lambda resonant piezoelectric element and an about
1110th lambda thick tungsten de-matching layer backing
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(DML.) comparison of the effect of adding a single DLDB
backing to the back of the DML. It is to be noted that there
is almost no change to the performance of the transducer.
More particularly, the insertion loss differs by less than 0.5
dB and the bandwidth is similar.

[0363] FIG. 22b is the logarithm of the envelope compari-
son of the waveforms of the 10 MHz single element trans-
ducers shown in FIG. 22a. It is to be noted that the effect of
the DLDB to redistribute the reflected energy from the
backing at a low level and spread out over time. This effect
is flat when seen in pulse echo (two way) signals. The SNR
for the DLDB stack (bottom) is limited to about 47 dB
compared to over 70 dB for the existing DML stack (top),
while at least 60 dB SNR is often required for medical
imaging applications, with image processing this may be
acceptable for even demanding medical imaging applica-
tions. For therapeutic medical applications, as well as NDT
and other industrial applications, the DLDB equipped stack
will generally be acceptable. It is to be noted that the length
of the ringing tail is improved by the DLDB equipped stack.

[0364] FIG. 23a is a comparison of the effects of adding
a 3 mm thick copper heat sink directly to the back of the 10
MHz acoustic stacks from FIG. 22a: the DML backing
bonded directly to the 3 mm copper heatsink develops
multiple internal reflections which result in unwanted arti-
facts in imaging or inspection applications (top) and the
DLDB equipped stack experiences no measurable changes
when the heat sink is bonded directly to the surface of the
acoustic stack (bottom).

[0365] FIG. 23b is a comparison of the log envelopes of
the pulse echo waveforms of the 10 MHz transducer shown
in FIG. 23a. It is to be noted that the addition of the copper
heatsink to the back of the DML equipped existing trans-
ducer (top) renders it essentially unusable for most applica-
tions, with SNR of less than 3 dB, while the transducer
equipped with the present technology exhibits over 50 dB of
SNR when a copper heat sink or similar device, such as a
PCB is directly bonded to the proximal layer of the DLDB
stack.

[0366] FIG. 24 is a comparison of a pulse echo response
from a material specific 5 MHz 1D array element 550 um by
5 mm with a PZT composite piezoelectric element matched
to transmit into titanium with dual DLLDB backing compared
to one with air backing. Minimal difference is seen between
the air backed transducer (top) and the DLDB equipped
transducer (bottom), apart from a minor pulse length
increase seen in the DLLDB equipped stack.

[0367] FIG. 25 is a comparison of the pulse echo response
of the transducer elements described in FIG. 24 with the
addition of a 6 mm copper heatsink directly bonded to the
back of the acoustic stacks. It is to be noted the significant
internal reverberation artifacts seen when the heat sink is
bonded to the back of the air backed transducer (top), while
the DLDB equipped acoustic stack is unaffected by the
addition of the heat sink (bottom). More particularly, the
bottom figure corresponds to the one-dimensional piezoelec-
tric array having been described. It is to be noted that
soldering wires, bonding or soldering PCBs or ceramic
interpores to the back of the DLDB elements also results in
no deterioration of the quality of the acoustic performance of
the transducer elements, paving the way to relatively sim-
plified array transducer designs.
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Additional Theoretical Considerations

[0368] Now that different embodiments of the technology
and performances have been described, further theoretical
details will now be presented. As has been previously
mentioned, the backing structure can include one or more
dual layer de-matching backing (DLDB) stacks, and each
DLDB includes two layers, which can be for example and
without being limitative, in direct acoustic communication.
In some implementations, the layers can be adhesively
bonded together. Each layer of a DLDB stack can be both
between about Yio™ lambda and 2 lambda thick, and in
some embodiments about %4 lambda thick. In some embodi-
ments, the ultrasonic transducer includes two DLDB stacks,
i.e., four layers, including the graphite disc, the tungsten
disc, the graphite disc, and the copper disc. These four layers
define the two pairs of dual layer de-matching backings
(DLDB) working in conjunction to reflect a significant
portion or virtually nearly all the acoustic energy emitted in
the proximal direction from the piezoelectric composite disc
resulting in virtually all of the acoustic energy emitted by the
piezoelectric composite disc being transmitted out the distal
face of the titanium disc. In these embodiments, the titanium
disc acts as an outer wear layer and the main point of
ultrasonic coupling to the intended titanium load into which
the transducer will transmit. It should be noted however, that
transducers equipped with DLDB stacks can also function
with any number of output configurations know or not yet
known in the art, such as lenses, matching layers, delay
lines, and the like. Acoustic pressure reflections generated at
the interface of materials having differing acoustic imped-
ance are calculated according to the reflection coefficient R
given by the following equation:

-7 (9]
- Zr+ 7

[0369] While transmitted pressure from one material to the
other is calculated from the Transmission coefficient T,
according the following:

27 @)
T L+7

[0370] Where Z, is the acoustic impedance of the medium
from which the acoustic wave is travelling and Z, is the
acoustic impedance of the medium into which the acoustic
wave is travelling. Based on these equations, one skilled in
the art will understand that the sign of the reflection coef-
ficient will be positive when acoustic waves are travelling
from a low impedance to a high acoustic impedance, and
negative when the acoustic wave is travelling from high to
low acoustic impedance mediums. The transmission coeffi-
cient is always positive. The arrangement of layers in the
DLDB effectively ensures the reflection of almost all of the
acoustic energy, in phase, towards the distal face of the
titanium wear layer within the first layer of the DLDB.
Furthermore, the presence of alternating, highly acoustically
mis-matched 4 wave layers of the DLDB results in each
layer resonating and redistributing the acoustic energy that
enters that layer at very low amplitude over a very long
timeframe. The result is to spread the unwanted backing
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reflections over time at a low amplitude. The initial reflec-
tion occurring between the piezoelectric element and the
first low acoustic impedance layer of the DLDB, or between
the back of a DML, and the first low acoustic impedance
layer of the DLLDB, has a significant impact on the overall
efficiency of the transducer. Care is generally taken to
maximize the acoustic impedance mismatch between the
piezoelectric element and the first low acoustic impedance
layer of the DLDB in the case of a 2 wave resonant
transducer. This effect is less severe when using a DML
equipped Y4 lambda transducer design, but still impacts the
overall performance of the DLDB.

[0371] Using material such as graphite or silver-plated
hollow glass spheres, or low density conductive epoxy, or
for example a composite of graphite and epoxy, or a com-
posite of a low acoustic impedance metal such as magne-
sium and epoxy as the first layer of the DLDB allows for
both thermal and electrical conductivity to be maintained
throughout the DLDB stack while maintaining a high initial
reflection coefficient between the piezoelectric element and
the first layer of the DLDB. Using the exemplary materials
listed above, acoustic impedance in the range of 1.5 to 6 MR
are readily obtained, along with varying degrees of electrical
and thermal conductivity as required. It is not necessary
however, nor should it be taken as limiting of the scope of
the present description, that the layers of the DLDB be made
from electrically or thermally conducting material. There
may be applications when some or all of the layers of one or
more DLDB stack are desirable to be made from thermally
insulating or electrically insulating materials. One example
of a non-conductive DLDB stack is an approximately %
wave thick layer of Rexolite (cross linked polystyrene)
bonded to ~¥4 wave thick layer of alumina. In addition,
layers of a DLDB stack could be made from hybrid mate-
rials, such as AIN with electrically conductive vias. The
subsequent second layer of the DLDB, should be chosen to
maximize the acoustic impedance mismatch between itself,
and the low acoustic impedance layer. Materials such as
tungsten metal, molybdenum metal, tungsten carbide, and
other high acoustic impedance materials offer a good com-
bination of high acoustic impedance, good thermal conduc-
tivity, and good electrical conductivity. It should be noted
that many other materials exist which can be tailored to
specific applications and still fall within the scope of this the
present technology.

[0372] The effect of the DLDB stack can be explained
through the following simplified reasoning. A first step is to
consider the function in an infinitely narrow bandwidth at
the centre frequency of the transducer. A second step is to
consider each layer to be exactly Y4 lambda at the centre
frequency. One skilled in the art would readily understand
that this is not the case in the actual device, which is
relatively broadband each layer of each DLDB having been
optimized to extend the effective bandwidth of the device.
However, for the purpose of making the overall function of
the DLDB stacks clear, the narrowband case is considered
and detailed so as to treat all DLDB layers to be Y4 of the
wavelength of the centre frequency. The effect of stacking V4
wave layers of highly contrasting acoustic impedances adja-
cent to the piezoelectric composite layer in the case of %4
lambda resonant piezoelectric designs, or adjacent to the
de-matching layer in the case of %4 lambda resonant piezo-
electric designs, is to create a series of strongly resonant
layers that are also highly acoustically isolated from each
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other due to the high (e.g., preferably over 80%) reflection
coeflicient at each boundary. An explanation of the effect of
the backing is more easily affected by way of an example,
and with reference to FIG. 13. Using the embodiments of the
acoustic stack having been herein disclosed, one can see that
acoustic wave going from the piezoelectric layer into the
first graphite layer first undergoes a 180-degree phase
change (negative reflection coefficient) and 69% reflection
back into the piezoelectric layer, the remaining 31% of the
acoustic wave is transmitted into the graphite layer. Once
into the graphite layer, the acoustic wave reverberates within
the graphite layer such that it is in phase every trip across the
layer, the layer being %4 wave resonant. The wave experi-
ences 90% reflection at the boundary to the tungsten layer,
and 69% reflection at the boundary to the piezoelectric layer.
One skilled in the art will see that the reverberating acoustic
wave within the graphite layer is in phase when being
reflected back into the piezoelectric layer, only after an odd
number of reflections from the proximal wall of the graphite
layer, first, 3%, 5" reflections and so on. One will also note
that the acoustic wave within the graphite layer is out of
phase after an even number of reflections from the proximal
wall of the graphite layer, second, 47, 67 reflections and so
on. One will also note that the acoustic pressure wave
transmitted from the graphite layer into the adjacent tung-
sten layer is in phase after an even number of reflections
from the distal wall of the graphite layer, such that the 0%,
second, 4”, . . . reflections will travel into the tungsten layer,
experiencing constructive interference within the tungsten
layer, but the first, 3% 5% reflections will experience
destructive interference within the tungsten layer. A first
order approximation of the combined effect of each DLDB
is to spread the energy of each acoustic pulse over time, each
reverberation decaying exponentially in amplitude. The
result is a very low level exponentially decaying acoustic
“tail” added to the impulse response of the transducer as
shown clearly in FIGS. 194 and 196. While it is generally
undesirable to add a decaying ring down to the impulse
response of an ultrasonic transducer, the DLDB compen-
sates for this negative effect in two ways. Firstly, the ring
down is very low level, typically -35 dB in one-way
applications, and -50 dB in two-way cases. Secondly, the
impulse response of the DLDB equipped transducer is
generally unaffected by the addition of desirable devices
such as heat sinks and electrical connections to the trans-
ducer stack. It may be noted by one skilled in the art that the
impulse response of the transducer, which is equipped with
a directly bonded heat sink or PCB or other similar structure
in substantial acoustic communication with the backing or a
portion of the proximal face of the piezoelectric material or
the proximal face of the de-matching layer of the transducer
is typically improved by interposing the DLDB stack ther-
ebetween by between about =20 dB and -30 dB, due to the
efficient in phase reflectivity of the first layer of the DLDB.
Similarly, the energy travelling to the back of the DLDB
stack is transmitted via the resonant layers, also spread out
over time and diminished in amplitude, so that the amplitude
of waves reaching the proximal face of the DLDB pairs are
very small and spread out over time. Thus, heat sinks, PCBs
and/or the like may be bonded or otherwise adjacent and in
contact to the proximal face of the final DLDB stack with
little or no effect to the acoustic performance of the stack. If
FIG. 13 were adapted to present a wideband case, in-phase
reflections going to the front of the ultrasonic transducer
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could be observed, since out-of-phase reflections would
happen at other frequencies. Of note, the out-of-phase
reflections would interfere in a random, and often destruc-
tive, manner with each other. As such, the out-of-phase
reflections would therefore be of less significance than the
in-phase reflections that occur at the designed operating
frequency.

[0373] The effect of the spreading of acoustic energy in
time within the DLDB layers can be seen clearly when
observing the log of the envelope of the 680 kHz liquid
cooled transducer, shown in FIGS. 195 and 21.

[0374] The effect of this highly effective isolation in a
relatively small space is to enable the direct connection of
heat sinks, PCBs, soldered wires, ASICS and other desirable
structures to the acoustic stack of a transducer. One skilled
in the art will appreciate the benefit of being able to
electrically connect, for example by soldering, a PCB
directly to the acoustic stack of an array, for example an
imaging array making electrical interconnection via an off
the shelf high density electrical connector pre-soldered to
the PCB. Furthermore, one skilled in the art will appreciate
the relative ease with which an ASIC could be directly
applied to a 1 or 2D array without compromising the
acoustic performance by using an anisotropic conductive
tape for example.

[0375] The embodiments of the technology which have
been herein described are associated with some advantages
that will now be presented. In general, the motivation for
using the DLDB instead of an existing low acoustic imped-
ance absorbing backing or a simple DML layer is to enable
the direct connection of electrical components, heat sinks, or
other desirable structures to the acoustic stack in a minimum
of space (and/or a limited space). In addition, the DLDB
may make assembly of transducers possible in more space
confined applications, such as, for example and without
being limitative, catheter-based transducers due to the small
space required by the DLDB.

[0376] In the embodiments wherein the DLDB pair
include graphite and tungsten, up to 97% of the acoustic
energy can be reflected in phase back out the front of the
transducer before it reaches the back wall of the tungsten
layer. When the transducer includes a second pair of DLDB
layers, it can reduce the acoustic pressure reaching the back
of the second tungsten layer by over 70 dB, and any
reflections or reverberations generated at that surface due to
a PCB or heatsink is further reduced as it travels back
through the DLDB stacks. The practical result is good and,
in some instances, nearly complete acoustic isolation of
electrical interconnection and/or heatsinks from the acoustic
stack, even when the second DLDB utilizes a lower acoustic
impedance second layer such as copper or aluminum nitride
for electrical or thermal properties.

[0377] It has to be noted that high and low acoustic
impedance layers of the DLDB can be made from solid
materials, or can be made from electrically conductive
acoustic composites such as diced graphite, sputtered after
dicing and filled with epoxy to form a highly electrically and
thermally conductive layer having acoustic impedance of
between about 2.5 MR and about 4 MR, or silver plated
micro balloons mixed into epoxy for example, and without
being limitative.

[0378] The electrical properties of the backing can be
useful in that an electrically conductive backing allows
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direct attachment of PCBs, ASICs or soldered or wired joints
with now detrimental effect to the acoustic performance of
the device.

[0379] The thermal properties of the backing can also be
useful, in that the thermally conductive backing materials
used in the DLDB allow highly efficient heat sinking of the
piezoelectric element which is increasing critical with the
development of advanced relaxor materials such as PMN-PT
and related materials.

[0380] It is to be noted that, from a theoretical standpoint,
there is generally no limit to the frequency range over which
the DLDB backing will work. From a practical point of
view, it can be used from at least 10 kHz, or 100 kHz in some
circumstances, and perhaps to as high as 50 MHz or 100
MHz with sufficient process control.

[0381] Several alternative embodiments and examples
have been described and illustrated herein. The embodi-
ments described above are intended to be exemplary only. A
person skilled in the art would appreciate the features of the
individual embodiments, and the possible combinations and
variations of the components. A person skilled in the art
would further appreciate that any of the embodiments could
be provided in any combination with the other embodiments
disclosed herein. The present examples and embodiments,
therefore, are to be considered in all respects as illustrative
and non-restrictive. Accordingly, while specific embodi-
ments have been illustrated and described, numerous modi-
fications come to mind without significantly departing from
the scope defined in the current description.

1-192. (canceled)

193. An ultrasonic transducer, comprising:

a piezoelectric material having a front surface and a back
surface, the piezoelectric material being configured to
be in acoustic communication with a sample;

a backing structure positioned at the back surface of the
piezoelectric material and configured to reflect acoustic
energy towards the front surface of the piezoelectric
material, the backing structure being thermally conduc-
tive and electrically conductive, the backing structure
comprising:

a first dual layer de-matching backing, the first dual
layer de-matching backing comprising:

a first layer of graphite; and
a layer made of tungsten in contact with the first
layer of graphite;

a second dual layer de-matching backing contacting the
first dual layer de-matching backing, the second dual
layer de-matching backing comprising:

a second layer of graphite; and
a layer of copper in contact with the second layer of
graphite;

a heat sink in thermal contact with the backing structure;
and one or more electrodes in electrical communication
with the piezoelectric material.

194. The ultrasonic transducer of claim 193, wherein the
heat sink comprises at least one channel, the channel being
configured for receiving and circulating a heat transfer fluid
therein.

195. The ultrasonic transducer of claim 193, wherein:

the ultrasonic transducer is operable at an operational
frequency, the operational frequency being related to an
operational wavelength (A,); and

the first layer of graphite, the layer made of tungsten in
contact with the first layer of graphite, the second layer
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of graphite and the layer of copper each have a corre-

sponding thickness of about A /4 thick or odd multiples

of A /4.

196. The ultrasonic transducer of claim 195, wherein the
piezoelectric material is configured to be half wave resonant
at the operational frequency.

197. The ultrasonic transducer of claim 195, further
comprising a single de-matching layer positioned between
the piezoelectric material and the backing structure, the
single de-matching layer being in acoustic communication
with the piezoelectric material and the backing structure, the
single de-matching layer having a corresponding acoustic
impedance relatively higher than an acoustic impedance of
the piezoelectric material, wherein the piezoelectric material
is configured to be quarter wave resonant at the operational
frequency .

198. The ultrasonic transducer of claim 197, wherein the
piezoelectric material has a resonant frequency, the resonant
frequency being related to a resonant wavelength A,, the
single de-matching layer having a thickness of less than
2A,/5 thick with respect to the resonant frequency of the
piezoelectric material.

199. The ultrasonic transducer of claim 198, wherein the
single de-matching layer has a thickness ranging between
about A./10 and about A /20.

200. The ultrasonic transducer of claim 193, wherein the
piezoelectric material is a poled composite piezoelectric
disc.

201. The ultrasonic transducer of claim 193, further
comprising a thermally conductive structure in contact with
the backing structure.

202. The ultrasonic transducer of claim 201, wherein the
thermally conductive structure comprises at least one elec-
trically conductive via passing through the thermally con-
ductive structure.

203. The ultrasonic transducer of claim 193, wherein the
backing structure is further configured to reflect the acoustic
energy in phase and/or to spatially and temporally disperse
unwanted acoustic reverberations in the backing structure.

204. An ultrasonic transducer, comprising:

a piezoelectric material having a front surface and a back
surface, the piezoelectric material being configured to
be in acoustic communication with a sample; and

a backing structure positioned at the back surface of the
piezoelectric material and configured to reflect acoustic
energy towards the front surface of the piezoelectric
material, the backing structure comprising:

a first dual layer de-matching backing, the first dual
layer de-matching backing comprising a first low
acoustic impedance layer and a first high acoustic
impedance layer; and

a second dual layer de-matching backing connected to the
first dual layer de-matching backing, the second dual
layer de-matching backing comprising a second low
acoustic impedance layer and a second high acoustic
impedance layer.

205. The ultrasonic transducer of claim 204, wherein:

the ultrasonic transducer is operable at an operational
frequency, the operational frequency being related to an
operational wavelength (A,); and

the first low acoustic impedance layer, the first high
acoustic impedance layer, the second low acoustic
impedance layer and the second high acoustic imped-
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ance layer each have a corresponding thickness of
about A /4 thick or odd multiples of A /4.

206. The ultrasonic transducer of claim 205, wherein the
piezoelectric material is configured to be half wave resonant
at the operational frequency.

207. The ultrasonic transducer of claim 205, further
comprising a single de-matching layer positioned between
the piezoelectric material and the backing structure, the
single de-matching layer being in acoustic communication
with the piezoelectric material and the backing structure, the
single de-matching layer having a corresponding acoustic
impedance relatively higher than an acoustic impedance of
the piezoelectric material, wherein the piezoelectric material
is configured to be quarter wave resonant at the operational
frequency .

208. The ultrasonic transducer of claim 205, wherein the
backing structure is further configured to reflect the acoustic
energy in phase and/or to spatially and temporally disperse
unwanted acoustic reverberations in the backing structure.

209. An ultrasonic transducer having a sample-contacting
portion and a back portion, the back portion being opposed
to the sample contacting portion, comprising:

a material configured to be in acoustic communication

with a sample; and

a backing structure in acoustic communication with the

piezoelectric material, the backing structure being con-
figured to reflect acoustic energy towards the sample-
contacting portion and away from the back portion of
the ultrasonic transducer, the backing structure com-
prising:

a low acoustic impedance layer; and

a high acoustic impedance layer.

210. The ultrasonic transducer of claim 209, wherein the
low acoustic impedance layer and the high acoustic imped-
ance layer form a first dual layer de-matching backing, the
ultrasonic transducer further comprising a second dual layer
de-matching backing, the second dual layer de-matching
backing comprising a second low acoustic impedance layer
and a second high acoustic impedance layer.

211. The ultrasonic transducer of claim 209 wherein:

the piezoelectric material is diced into a plurality of

piezoelectric regions, separated one from another by
gaps, the gaps being electrically insulating and acous-
tically insulating;
at least one of the low acoustic impedance layer and the
high acoustic impedance layer is diced into a first
plurality of elements, separated one from another by a
first set of gaps, each of the first set of gaps being
aligned with a corresponding one of the gaps separating
the piezoelectric regions, the first set of gaps being
electrically insulating and acoustically insulating; and

at least one of the second low acoustic impedance layer
and the second high acoustic impedance layer is diced
into a second plurality of elements, separated one from
another by a second set of gaps, each of the second set
of gaps being aligned with a corresponding one of the
gaps separating the piezoelectric regions, the second set
of gaps being electrically insulating and acoustically
insulating.

212. The ultrasonic transducer of claim 211, wherein the
gaps, the first set of gaps and the second set of gaps are
thermally conductive.
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