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Ultrasonic Transducers with Piezoeleciric Material Embedded in Backing

Context
[6081]  This section 1s intended 1o provide relevant contextual information to facilitate a
better understanding of the various aspects of the described embodiments. Accordingly, it
should be understood that these statements are to be read in this light and not as admissions
of prior art.
[80682]  Pieroelectric ulirasonic fransducers use a piezoelectric material {o convert between
electrical and mechanical energies. Voltage applied to the piezoelectric material causes the
piezoelectric material to oscillate at a particular frequency and produce a pressure wave. In
medical, pilfield, or other industries, the pressure wave may be directed toward a target {or
target area) and reflected from the target back toward the piezoelectric material. The
piezoelectric material can convert the received reflected pressure wave into an electrical
signal. For example, ulirasonic transducers may be capable of converting a pressure wave
nto an electric signal (mechanical to electrical) as a receiver and converting an applied
voltage into a pressure wave at a particular frequency {electrical to mechanical} as a
transmitter. Those having ordinary skill in the art would appreciate that fransducers may also
convert between other energy types including, electromagnetic, chemical, and thermal,
among others. Data acquired using ultrasonic fransducers may include electrical signals
indicative of pressure waves or other types of energy and may be analyzed to determine

certain properties of the target.

[8683]  FIG. 1 shows a schematic view of a pigvoelecinic ultrasonic transducer 100, As
shown, the ultrasonic transducer 100 includes a piezoelectric material 102, an epoxy 104, a
backing 106, and an encapsulating material 108, The piezoelectric material 102 is bonded to a

backing 106 using an epoxy 104,

[0004]  In a pulse-echo application, the transducer 100 may transmit one or more ultrasound
waves 110 in order to scan or detect one or more parameters of a target 112, The transducer
100 transimits the ultrasound wave 110 toward the target 112. Further, the target 112 reflects
the altrasound wave 110 as an echo 114 that may be received by the transducer 100. The
backing 106 may be used as a daroping material to lower the mechanical quality tactor of the
transducer 100 and may also be used to attenuate transmitted ulirasound waves 110 ot the
recetved echoes 114, In some cases, ring-down noise 116 propagating from the lower portion

of the backing 106 back to the prezoelectric material 102 may be generated in the transducer
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100 due to transnussion of the ultrasound wave 110 and/or reception of the echo 114, The
target 112 may be thick enough to generate a reflection 118 of the wave 110 propagating
fromo the back of the target 112 to armnive at the transducer 100 after the ring-down noise 116

dissipates.

[0085] FIG 2 shows a graph of a pulse-echo signal 201 produced by the transducer 100 in
response o receiving the echo 114, As shown, the amplitude (V) of the signal 201 produced
by the transducer 100 1s graphed as a function of time (us). The transducer 100 produces the
signal 201 in response to the echo 114 and is at least in part indicative of parameters of the
echo 114 and/or the target 112. As shown in the graph, the signal 201 demonstrates that the
echo 114 reflecting from the front surface of the target 112 1s domnant in the portion 203 of
the signal 201, while a tail echo 205, which can include the ring-down noise 116 generated
within the transducer 100, follows the echo 114. In some cases, the ring-down noise 116 can
be generated entively in the transducer 100 after receiving the echo 114 without including
interference from the reflection 118 traveling from the back of the target 112, In some
applications, only the time of arnival and amplitude of the echo 114 are of interest. As shown
in the graph, the time of arrival and amplitude may be obtained from the signal 201 where an
arrival time 207 1s about 145 mucroseconds and a peal amplitude 209 of the signal 207 1s
approximately 0.46V. These values of the signal 201 are at least in part indicative of the echo
114 traveling from the front surface of the target 112, but do not provide information about
the one or more characieristics or parameters inside the target 112

[0086] Parameters of the tail echo 205 may also be of interest. As used herein, the tail echo
205 refers to a portion of the signal 201 that can be indicative of a parameter of interest inside
the target 112, The tail echo 205 is indicative of the sound waves that went through the targst
112 and returned back to the transducer 100, For example, in some applications, estimation of
impedance behind a borehole casing or imaging behind a highly reflective layer (for example,
steel casing) in the target 112 may be of interest. In medical applications, tissue structures
bevond the first laver may be of interest. As another example, in an o1l and gas production
well, the cement bonding behind the steel casing may be evaluated.

{08877  Accordingly, not only the arrival time 207 and amplitude 209 of the portion 203 of
the signal 201 may be of interest, but also parameters of the tail echo 203 may be considered.
As the amplitude of ring-down noise 116 generated in the transducer 100 (e.g., due o
geometry and/or wave propagation within the transducer 200, among other reasons)

approaches or exceeds the amplitude of the tail echo 2035, reduction of transducer self-noise
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{i.e., noise caused by the transducer itself) may be beneficial for studying parameters of a
signal produced by the transducer 200 after the arrival time of the peak amplitude 209 of the
signal 201, Further, the transducer 100 mav exhibit self-noise during transmission of
ultrasound waves as well as during reception of ulirasound waves. In some cases, the self~
noise in the tail echo 205 may be due to transducer construction. By altering transducer

consiruction, the self-noise may be minimized.

Brief Description of the Drawings
[8088]  For a detailed description of the embodiments, reference will now be made 1o the

accompanying drawings in which:

{8089] FIG 1 shows schematic view of an ultrasonic transducer;

[8016]  FIG 2 shows a graph of a pulse-echo signal produced by the transducer of FIG. 1
{00117 FIGS. 3A and B show a schematic view of a backing with a cavity in accordance
with one or more embodiments;

[0012] FIG 4 shows a schematic view of a pieroelectric material embedded within a
backing in accordance with one or more embodiments;

[8613]  FIG. S shows a schematic view of a transducer 1n accordance with one or more
embodiments;

{14] FIG 6 shows a schematic view of a transducer in accordance with one or more
embodiments;

[8015]  FIG 7 shows a graph of a self-noise plot of a signal produced by an example
transducer i accordance with one or more embodiments;

[08016] FIG. 8 shows a graph of a self-noise plot of a signal produced by an example
transducer in accordance with one or more embodiments;

[8617]  FIG. 9A shows a graph of a signal produced by an example transducer in

accordance with one or more embodiments;

{00187 FI(G. 9B shows a graph of a signal produced by an example transducer in

accordance with one or more embodiments of the present disclosure;

{8019] FIG 10 shows a schematic view of a wire connection to a transducer in accordance

with one or more embodiments;
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[8020] FIG 11 shows a schematic view of a wire connection to a transducer in accordance

with one or more embodiments;

[6021]  FIG 12 shows schematic view of a dnilling environment in accordance with one or

more embodiments; and

[08022] FIG 13 shows a schematic view of a wireline logging environment in accordance

with one or more embodiments.

Detailed Description
[8623]  This disclosure provides a prezoelectric transducer with a reduced self-noise.
Specifically, this disclosure provides an ultrasonic transducer with a piezoelectric material
embedded in a cavity of a backing that reduces the self-noise to improve the analvsis or
imaging of atail echo.
[8024] FIGS. 3-6 show schematic views of a transducer 300 1n accordance with one or
more embodiments. As shown in FIG. 3A, a piezoelectric material 302 is embedded within a
backing 304. The pieroelectric material 302 can include a piezoelectric crystal and/or a
piezoelectric ceramic {e.g., lead zirconate titanate). The backing 304 can be any suitable
material with an impedance that dampens at least a portion of the self-noise and/or ring-down
noise generated by the piezoelectric material 304. The backing 304 may be adapted to adjust
the bandwidth of the piezoelectnic matenial 304. The backing 304 can include a material with
an impedance substantially simalar {e.g.. £5%) to the impedance of the piezoelectric material
302. Additionally, or alternatively, the backing 304 can include a tungsten rubber material,
which is tungsien {such as a tungsten powder) mixed in a rubber matrix. Due to the density of
tungsten, the tungsten rubber material can absorb some of the sound waves atftributable to
self-noise as well as increase the transmission and reception energy of the piezoelectric
maierial 302. In one or more embodiments, one-third to all of the height 308 of the
piezoelectric material 302 can be located in a cavity 303 {(or step) of the backing 304, In one
or more embodiments, the depth 306 of the cavity 303 is at least one-third to all of the height
308 of the piezoelectric material 302 or greater. In certain embodiments, the depth 306 of the
cavity 303 1s at least 33%, 50%, 75%, 100%, or greater than 100% of the height 308 of the
piezoelectric material 302, As shown in FIG. 3B, the cavity 303 may have a depth 306
greater than the height 308 with enough backing 304 behind the piezoelectric matenial 302 to

absorb sound waves attributable to self-noise.
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{08257  As shown in FIG. 4, the cavity 303 may include a bonding material or agent 310
disposed within the cavity 303 and between at least a part of the cavity 303 and at least a part
of the piezoelecinic material 302. For exaruple, the bonding material or agent 310 may
mclude an epoxy or adhesive suitable for the ultrasound applications of the piezoslectric
material 302. For medical applications, where the transducer 300 is used at room temperature,
some commercial epoxies or adhesives with bonding laver thickness less than 0.05 inches
may be used as the bonding material 310 for securing the piezoelectric material 302 to the
backing 304. In a borehole or other ol and gas well applications, where high temperature
{greater than 200 °F or 93 °C) may occur, epoxies rated for the corresponding temperaiure
may be used as the bonding material 310. In general, the electrical property of the bonding
material 310 is non-conductive, bui in some cases, the bonding material 310 may be
conductive. As a non-limiting example, the bonding material 310 may include DURALCO®
4703, a high temperature epoxy available from COTRONICS™ Corporation of Brooklyn,
New York. The piezoelectric material 302 and backing 304 may also be encapsulated by an
encapsulating material 312, as shown in FIG. 5. In one or more embodiments, the
encapsulating material 312 can include an insulating casting compound and/or epoxy, such as
INSULCAST™ 125 available from ITWS Engineered Polymers North America of
Montgomeryville, Pennsylvania. The encapsulating material 312 can be molded around the

piezoelectric material 302 and backing 304.

{626} In one or more embodiments, embedding the piezoelectric material 302 into the
backing 304 can reduce the mechanical quality factor of the transducer 300 Therefore, the
self-noise of the fransducer 300 may be reduced and/or the bandwidth of the transducer 300
in the frequency domain may increase. In addition, as shown in FIG. 6, ultrasonic reflections
314 propagating between the side of piezoelectric material 302 and the encapsulating material
312 may be attenuated by the backing 304 between the side of the pieroelectric material 302
and the encapsulating material 312. Thus, the backing 304 may be configured to aftenuate
ultrasound waves propagating between the piezoelectric material 302 and the encapsulating
material 312. Further, the increased bonding area between the piezoelectric material 302 and
the backing 304 may improve the overall robustness of the bonding material 310 at high
temperature (e.g., at feast about 200 °F or 93 °C) and/or high pressure (e.g., at least abowt
15,000 pst or 103 MPa), such as in a borehole or other o1l and gas well applications.

[0027] Referring now to FIGS. 7-9, graphs of pulse-echo signal plots of two transducers

100 and 300, each comprising the same piezoelectric matertal and backing material, are
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shown for comparison, in accordance with one or more embodiments. To obtain the plots in
FIGS. 7 and 8, each transducer 100 and 300 was immersed in water and excited by a 100V, 5
microsecond square wave pulse. Further, each transducer 100 and 300 was not placed near a
target or interface to produce a reflection or echo. Thus, the plots in FIGS. 7 and § represent
any seif-notse and/or ring-down noise propagating in the transducers 100 and 300. In FIG. 7,
a signal 701 1s shown produced by the transducer 100 including a pieroelecinic material
bonded 1o a top surface of a backing matenal. Tn FIG. 8, a signal 801 1s shown produced by
the transducer 300, in accordance with one or more embodiments, including a piezoelectric
material embedded in a backing material, as shown in FIGS. 3-6. As shown in FIG. 7, the
self-noise 703 afier about 80 microseconds is apparent, whereas, under similar test
conditions, the transducer 300 with the piezoelectric material 302 embedded in the backing

material 304 produced much less self-noise 803, especially after 80 microseconds.

[8628] FIGS. 9A-9B show graphs of pulse-echo signal plots produced by transducers 100
and 300 immersed in water at a distance of about 3 mches (7.62 cm) from a reflection
interface including a steel block having the dimensions of about 6 x 6 x 6 1nches

{1524 x 15.24 x 15.24 cmy), according to one or more embodiments. In FIG. 9A, the signal
901 15 produced by the transducer 100, while in FIG. 9B, the signal 911 1s produced by the
transducer 300. The signal portions 904 and 914 are indicative of the reflections received
from the reflecting interface by the respective tfransducers 100 and 300. The transmission
noise 903 and receiving noise 905 is much more apparent in the top-bonded design of
transducer 100 as shown in FIG. 9A, when compared to the transmission noise 913 and the
receiving noise 915 produced by the embedded design of the transducer 300, as shown in

FIG. 9B.

[6029]  FIGS. 10 and 11 depict schematic views of the wiring of the piezoelectric material
302 within the backing 304 of the transducer 300, in accordance with one or ruore
embodiments. In FIG 10, wires 316A, B may be connected to electrodes 318 that elecirically
engage the piezoelectric material 302, The wire 316B may run through the backing 304 away
from the piezoelectric material 302, The wires 316 can serve as electrical connections to the
electrodes 318 to energize or excite the piezoelectric material 302. In FIG. 11, the wire 3168
may be electrically connected to the piezoelectric material 302 via electrode 318 by running
the wire 316B through a side of the backing 304 and mto the encapsulating material 308, The

wires 316A, B may be directed out of the encapsulating material 308 and away from the
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piezoelectric material. In one or more embodiments, if the backing 304 includes a conductive

maierial, the wires 316A, B can connect directly io the backing 304,

{00307 FIG. 12 shows a schematic view of a logging-while-dnlling (LWD) and/or
measuring-while-drilling (MWD) environment in which a transducer 1226 in accordance
with one or more embodiments described in the present disclosure may be used. As shown, a
drilling platform 1202 is equipped with a derrick 1204 that supports a hoist 1206 for raising
and lowering a dnill string 1208, The hoist 1206 suspends a top drive 1210 that rotates the
drill string 1208 as the dnll string is lowered through the wellhead 1212. Sections of the dnill
string 1208 are connected by threaded connectors 1207, Connected {o the lower end of the
drill string 1208 is a dnill bit 1214, As the bit 1214 rotates, a borehole 1220 15 created that
intersects various subterranean earth formations 1221 withun a reservoir. A pump 1216
circulates drilling fluid through a supply pipe 1218 to the top drive 1210, through the interior
of the dnill string 1208, through orifices in the dnll bit 1214, back to the surface via the
annulus around the drill string 1208, and into a retention pit 1224. The drilling fluid
transports cuttings from the borehole into the pit 1224 and aids in maintaining the integrity of
the borehole 1220.

[6031] A downholetool 1240, e g, an LWD/MWD tool, is located on the dnll siring 1208
and may be near the dnill bit 1214, The downhole tool 1240 includes the transducer 1226 and
the telemetry module 1280, The transducer 1226 is in commumnication with the telemetry
module 1280 having a transmitter {e.g., acoustic telernetry transmitter) that transrts signals
n the form of acoustic vibrations in the tubing wall of the dnill string 1208, A receiver array
1230 may be coupled to tubing below the top drive 1210 to receive transnutted signals. One
or more repeater modules 1232 may be optionally provided along the diill string to receive
and retransmit the telemetry signals. Of course other telemetry techniques can be emploved
mcluding mud pulse telemetry, electromagnetic telemetry, and wired drill pipe telemetry.
Many telemetry techniques also offer the ability to transfer commands from the surface to the
downhole tool 1240, thereby enabling adjustment of the configuration and operating
parameters of the downhole tool 1240, In some embodiments, the telervetry module 1280
also or alternatively stores measurements for later retrieval when the downhole tool 1240
returns to the surface.

[06032] As the bit 1214 extends the borehole through the formations, the transducer 1226 may
transmit an ultrasound wave radially outward from the downhole tool 1240 and receive

echoes returning back from dritling fluid, casing

&0

or cement bonding in the borehole 1220, for
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example. The transducer 1226 may produce signals indicative of a downhole parameter {e.g ,
by transmitting and receiving wltrasound waves in a pulse-echo application as described
herein with respect to the transducer 300) in response to receiving ultrasound waves. The
downhole parameter may include the onentation and/or position of the downhole tool 1240,
borehole size; drilling fluid velocity and density; an acoustic velocity and impedance of at
least one of the casing, drilling fluid, cement bonding, and/or the earth formation; and various
other drilling conditions downhole. The signal produced by the transducer 1226 may be used
to estimate an acoustic impedance behind a borehole casing or produce an image of any other
highly reflective layer behind the borehole casing. As used herein, a highly reflective layer
can include any laver of material baving a different acoustic impedance than the dnilling
fluid. In some embodiments, the cement bonding behind the steel casing may also be
evaluated based on the signals produced by the transducer 1226.

[8633] FIG. 13 shows a schematic view of a wireline logging environment in which the
transducer 1226 in accordance with one or more embodiments described in the present
disclosure may be used. As shown, logging operations can be conducted using a wireling
logging string 1234, e.g., a wireline logging sonde, suspended by a cable 1242 that
communicates power to the logging string 1234 and telemetry signals between the logging
string 1234 and the surface. The logging string 1234 includes the downhole tool 1240, which
may collect ultrasound logging data with the transducer 1226 as described herein. For
example, the transducer 1226 may transmit an wlirasound wave radially outward from the
downhole tool 1240 and receive echoes returning back from drilling fluid, casing, or cement
bonding in the borehole 1220. The transducer 1226 may produce signals indicative of a
downhole parameter related to the dnlling fluid, casing, or cement bonding, such as an
acoustic velocity and/or impedance. The downhole tool 1240 may mclude a rotator 1225 for
rotating the transducer 1226 relative 1o the logging string 1234 and/or the downhole tool 1240
to collect the ultrasound signals in an azimuthal orientation in the borehole 1220, In one or
maore embodiments, the logging string 1234 moay rotate relative to the borehole 1220 to rotate
the transducer 1226 for collecting ultrasound signals in an azimuthal orientation.
Additionally, or alternatively, the transducer 1226 and the downhole tool 1240 may be
positioned on a distal end of the logging siring 1234,

{0034] The downhole tool 1240 may be coupled to other modules of the wireline logging
string 1234 by one or more adaptors 1233, A logging facility 1244 collects measurements
from the logging string 1234, and includes a computer system 1245 for processing and

storing the roeasurements gathered bv the sensors. Among other things, the computer svstem
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1245 may include a non-transitory commuer-readable medium (e.g., a hard-disk drive and/or
memory) capable of executing imstructions to perform such tasks. In addition to collecting
and processing measurements, the computer system 1245 mayv be capable of controlling the
logging string 1234 and downhole tool 1240. The logging facility 1244 may further include a
user interface (not shown) which displays the measurements, for example, a monitor or
printer. Thus, it should be appreciated that the transducer 1226 may be used in various
downhole applications, such as wireline, slickline, cotled tubing, MWD, or LWD
applications.

{6035]  In an ultrasonic scanning svstem, high signal to noise ratio {SNR) may be of
particular interest. The SNR 1s usually improved by optimizing electronics i the system, to
fower the electronics noise to the level of transducer self-noise. In some situations, the self-
noise of the transducer becomes the bottleneck of the technology. Therefore, embodiments
allow for an effective method and system to reduce the self-noise of an ultrasonic
plezoelectric transducer. Additionally, one or more embodiments of this disclosure provide
for an alternaiive way to construct a transducer by using the same materials, in the same form
factor, while reducing the self~noise of the transducer. Further, in one or more embodiments,
one or more matching piezoelectric materials may be bonded using the bonding material as
described herein to a top surface of the piezoeleciric material embedded in the bonding

material.

[8636]  In addition to the embodiments described above, many examples of specific

combinations are within the scope of the disclosure, some of which are detailed below:

Example 1. A system comprising:
an wlirasonic transducer compiising:
a backing; and

a prezoelectric material at least partially embedded in the backing.

Example 2: The system of example 1, further comprising an encapsulating material, wherein

the piezoelectric material and the backing is encapsulated within the encapsulating maternial.

Example 3: The system of example 1, further comprising a bonding material between the

piezoelectric material and the backing.

Example 4. The system of example 3, wherein the bonding material comprises an epoxy.
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Example 5: The system of example 3, wherein the bonding material comprises a thickness

{ess than 0.05 inches.

Example 6. The system of example 3, wherein the bonding material is configured to be

subjected (0 a lemperature greater than 200 °F (93 °C).

Exarmple 7: The system of example 1, wherein the backing comprises a cavity and the

piezoelectric material 1s located in the cavity.

Example 8: The system of example 7, wherein at least one-third to all of the height of the

piezoelectric material is located in the cavity.

Exarple 9: The system of exarople 1, further comprising a downhole tool including the

transducer.

Example 10: The system of example 2, wherein the backing material 15 configured to
attenuate sound waves propagating between the piezoeleciric material and the encapsulating

material.

Exarmple 11: A downhole tool locatable in a borehole intersecting a subterranean earth
formation, comprising:
an whrasonic transducer comprising:
a backing; and

a piezoelectric material at least partially embedded in the backing.
Example 12: The downhole tool of example 11, further comprising an encapsulating material,
wherein the piezoelectric material and the backing is encapsulated within the encapsulating

material.

Example 13: The downhole tool of exaraple 11, further coroprising a bonding material

between the piezoelectric material and the backing.

10



WO 2016/190993 PCT/US2016/028475

Example 14: The downhole tool of example 11, wherain the backing comprises a cavity, and

the piezoelectric material is located in the cavity.

Example 15: The downhole tool of exaraple 14, wherein at least one-third to all of the height

of the piezoelectric material 1s located in the cavity.

Exarple 16: The downhole tool of example 11, wherein the bonding matenial is configured

1o be subjected 1o a temperature greater than 200 °F (93 °C).

Example 17: The downhole tool of exaraple 12, wherein the backing matenial 1s contfigured to
attenuate sound waves propagating between the piezoelecinic material and the encapsulating

material.

Exarople 18: A method of determining a parameter using an wtrasonic transducer,
COMmprising:
embedding a piezoelectric material at least partially in a backing;
producing a signal in response to receiving an ultrasound wave with the piezoelectric
material, a self-noise of the transducer being reduced by the pieroelectric
material being at feast partially embedded in the backing; and

determaining the parameter using the signal.

Exarple 19: The method of example 18, wherein embedding the piezoelectric material

further comprises embedding the piezoelectric material in a cavity of the backing.

Example 20: The method of example 18, wherein embedding the piezoelectric material
further comprises embedding from one-third to all of the height of the piezoelectric material

in the backing.

Exampie 21: The method of example 18, wherein determining the parameter comprises
determining an acoustic impedance in a borehole iniersecting a subterranean earth formation.
[8037] This discussion is directed to various embodiments of the present disclosure. The
drawing figures are not necessarily to scale. Certain features of the embodiments may be
shown exaggerated in scale or in somewhat schematic form and some details of conventional

elements rmay not be shown in the interest of clarity and conciseness. Although one or more

11
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of these embodiments may be preferred, the embodiments disclosed should not be
interpreted, or otherwise used, as himiting the scope of the disclosure, including the claims. It
1s to be fully recognized that the different teachings of the embodiments discussed may be
emploved separately or in any suitable combination to produce desired results. In addition,
one skilled in the art will understand that the description has broad application, and the
discussion of any embodiment 1s meant only to be exemplary of that embodiment, and not
intended to suggest that the scope of the disclosure, including the clairus, 1s hmited to that

embodiment.

{6038] Certain terms are used throughowt the description and claims to refer to particular
features or components. As one skilled in the art will appreciate, different persons may refer
to the same feature or component by different names. This document does not intend to
distinguish between components or features that differ in name but not function, unless
specifically stated. In the discussion and i the claims, the terms “including” and
“comprising” are used in an open-ended fashion, and thus should be interpreted to mean
“including, but not hmited to... .7 Also, the term “couple” or “couples” is intended to mean
either an indirect or direct connection. In addition, the terms “axial” and “axially” generally
mean along or parallel to a central axis (e.g., central axis of a body or a port), while the terms
“radial” and “radiallv” generallv mean perpendicular to the central axis. The use of “top,”
“bottom,” “above,” “below.” and variations of these terms is made for convenience, but does

not require any particular orientation of the components.

[0039] Reference throughout this specification to “one embodiment,” “an embodiment,” or
stmilar language means that a particular feature, structure, or characteristic described in
connection with the embodiment may be included in at least one embodiment of the present
disclosure. Thus, appearances of the phrases “in one embodiment,” “in an embodiment,” and
simnilar language throughout this specification may, but do vot necessarily, all refer to the
same embodiment.

[8646]  Although the present invention has been described with respect to specific details, it
is not intended that such details should be regarded as limitations on the scope of the

mvention, except to the extent that they are included in the accompanying claims.

12
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Claims
What is claimed is:
1. A system coraprising:
an ultrasonic transducer comprising:
a backing: and

a pieroelectric matertal at least partially embedded in the backing,

2. The system of claim 1, further comprising an encapsulating material, wherein the

piezoelectric material and the backing 1s encapsulated within the encapsulating material.

3. The system of claim 1, further comprising a bonding material between the piezoelectric

material and the backing.

4. The system of claim 3, wherein the bonding matenial comprises an epoxy.

5. The system of ¢laim 3, wherein the bonding material comprises a thickness less than 0.05

mmches.

6. The system of claim 3, wherein the bonding material is configured to be subjected io a

temperature greater than 200 °F (93 °C).

7. The system of ¢claim 1, wherein the backing comprises a cavity and the pieroelectric

material is located in the cavity.

&. The system of claim 7, wherein at least one-third to all of the height of the piezoelactric

material is located in the cavity.

9. The system of claim 1, further comprising a downhole tool including the transducer.

10. The svstem of claim 2, wherein the backing matenal is configured to attenuate sound

waves propagating between the piezoelectric material and the encapsulating material.

11, A downhole tool locatable in a borehole mtersecting a sublerranean earth formation,

COMprising:

13
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an ultrasonic transducer comprising:
a backing; and

a piezoelectric material at least partially embedded in the backing.

12. The downhole tool of ¢laim 11, further comprising an encapsulating material, wherein the

piezoelectric material and the backing is encapsulated within the encapsulating material.

13. The downhole tool of claim 11, further comprising a bonding material between the

piezoelectric material and the backing.

14. The downhole tool of claim 11, wherein the backing comprises a cavity, and the

piezoelectric material is located in the cavity.

15, The downhole tool of claim 14, wherein at least one-third to all of the height of the

piezoelectric material is located in the cavity.

16. The downhole tool of claim 11, wherem the bonding material 13 configured 1o be

subjected to a temperature greater than 200 °F (93 °().

17. The downhole tool of claim 12, wherein the backing material is configured {o attenuate

sound waves propagating between the pierzoeleciric material and the encapsulating material.

18. A method of determining a parameter using an ulirasonic transducer, comprising:
embedding a piezoelectric material at least partially n a backing;
producing a signal in response to recetving an wirasound wave with the piezoelectric
material, a self-noise of the transducer being reduced by the pieroelectric
material being at least partially embedded in the backing; and

determining the parameter using the signal.

19. The method of claim 18, wherein embedding the plezoslectric matenial {urther comprises

embedding the piezoelectric material in a cavity of the backing.

20, The method of claim 18, wherein embedding the piezoelectric material further comprises

embedding from one-third to all of the height of the piezoelectric material 1n the backing,

14
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21. The method of claim 18, wherein determining the parameter comprises determining an

acoustic impedance n a borehole intersecting a subterranean earth formation.

15
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