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connectable to a higher voltage, covers a smaller area of
the piezoelectric layer compared to the second electrode,
connectable to a lower voltage or ground. The first elec-
trode has an increased material coverage in the central
region relative to the peripheral region of the piezoelectric
layer.

(57)  The invention pertains to a transducer and a
method of manufacturing thereof. The transducer is con-
figured to emit and/or receive acoustical signals. The
transducer includes a piezoelectric layer of homoge-
neous ceramic piezoelectric material sandwiched be-
tween a first and a second electrode. The first electrode,
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Description
FIELD OF THE INVENTION

[0001] Theinventionrelatesto atransducer configured
to emit and/or receive an acoustical signal, wherein the
transducer comprises a homogeneous ceramic piezo-
electric layer arranged between a first electrode and a
second electrode. Additionally, the invention relates to a
system comprising the transducer with said homoge-
neous ceramic piezoelectric layer. The invention also
relates to a method for making a transducer including
said homogeneous ceramic piezoelectric layer. Further-
more, the invention also relates to an ultrasound scanner,
and the use thereof.

BACKGROUND TO THE INVENTION

[0002] Acoustical transducers, and more particularly,
piezoelectric acoustic transducers, are widely utilized in
various applications, such as ultrasound imaging sys-
tems. In the piezoelectric acoustic transducers, piezo-
electric materials undergo deformation in response to an
applied voltage, resulting in the emission or reception of
acoustical signals.

[0003] One of the persistent challenges in the design
and application of homogeneous ceramic piezoelectric
transducers is achieving optimal performance under var-
ious conditions, such as extreme ambient pressures
and/or temperatures. A key factor influencing the perfor-
mance of these devices is the design and configuration of
the electrodes that interface with the piezoelectric layer.
The design of the piezoelectric transducer may lead to
detrimental beam shapes, which can result in more
noise, reduced signal strength, and/or decreased overall
performance. In various applications, there is a desire to
obtain a narrow constant-amplitude beam profile. This is
forexample relevantin applications where the transducer
must be housed within a confined space, such as in
slimline boreholes.

[0004] Traditional methods for reducing beam width
involve using specific layers or employing curved sur-
faces, such as concave or convex ones, to focus the
beam better. Another approach is to use a lens system.
However, these designs may not be suitable or too com-
plex for certain applications with size constraints.
[0005] Itiscommon inthe priorartthatbeam narrowing
is achieved through electronic control of linear array
transducers or phased array transducers. These trans-
ducers are created by dividing the transducer surface into
small areas, or array elements, and assigning each ele-
ment a distinct function. A smooth curve function can be
approximated due to the discrete reaction of the indivi-
dual array elements. Electronic control techniques are
applied to the design of the acoustic head. Again, the use
of array transducers can be too complex for certain
applications, or the transducer itself too fragile. When
the application requires a single element transducer,
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instead of an array transducer with multiple elements,
piezo composite materials form a possibly attractive
alternative to homogeneous ceramic piezoelectric mate-
rials.

[0006] The use of piezo composites has a number of
limitations and possibilities. On the one hand, like with the
array transducers, the employment of a piezo composite
allows for the attainment of a desired deflection through
the adjustment of electrode shape, utilization of multiple
electrodes, or alteration of polarity. Given the substantial
stiffness disparity between the matrix material, namely
epoxy, and the piezo material within the piezo composite,
the intended deflection of the piezo material remains
largely unaffected by the matrix material. This character-
istic facilitates the prediction of a piezo composite-based
design’s behavior and the formulation of a design con-
cept for a targeted performance. On the other hand, the
pronounced discrepancy in material properties between
the matrix material, specifically the epoxy, and the piezo
material, results in significant variation in the thermal
deflection coefficients of the two materials. This implies
that substantial temperature disparities cause immense
stress at the interfaces between the piezo material and
the matrix material, i.e., the epoxy. If the temperature
shifts are sufficiently large, it can induce plastic deforma-
tion, potentially leading to delamination and material fail-
ure. This rationale is also applicable in the context of
considerable pressure differences. Piezo composites
were initially conceived for the medical sector, which
typically experiences maximum temperature variances
of 5-10 degrees, thereby avoiding this issue. It is well-
understood within the NDT applications field that piezo
composites exhibit limited resistance to substantial tem-
perature/pressure changes.

[0007] A certain type of ultrasonic borehole scanners
optimized for operation in narrow pipes consist of the
following key parts, which jointly form the acoustic head:
an ultrasound transducer, an acoustic mirror and an
acoustic window. The transducer is configured to pro-
duce a sound beam that is aimed along the axis of the
borehole scanner/pipe. This orientation means that the
long axis of the transducer is parallel to the axis of the
borehole scanner, allowing for the smallest diameter
device possible. The acoustic mirror is arranged to reflect
the sound beam from an orientation parallel to the axis of
the borehole scanner/pipe to an orientation perpendicu-
lar to the axis of the borehole scanner/pipe. The acoustic
window is arranged to isolate the internals of the borehole
scanner from the surrounding borehole liquid in the pipe.
Typically the material choice and shape of the acoustic
window is optimized such to minimize its effect on the
sound beam. The broad beam produced by the ultra-
sound transducer (notably the ’edge waves’) in combina-
tion with the configuration of the acoustic mirror and
window design lead to a whole host of spurious reflec-
tions bouncing around in the acoustic head. These un-
desired reverberations pollute the desired pulse-echo
reflection from the pipe wall and in fact are the primary



3 EP 4 467 249 A1 4

limitation of the accuracy of the measurements which can
be performed using the borehole scanner. It is desired to
reduce acoustic reverberations and thus the induced
acoustic interference.

[0008] Therefore, there is a need for improved piezo-
electric transducer designs that address the challenges
and limitations associated with conventional designs.
There is a strong desire to improve the performance of
the transducer under the demanding conditions, for ex-
ample conditions typically encountered in downhole en-
vironments, for example in the context of inspecting small
diameter pipes under high temperature and pressure
differences

SUMMARY OF THE INVENTION

[0009] It is an object of the invention to provide for a
method and a system that obviates at least one of the
above mentioned drawbacks.

[0010] Additionally or alternatively, it is an object of the
invention to provide for an improved acoustic transducer
and method of manufacturing thereof.

[0011] Additionally or alternatively, it is an object of the
invention to improve the performance of the transducer.
[0012] Additionally or alternatively, it is an object of the
invention to reduce undesirable acoustic effects, such as
sidelobes and transverse modes of vibration

[0013] Thereto, the invention provides for a transducer
configured to emit or receive an acoustical signal, where-
in the transducer comprises a piezoelectric layer of
homogeneous ceramic piezoelectric material arranged
between a first electrode and a second electrode; where-
in the first electrode is connectable to a higher voltage
and the second electrode is connectable to a lower
voltage or ground, or vice versa; wherein a first area of
the piezoelectric layer covered by the first electrode is
smaller than a second area of the piezoelectric layer
covered by the second electrode; and wherein the first
electrode has an increased coverage of electrode mate-
rial in a central region of the piezoelectric layer relative to
a peripheral region of the piezoelectric layer.

[0014] The invention provides for a significantly im-
proved electrode configuration for the acoustic transdu-
cer. The transducer can effectively reduce undesirable
acoustic effects, such as sidelobes and/or transverse
modes of vibration. The design of the transducer serves
to enhance the overall performance of the downhole tool
by improving the quality and strength of the acoustic
signals generated or received by the transducer.

[0015] Theincreased coverage of electrode material in
the central region of the piezoelectric layer relative to the
peripheral region further improves the transducer’s per-
formance by promoting uniform stress distribution and
minimizing peripheral deformation. The piezoelectric
layer and/or the electrodes may have different shapes
and sizes to optimize the transducer’s performance.
[0016] The transducer according to the disclosure
does not employ piezo-composite materials. For piezo-
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composite transducers, the composite is filled with
epoxy, which has high sensitivity to temperature and
pressure, limiting its use in high-temperature and high-
pressure applications. In order to effectively avoid the
detrimental effects associated with the use of piezo-
composite materials, thereby limiting the applicability
of the transducer for various applications encountering
relatively large temperature and/or pressure differences,
the transducer according to the claimed invention is
provided with a homogeneous ceramic piezo material.
In the same line of reasoning, the disclosure also does
not employ array transducers.

[0017] Utilizing a homogeneous piezo material does
pose some technical challenges. This is due to the fact
that altering the electrode shape, such as reducing the
size of the hot electrode relative to the ground electrode,
does not result in the intended deflection. Owing to the
uniform stiffness of the piezo material, a significant re-
striction, or clamping, is imposed on the deflection by the
modified electrode. This creates a substantial discre-
pancy between the anticipated and actual deflections.
[0018] Furthermore, the deflection at the edge of the
piezo material, where the piezo layer is affixed to the
housing, will never completely terminate at zero. This
results in imperfect final apodization, leaving a step on
the edge which leads to higher than desired sidelobe
levels. This phenomenon can be attributed to the com-
bined factors of the piezo layer’s uniform stiffness, the
high stiffness of the piezo material, and the comparatively
low stiffness of the adhesive.

[0019] This observation is also relevant when smaller
electrodes are used in conjunction with poling. Due to the
disparity in the size of the hot and ground electrodes, the
electric field lines do not all vertically pass through the
piezo material. Consequently, the deflection profile thatis
actually achieved significantly diverges from the in-
tended deflection.

[0020] Such factors contribute to the complexity in
designing transducers that adhere to a particular beha-
vior, particularly the deflection resulting from an imposed
electrical excitation.

[0021] The invention obtains advantageous deflection
apodization in order to mitigate the generation of side-
lobes. The center of the piezoelectric element is allowed
to move, but the movement of the outer edge (cf. periph-
eral region) is reduced.

[0022] Optionally, a clamping unit is arranged which is
configured to provide a clamping action on at least a
portion of the peripheral region of the piezoelectric layer.
[0023] This clamping unit serves to control the me-
chanical deformation of the piezoelectric layer, reducing
the generation of sidelobes, reducing noise and/or in-
creasing signal strength.

[0024] More particularly, the arrangement of the trans-
ducer can result in the reduction of unwanted sidelobes
and -transverse modes of vibration, which increases the
magnitude of the usable acoustic output for a given
electrical input. This enhanced performance is achieved
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through the innovative clamping unit, which includes a
clamping electrode arranged in the peripheral region of
the piezoelectric layer. By precisely controlling the clamp-
ing forces on the piezoelectric layer, the clamping unit
suppresses undesirable vibrations and mechanical
stresses, resulting in a cleaner and stronger acoustic
signal. This improvement in signal quality enables more
accurate and reliable measurements in ultrasound scan-
ning applications.

[0025] This effect of reducing unwanted sidelobes and
transverse modes of vibration is important for several
reasons. Firstly, it can improve the overall accuracy and
reliability of the ultrasound scanning measurements. By
suppressing undesirable vibrations and mechanical
stresses, the transducer generates cleaner and stronger
acoustic signals, enabling more precise detection and
analysis of features, defects, or changes in the scanned
medium. Additionally, this effect can play a significantrole
in expanding the range of applications for ultrasound
scanning technology. With an improved signal-to-noise
ratioand enhanced performance, the ultrasound scanner
can be utilized in more challenging and demanding sce-
narios, such as inspecting slimline boreholes, evaluating
high-temperature or high-pressure conditions, or detect-
ing small defects in complex structures. This increased
versatility and adaptability of the ultrasound scanner
make it a valuable tool across various industries, such
as for example medical diagnostics, oil and gas explora-
tion, infrastructure inspection, etc.

[0026] Optionally, the clamping action provided by the
clamping unit comprises a mechanical clamping, an
electrical clamping by means of piezoelectric actuation,
or a combination thereof. The electrical clamping may
also be understood as a piezoelectric clamping.

[0027] Various clamping unit designs may be em-
ployed, such as mechanical clamps or electromagnetic
clamps, to achieve the desired clamping action.

[0028] It will be appreciated that the peripheral region
may be defined functionally, in terms of its function in the
operation of the transducer. For example, it can be de-
fined as the region of the piezoelectric layer that is
primarily responsible for clamping or other secondary
functions, rather than the primary function of emitting
or receiving acoustical signals.

[0029] Optionally, the clamping unit includes a clamp-
ing electrode arranged in the peripheral region.

[0030] Advantageously, an improved clamping can be
obtained. The presence of the clamping electrode further
enhances the transducer’s performance by allowing pre-
cise control of the clamping action and reducing undesir-
able mechanical stresses. Alternative embodiments may
feature different clamping electrode designs, such as
segmented, annular electrodes, etc., to optimize the
clamping action and achieve the desired performance
characteristics.

[0031] Optionally, the clamping electrode has an an-
nular design.
[0032] This design allows for a uniform distribution of
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clamping forces around the periphery of the piezoelectric
layer, minimizing mechanical stresses and enhancing
the overall performance of the transducer. Alternative
embodiments may include other annular designs, such
as concentric rings or a combination of segmented and
annular electrodes, to optimize the clamping action and
transducer performance.

[0033] Optionally, the transducer is configured to keep
the clamping electrode at a predetermined voltage for
achieving the clamping action.

[0034] This configuration allows for greater control of
the clamping forces applied to the piezoelectric layer,
improving the transducer’s performance and reducing
unwanted mechanical stresses. Alternative embodi-
ments may utilize different predetermined voltages or
active voltage control to achieve optimal clamping action
and transducer performance. In some advantageous
embodiments, the electrical clamping is achieved pas-
sively (without an active control unit). This can make the
design of the transducer significantly less complex.
[0035] Optionally, the predetermined voltage is se-
lected to be OV.

[0036] This selection simplifies the electrical config-
uration of the transducer and reduces power consump-
tion while still achieving the desired clamping action.
Alternative embodiments may employ other voltage va-
lues close to OV or utilize a floating voltage reference to
optimize the clamping action and transducer perfor-
mance.

[0037] Optionally, the predetermined voltage is a bias-
ing voltage different than 0V, wherein the transducer is
configured to select the biasing voltage such that deflec-
tion of the edge of the piezoelectric layer during operation
is minimized.

[0038] This configuration further improves the trans-
ducer’s performance by reducing unwanted mechanical
deformation and noise. Exemplary embodiments may
utilize different biasing voltages, dynamic voltage control,
or feedback mechanisms to optimize the clamping action
and minimize edge deflection.

[0039] Optionally, the transducer is configured to short
circuit the clamping electrode and the second electrode
for achieving the clamping action.

[0040] This configuration simplifies the electrical con-
nections and reduces power consumption while provid-
ing the desired clamping action. Exemplary embodi-
ments may include additional switching elements, such
as transistors or diodes, to control the short-circuiting
action and optimize the clamping action and transducer
performance.

[0041] The clamping electrode and the second elec-
trode can be configured to establish a short circuit for
obtaining the clamping action. This short circuit can be
characterized by an electrical resistance that is negligibly
small. The term "negligibly small" in this context refers to
the fact that the resistance in the short circuit is so low that
it can be considered practically insignificant in the overall
electrical behavior of the transducer. This condition may
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provide for an effective operation of the clamping unit,
ensuring that the clamping electrode can result in an
adequate clamping action.

[0042] When a negligibly small resistance is present,
the electrical current can flow freely between the clamp-
ing electrode and the second electrode. This configura-
tion can enhance the transducer’s performance by allow-
ing the clamping action to be achieved more effectively
and reliably. It provides the needed electrical pathway for
controlling the clamping action, which may be instrumen-
tal in optimizing the piezoelectric layer’s performance by
affecting how it vibrates or deforms under the influence of
an electrical signal.

[0043] A short circuit with negligibly small resistance
can be particularly beneficial in applications where rapid
and precise control over the transducer’s behavior is
required. For example, in acoustical signal detection or
emission applications, such a configuration can help
maintain the accuracy and sensitivity of the transducer,
leading to improved signal quality and reliability.

[0044] The negligibly small resistance in the short cir-
cuit between the clamping electrode and the second
electrode can thus provide for an effective clamping
action with a relatively simple design and thereby enhan-
cing the overall performance of the transducer.

[0045] Optionally, the electrical resistance is less than
a predetermined value, such as smaller than 10 Ohm,
preferably smaller than 1 Ohm.

[0046] Optionally, the electrical resistance is smaller
than afraction of the lowest electricalimpedance value of
the piezoelectric material, for example smaller than 10%,
more preferably smaller than 5%, even more preferably
smaller than 1%.

[0047] Optionally, the clamping electrode is connect-
able to a ground potential for achieving the clamping
action.

[0048] This configuration simplifies the electrical con-
nections and reduces power consumption while still pro-
viding the desired clamping action. Exemplary embodi-
ments may utilize different ground connections or employ
voltage references other than ground to achieve the
desired clamping action and optimize transducer perfor-
mance.

[0049] Optionally, the clamping electrode is connect-
able to a clamping signal for achieving the clamping
action.

[0050] Thisconfiguration enables precise control ofthe
clamping forces applied to the piezoelectric layer, im-
proving transducer performance and reducing the gen-
eration of potential sidelobes.

[0051] Optionally, the clamping signal is actively con-
trolled.

[0052] In some examples, an active control of the
clamping signal is performed, for example utilizing a
controller. The controller may be adapted to actively
reduce or minimize the deflection of the piezoelectric
layer at or approximate the edges or peripheral regions.
Exemplary embodiments may employ different active
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control techniques, such as feedback control, feedfor-
ward control, or adaptive control, to optimize the clamp-
ing action and enhance transducer performance.
[0053] Optionally, the clamping signal is based on an
inversion of the actuation signal provided to the first
electrode.

[0054] This configuration allows for precise control of
the clamping forces, reducing unwanted noise or signal
artefacts such as sidelobes and improving the overall
performance of the transducer.

[0055] Optionally, the first electrode is shaped such
that a free region is obtained that is not covered by the
first electrode wherein the clamping unit is provided with-
in said free region.

[0056] Advantageously, this configuration allows for
obtaining an improved electrical clamping. Exemplary
embodiments may include different shapes and sizes
of the first electrode and various arrangements of the
clamping unit within the free region(s) to optimize trans-
ducer performance.

[0057] Optionally, the clamping electrode is shaped to
substantially cover said free region.

[0058] This design allows for a uniform distribution of
clamping forces, and enhancing the overall performance
of the transducer.

[0059] Optionally, the piezoelectric layer is selectively
clamped. The piezoelectric layer may be clamped in
preselected regions.

[0060] By clamping the piezoelectric layer in prese-
lected regions, the transducer can optimize its perfor-
mance by enhancing the generation and reception of
acoustical signals, as well as suppressing unwanted
vibrations.

[0061] The piezoelectric layer may have various
shapes, such as round, rectangular, elliptical, or polygo-
nal designs, depending on the specific requirements of
the application.

[0062] Optionally, the piezoelectric layer is disc
shaped. A disc-shaped piezoelectric layer offers several
benefits, including uniform stress distribution and simpli-
fied fabrication processes. This shape also enables more
efficient generation and reception of acoustical signals,
contributing to improved performance and accuracy of
the ultrasound scanner.

[0063] Optionally, the disc is unclamped in the middle.
This design can lead to improved signal generation and
reception, as well as more effective suppression of un-
wanted vibrations.

[0064] Optionally, the disc is clamped only at its outer
(edge) regions. This configuration also simplifies the
clamping process, minimizing the complexity of the trans-
ducer design.

[0065] Optionally, only an electrical actuation voltage is
provided in a central region of the disc shaped piezo-
electric layer, wherein at least a portion of the other
regions of the piezoelectric layer is electrically clamped.
The electrical clamping may for example be performed by
short circuiting, or by applying a predetermined voltage to
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obtain a biasing effect.

[0066] By applying an electrical actuation voltage only
in the central region of an e.g. disc-shaped piezoelectric
layer, the transducer can achieve more precise control
over the generation and reception of acoustical signals.
[0067] Optionally, separate electrodes are provided in
the central region and the peripheral region of the piezo-
electric layer, wherein the separate electrodes are con-
figured to apply different voltages to the respective re-
gions for selective electrical clamping of the piezoelectric
layer.

[0068] Optionally, the separate electrodes in the cen-
tral region and the peripheral region are connectable to
different voltage sources, enabling independent control
of voltages applied to each region.

[0069] Optionally, the transducer is configured for non-
uniform surface excitation of the piezoelectric layer,
wherein parts of the piezoelectric layer are clamped
during operation.

[0070] Optionally, clamping of parts of the piezoelectric
layer is achieved by selective activation or deactivation of
electrodes in the respective clamped regions.

[0071] Optionally, the clamping is configured such that
during operation, the peripheral region (e.g. an outerring)
of the piezoelectric layer remains substantially still. The
electrical clamping may be performed with a biasing
clamping actuation signal that is determined based on
for example the geometry, material properties, and other
relevant factors to determine the optimal voltage for
maintaining the peripheral region of the piezoelectric
layer piezoelectric layer substantially still during opera-
tion.

[0072] Optionally, the clamping unit is configured to
provide for a frequency dependent clamping action.
[0073] Optionally, the clamping electrode is connect-
able via a network of discrete passive components.
[0074] This allows the electrical response of the clamp-
ing electrode to be modified or tuned by altering the
characteristics of the passive component network. This
could be used to adapt the behavior of the transducer for
different operating conditions.

[0075] Optionally, the network of discrete passive com-
ponents comprises at least one of a capacitor, an induc-
tor, and a resistor.

[0076] The network of discrete passive components
could include a variety of components, such as capaci-
tors, resistors, or inductors, depending on the desired
electrical response. These different types of passive
components can alter the impedance seen by the clamp-
ing electrode, which can change how the clamping action
responds to changes in the applied voltage. This can
allow the transducer’s performance to be optimized for
specific operating conditions.

[0077] The passive component network could include
combinations of capacitors, resistors, and inductors,
which could allow a complex impedance to be achieved.
[0078] Optionally, the network of discrete passive com-
ponents is configured such that the clamping action
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becomes frequency dependent.

[0079] This could allow the transducer to exhibit differ-
ent behaviors at different frequencies, which could be
used to adapt the transducer’s performance for specific
applications. This allows the transducer to function opti-
mally across a broader range of operating conditions.
[0080] The network of discrete passive components
could be configured such that the clamping action is
stronger at higher frequencies, which could be useful
in applications where high-frequency noise is a concern.
[0081] Optionally, frequency-dependent clamping ac-
tion is configured to act as an electronic filter.

[0082] Thiscanallowthe transducertoreject or attenu-
ate certain frequencies, which can be used to reduce
noise or other unwanted signals. This can improve the
quality of the output signal from the transducer by redu-
cing unwanted frequencies.

[0083] The electronic filter could be a low-pass filter, a
high-pass filter, or a band-pass filter, depending on the
desired application.

[0084] Optionally, the electronic filter is an analogue
electronic filter.

[0085] This can provide a smooth and continuous fil-
tering effect across the frequency range, as opposed to
digital filters which work with discrete values.

[0086] The analogue electronicfilter could be designed
with a range of different characteristics, depending on the
desired filter performance.

[0087] According to an aspect, the invention provides
for a method for making a transducer, wherein a piezo-
electric layer of homogeneous ceramic piezoelectric ma-
terial is provided arranged between a first electrode and a
second electrode, wherein the first electrode is connect-
able to a higher voltage and the second electrode is
connectable to a lower voltage or ground, or vice versa;
and wherein a first area of the piezoelectric layer is
covered by the first electrode and a second area of the
piezoelectric layer is covered by the second electrode;
wherein the first electrode has an increased coverage of
electrode material in the central region of the piezoelec-
tric layer relative to the peripheral region of the piezo-
electric layer.

[0088] Advantageously, the signal quality can be vastly
improved. Reverberations can be reduced by a signifi-
cant factor leading to a higher accuracy inspection result.
In some cases, reverberations can be reduced by a factor
of 10 or even more. A suppression of acoustic reverber-
ation/spurious acoustic reflections can be achieved in an
advantageous way, for example without the use of an
additional acoustic window/mirror. For radially oriented
transducers the diameter of the inspection tool will in-
crease - there is a practical minimal length of the acous-
tical transducer at a particular frequency. In contrast,
according to the invention, the transducer can be or-
iented along the axial direction of the pipe, thereby en-
ablingits use forinstance the inspection of small diameter
pipes. Furthermore, the transducer is not only suitable for
use in relatively small diameter piping, but it can also
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handle large temperature and pressure differences.
[0089] In some advantageous examples, apodization
is obtained by means of electric clamping. For example,
clamping electrodes at at least a part of the peripheral
region can be used to reduce or minimize the piezo-
electric layer there. When the deflection is very small
or negligible, a near perfect apodization is obtained. In
some examples, the clamping electrode includes an out-
er ring (cf. annular structure) arranged on the piezoelec-
tric layer. This outer ring may for instance be electrically
connected to the ground potential or OV in order to hold it
electrically at a deflection of 0, thereby reducing the
generation of sidelobes. Moreover, as a result, the trans-
ducer is suitable for applications encountering large
temperature differences and/or large pressure fluctua-
tions.

[0090] Optionally, the first electrode and the second
electrode are applied to the piezoelectric layer via a
process of vapor deposition or sputtering, such that the
electrodes are formed in a specific pattern. In certain
examples, the pattern of the electrodes may be defined
by selectively removing portions of the electrode material
after deposition. This removal can be achieved through
various techniques such as etching, milling, or other
appropriate methods. This allows for the precise shaping
of the electrodes and the creation of detailed structures
on the piezoelectric layer, such as the creation of a
smaller first electrode area in relation to the second
electrode area, or the formation of an increased coverage
of electrode material in the central region of the piezo-
electric layer relative to the peripheral region. Such pre-
cision in electrode patterning can help improve the per-
formance characteristics of the transducer, including its
sensitivity and frequency response.

[0091] Optionally, the poling of the piezoelectric mate-
rial can be performed either before or after the processing
of the electrodes. Poling, a process which aligns the
dipole moments within the piezoelectric material to en-
hance its piezoelectric properties, is typically carried out
after the electrodes have been applied to the piezoelec-
tric layer. However, it can occur either before or after the
removal of electrode material to create the desired elec-
trode pattern. One advantage of conducting the poling
after the processing of the electrodes, including any
removal of electrode material, is that the regions of the
piezoelectric layer from which electrode material has
been removed are not rendered piezoelectric during
the poling process. This can be beneficial in applications
where it is desirable to have areas of the transducer that
do not exhibit piezoelectric properties. It also allows for
precise control over the active piezoelectric regions of the
transducer, thereby enhancing its performance and re-
liability.

[0092] Optionally, the piezoelectric material is poled
using a process known as corona poling prior to the
application of the electrodes. Corona poling is a techni-
que where a high voltage is applied to a sharp electrode
positioned close to, but not in contact with, the piezo-
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electric material, creating an ionized region or "corona"
around the electrode. The strong electric field within the
corona causes the dipole moments in the piezoelectric
material to align, enhancing its piezoelectric properties.
In particular, the corona poling can be conducted inanon-
uniform manner, according to the desired electrode pat-
tern. This non-uniform corona poling allows the piezo-
electric properties of the material to be selectively en-
hanced in regions that will be covered by the electrodes,
providing a high degree of control over the transducer’s
performance characteristics. This method can provide
flexibility in the manufacturing process, as well as poten-
tial performance benefits depending on the specific re-
quirements of the transducer application.

[0093] Material can be activated or polarized with a
specific shape (e.g., star-shaped) to confine piezoelectric
behavior to certain zones or areas. Applying a non-uni-
form poling provides important advantages. The non-
uniform poling may involve poling with a voltage ampli-
tude as function of radius equal to the apodization that is
desired. Advantageously, the resulting transducer can
have a fixed apodization independent of temperature or
pressure.

[0094] By employing non-uniform corona poling, the
material can be made locally piezoelectric, while sur-
rounding areas remain non-piezoelectric (meaning they
will not respond when a voltage is applied). Itis desirable
for the edges to remain stationary during operation. In the
case of a star-shaped corona-poling pattern, the edges
will still move due to the material’s bending stiffness. To
address this issue, electrical clamping methods may be
employed utilizing clamping electrodes. The clamping
electrodes may for example have an annular design. In
some examples, the design of the clamping electrodes
can mirror specific shapes, or alternatively, they can take
the form of the inverse of these shapes. For instance, if
the desired shape is a star, the clamping electrodes can
either be star-shaped or they can adopt a pattern that
corresponds to the negative space of a star. This essen-
tially means that instead of the electrode resembling the
star itself, it would take the form of the space around the
star.

[0095] Furthermore, it is also possible to reverse the
polarity in these negatively formed designs. In other
words, where the original shape had a certain electrical
charge distribution, the inverse shape will have its charge
distribution flipped. This provides flexibility in terms of
how the electrical properties of the clamping electrodes
are managed, enabling a wider range of applications and
uses.

[0096] According to an aspect, the invention provides
for an ultrasound scanner including a transducer accord-
ing to the disclosure.

[0097] This integration results in an ultrasound scan-
ner with enhanced performance characteristics due to
the improved transducer design. Alternative embodi-
ments may include different types of ultrasound scan-
ners, such as portable devices, stationary machines, or
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downhole tools with specialized housings, designed to
accommodate the transducer configurations according
to the disclosure.

[0098] Advantageously, the transducer according to
the disclosure can be used in an acoustic/ultrasound
head for small diameter downhole pipes suitable for high
temperatures and pressures.

[0099] Insome examples, the scan head is configured
for use in a borehole with a diameter in arange of 5 cm to
50 cm. For example, the scan head may be dimensioned
for use in a borehole with a diameter of around 20 cm.
[0100] In some examples, the scan head is dimen-
sioned to pass through a narrow passage, for example
with a diameter smaller than 10 cm, before deploymentin
a wider borehole.

[0101] Optionally, the scan head is sized to fit into
slimline boreholes with a diameter of less than 10 cm,
preferably less than 6 cm. In some examples, the scan
head is sizes to fit into slimline boreholes with a diameter
of less than 5 cm.

[0102] The design of the transducer can be made very
small, even when clamping is employed. The compact
design enables the ultrasound scanner to inspect and
evaluate small diameter boreholes effectively, which may
not be accessible using conventional downhole tools.
The enhanced transducer performance further improves
the quality and accuracy of the obtained data. Various
exemplary embodiments may include various scan head
designs and sizes, as well as different configurations of
the transducer within the scan head, to optimize the
performance of the ultrasound scanner in inspecting
slimline boreholes under different downhole conditions,
such as high temperature, pressure, and/or varying bore-
hole geometries.

[0103] According to an aspect, the invention provides
for a method for calibrating a transducer according to the
disclosure, wherein the method involves determining a
voltage used for electrical clamping at which the periph-
eral region of the piezoelectric layer remains substan-
tially still, taking into account geometry, material proper-
ties, and other relevant factors.

[0104] Itshould be recognized that the definition of the
peripheral region can be determined based on its func-
tional role within the transducer’s operational dynamics.
For instance, the peripheral region can be characterized
as the section of the piezoelectric layer that primarily
contributes to auxiliary actions such as clamping, as
opposed to the central role of generating or detecting
acoustic signals. This functional distinction allows the
peripheral region to accommodate secondary mechan-
isms that enhance the performance and reliability of the
transducer, while the central region remains dedicated to
the primary piezoelectric activity.

[0105] It will be appreciated that the peripheral region
may refer to an outermost area of the piezoelectric layer.
The definition of the peripheral region can depend on the
specific shape and design of the piezoelectric layer, but
generally, it can be understood as the area towards the
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edge of the layer, furthest from the center. For example, if
the piezoelectric layer is a disc, the peripheral region can
refer to a ring-shaped area at the outer edge of the disc.
[0106] In some examples, the peripheral region can
also be referred to using alternative terms such as the
"edge region", "outer region", or "boundary region" of the
piezoelectric layer. These terms, like "peripheral region”,
all refer to an area of the piezoelectric layer that is near or
at its outer boundary, although the precise definitions of
these areas can vary depending on the specific design
and configuration of the transducer.

[0107] Insome examples, the peripheral region can be
defined based on the location of the clamping electrode.
Forinstance, the peripheral region may be defined as the
area of the piezoelectric layer that is covered by the
clamping electrode and not by the first electrode. In this
case, the specific dimensions of the peripheral region
would depend on the sizes and shapes of the electrodes.
[0108] In some examples, the peripheral region may
be defined more specifically by a certain width or percen-
tage of the piezoelectric layer’s diameter, such as the
outermost 10% or 20% of the diameter.

[0109] Insome examples, the peripheral region can be
described in terms of its radial distance from the center of
the piezoelectric layer. For instance, the peripheral re-
gion may be defined as the outermost 5%, 10% or some
other fixed distance from the edge of the disc.

[0110] Insome examples, the peripheral region can be
defined relative to the placement and coverage of the first
and second electrodes on the piezoelectric layer. For
instance, the peripheral region may be considered as
the area of the piezoelectric layer that is covered by the
second electrode but not the first electrode. This can be a
thin ring at the outer edge of the layer, or it can be a more
substantial portion of the layer, depending on the relative
sizes of the electrodes. For example, if the first electrode
covers approximately 70% to 90% of the piezoelectric
layer’s diameter and the second electrode covers nearly
the entire diameter, the peripheral region would then be
the ring-shaped area representing the 10% to 30% of the
diameter not covered by the first electrode.

[0111] It will be appreciated that any of the aspects,
features and options described in view of the transducer
and the system apply equally to the methods and the
described ultrasound scanner. It will also be clear thatany
one or more of the above aspects, features and options
can be combined.

BRIEF DESCRIPTION OF THE DRAWING

[0112] The invention will further be elucidated on the
basis of exemplary embodiments which are represented
in a drawing. The exemplary embodiments are given by
way of non-limitative illustration. Itis noted that the figures
are only schematic representations of embodiments of
the invention that are given by way of non-limiting ex-
ample.

[0113] In the drawing:
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Fig. 1 shows a schematic diagram of an embodiment
of a transducer;

Fig. 2a, 2b show a schematic diagram of an embodi-
ment of a transducer;

Fig. 3a, 3b show a schematic diagram of an embodi-
ment of a transducer;

Fig. 4a, 4b, 4c show a schematic diagram of an
embodiment of a transducer;

Fig. 5 shows a schematic diagram of an embodiment
of an experimental setup;

Fig. 6 shows a schematic diagram of experimental
results;

Fig. 7a, 7b, 7c show a schematic diagram of experi-
mental results;

Fig. 8a, 8b, 8c show a schematic diagram of experi-
mental results;

Fig. 9a, 9b show a schematic diagram of experimen-
tal results;

Fig. 10 shows a schematic diagram of experimental
results;

Fig. 11 shows a schematic diagram of experimental
results;

Fig. 12 shows a schematic diagram of experimental
results;

Fig. 13a, 13b show a schematic diagram of experi-
mental results; and

Fig. 14 shows a schematic diagram of an embodi-
ment of an acoustic head.

DETAILED DESCRIPTION

[0114] Fig. 1 shows a schematic diagram of a cross-
sectional side view of an embodiment of a part of a
transducer 10. The transducer 10 is configured to emit
or receive an acoustical signal. The transducer 10 com-
prises a piezoelectric layer 11 of homogeneous ceramic
piezoelectric material arranged between a first electrode
13 and a second electrode 15; wherein the first electrode
13 is connectable to a higher voltage and the second
electrode 15 is connectable to a lower voltage or ground,
or vice versa; wherein a first area of the piezoelectric
layer 11 covered by the first electrode 13 is smaller than a
second area of the piezoelectric layer 11 covered by the
second electrode 15; and wherein the first electrode 13
has an increased coverage of electrode material in a
central region C of the piezoelectric layer 11 relative to
a peripheral region P of the piezoelectric layer 11. Sig-
nificant improvement in the beam generated by the
acoustic head can be achieved.

[0115] It will be appreciated that the relative dimen-
sions shown may not accurately represent the actual
design in practice (e.g., electrodes may have a consider-
ably smaller relative thickness). Various configurations
and arrangements are possible.

[0116] The improved transducer 10 can be employed
for example in an acoustic head. Advantageously, un-
wanted reverberations can be avoided. The transducer
design can effectively minimize internal reverberations in
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the acoustic head, which are usually caused by the
complex geometry of the head and the edge waves/si-
delobes produced by the transducer 10 in e.g. slim-line
bore hole scanners. This allows for cleaner, less distorted
signal collection.

[0117] Furthermore, an improved accuracy can be ob-
tained by means of the improved transducer design. By
eliminating undesired reverberations, the accuracy of
certain algorithms, especially those that rely on low am-
plitude information such as trailing waves, is significantly
improved. The transducer’s performance is thus opti-
mized.

[0118] The transducer 10 is effective in complex geo-
metries. The transducer 10, due to its design, is capable
of operating effectively even in the complex geometries of
an acoustical head, including the acoustic mirror and
window. Further, the transducer can reduce the impact
ofbroad beams, which are a typical source of edge waves
or sidelobes, further enhancing the quality and precision
of its performance.

[0119] Fig. 2a, 2b show a schematic diagram of a
cross-sectional side view of an embodiment of a trans-
ducer 10. Advantageously, by making the active surface
smaller, apodization can be achieved. The first electrode
13 has a smaller size than the second electrode 15. The
second electrode 15 covers a significant portion of the
piezoelectric layer. Forinstance, the second electrode 15
may cover an entire surface of the piezoelectric layer 11
on one side, whilst the first electrode 13 may cover only a
portion of the piezoelectric layer 11 on the other side. The
obtained electric field lines 17 between the first and
second electrodes 13, 15 are illustrated. The electric
fields 17 are perpendicular to the plane of the electrodes.
At the edges, the electric field lines 17 will be curved.
[0120] Advantageously, an apodization effect is also
achieved this way. The movement of the end portion (cf.
peripheral region) of the piezoelectric layer 11 can be
significantly reduced in this way. However, due to the
lateral stiffness (bending stiffness), some movement will
typically still occur. Although less than initially, experi-
ments have shown that a relatively small movement may
be observed.

[0121] In some examples, a clamping unit is arranged
which is configured to provide a clamping action on at
least a portion of the peripheral region P of the piezo-
electric layer 11. In this way, a significantly improved
apodization effect can be obtained. In some advanta-
geous examples, an electrical clamping is employed on
the side in order to reduce movement of the end portion
(cf. peripheral region) of the piezoelectric layer. This is
shown in the exemplary embodiment of fig. 2b. The field
lines near the edges are no longer present, and the
material relies on its lateral bending stiffness. In this
way, in an advantageous way, a non-uniform movement
in the piezoelectric layer 11 can be achieved. Not all
material is excited. Selective excitation can be employed
in an effective way. The electrical clamping offers the
potential to significantly enhance the beam characteris-
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tics. The electrical biasing enables the structure to
achieve a different stiffness state. This can be achieved
locally according to the invention using the electrical
clamping.

[0122] In the exemplary embodiment of fig. 2b, the
clamping unitincludes a clamping electrode 20 arranged
in the peripheral region P.

[0123] Fig. 3a, 3b show a schematic diagram of an
embodiment of a transducer 10. For each embodiment, a
cross-sectional side view and a top view is shown. In the
top view, it is clearly illustrated that the transducer has a
disc-shaped design. However, various other shapes,
arrangements and forms can be employed.

[0124] Fig. 3a shows an embodiment without an elec-
trical clamping unit. Fig. 3b shows an embodiment with an
electrical clamping unit. The transducerincludes ahomo-
geneous ceramic piezo material, wherein apodization
has been achieved by means of electric clamping.
[0125] In the exemplary embodiment of fig. 3b, the
clamping electrode 20 has an annular design. However,
various other clamping designs for achieving electrical
clamping are envisaged.

[0126] Advantageously, the transducer can effectively
generate a beam that induces less unwanted sidelobes
and transverse modes of vibration in an acoustic head,
thereby increasing the magnitude of the usable acoustic
output for a given electrical input.

[0127] An electrical clamping can provide important
advantages compared to mechanical clamping. For ex-
ample, the mechanical clamping may involve clamping of
the edge of the piezoelectric layer. At increased temper-
atures/pressures the piezo material will expand/contract,
changing the effective clamping of the piezo. Thus this
may work effectively at some temperatures but be less
effective at other temperatures. This could also result in
damage to the transducer. Hence, the design with me-
chanical clamping may be considered as less robust than
the design with electrical clamping for some applications.
Additionally or alternatively, the mechanical clamping
may involve applying a glue (e.g. hard glue) on the sides
of the piezo material. At increased temperatures the
stiffness of the glue will typically be lowered. Therefore
the clamping of the piezo material may change as a
function of temperature. Thus, this design may be also
less robust than the design with electrical clamping.
[0128] Therefore, the design with electrical clamping
can improve the generated beam shape, suppressing
sidelobes and/or edge waves to a large degree in an
advantageous way. As a result, the transducer may be
employed in acoustic heads with relatively large temper-
ature/pressure fluctuations. For instance, the transducer
may be robustly used in a borehole scanners that needs
to work with large temperature and pressure variations
(e.g. larger than 200 degrees Celsius temperature differ-
ence, and/or larger than 300 bar pressure differences).
[0129] Fig. 4a, 4b, 4c show a schematic diagram of top
view of an embodiment of a transducer 10. The exemp-
lary embodiments show different first electrode 13 de-
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signs. The first electrode 11 can have an increased
coverage of electrode material in a central region of
the piezoelectric layer 11 relative to a peripheral region
of the piezoelectric layer 11.

[0130] The first electrodes 13 can be patterned such
that the electrical field amplitude per unit area decreases
with radius. Advantageously, the resulting transducer
performance (acoustic field) can be less dependent of
pressure and temperature.

[0131] Electrodes with distinct patterns can be effec-
tively implemented, with a corresponding clamping. For
example, a ‘flower-shaped electrode shape’ may be em-
ployed which is capable of delivering a near-uniform
response. Advantageously, this can be integrated with
a complementary figure designed to electronically clamp
the spaces left vacant by the pattern. By pairing clamping
with this approach brings several benefits. For example,
it can help optimize the performance of the electrode by
ensuring more effective control over the electric field
distribution. This might result in a more stable, predict-
able behavior of the transducer.

[0132] This method enables the production of transdu-
cers with improved performance characteristics, particu-
larly in terms of clamping action, electrode configuration,
and efficient utilization of the piezoelectric material. Alter-
native embodiments may include different fabrication
techniques.

[0133] Fig. 5 shows a schematic diagram of an embo-
diment of an experimental setup. A piezoelectric layer 11
is connected to a matching layer 21 and a backing 23.
Furthermore, the matching layer is connected to a med-
ium layer 25, in this example water. This set-up has been
used to test different transducer designs as illustrated in
fig. 6. The electrodes connected to the piezoelectric layer
11 are not shown in fig. 5.

[0134] Fig. 6 shows a schematic diagram of experi-
mental results. Three designs are shown, namely Design
1 (full transducer according to the prior art), Design 2 and
Design 3.

[0135] Design 1 corresponds to the design known in
the art. For example, in slim-line bore hole scanners, the
complex geometry of the acoustical head (transducer,
acoustic mirror, acoustic window) in combination with the
edge waves/sidelobes (broad beam) produced by the
transducer according to Design 1 typically leads to un-
desired reverberations inside the acoustic head. These
reverberations strongly limit the accuracy of certain algo-
rithms, particularly those based on low amplitude infor-
mation (e.g. trailing waves). Design 2 and Design 3
provide for improved exemplary transducer designs ac-
cording to the disclosure for overcoming the problems
associated with Design 1.

[0136] Design 2 and Design 3 allow for effectively
preventing or at least partially reducing the deflection
across the entire width of the piezoelectric layer 11.
Advantageously, a specific peripheral area of the piezo-
electric layer will not be actively actuated. In Design 3, a
clamping electrode ring has been arranged on the piezo-
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electriclayer at or approximate the peripheral region. The
ring is used to electrically clamp the peripheral region.
[0137] Applying a voltage to a piezoelectric material
causes it to change in size. Holding the voltage at zero
electrically clamps the material, even if there is an inten-
tion to move it mechanically. This clamping is possible
through electrical actuation, i.e. "electrical clamping”. For
instance, if the two electrodes are shortcircuited (at 0V),
they will counteract each other. This action will produce a
force that prevents deformation, making the material
harder and stiffer, which is sufficient for achieving the
desired clamping effect.

[0138] By connecting the front and back in order to
short circuit the clamping electrode with the second
electrode 15, a OV condition can be obtained. The ap-
proach is not limited to a short circuit; an active signal can
also be applied (e.g., an inverted signal) to minimize
deflection at the edges.

[0139] In some examples, electrical clamping can be
further enhanced by applying a bias (bias/reverse sig-
nal), which strengthens the clamping effect. This im-
provement in clamping is substantial.

[0140] Additionally or alternatively, a counteraction
can be provided when the material wants to expand
(by putting it out of phase). This can be actively managed
and is used in phased arrays (controlling beams with
phases). Phased-array applications always involve se-
parate elements. Using a reverse phase (reverse sine)
can clamp the material (making it even stiffer) and
achieve the apodization function. In this case, an oppo-
site voltage (inverted signal) is used.

[0141] A OV short circuit offers the advantage of a
simple design without the need for additional hardware.
When implementing control, however, additional hard-
ware arrangements may be required, making the design
more complex and possible less robust.

[0142] The graph shown in fig. 6 displays deflection as
a function of radius. The dotted line represents the de-
sired function (in this example a Hanning function; cf.
deflection under ideal conditions). The first line L1 and
second line L2 indicate the difference between Design 2
and Design 3 (including electrical clamping). Design 3
can effectively achieve a negligible or measured zero
deflection at the edge. Although the difference between
line L1 and L2 at the maximum radius (i.e. end portion, cf.
peripheral region) may seem relatively small, it has a
significant impact on the results.

[0143] Fig. 7a, 7b, 7c show a schematic diagram of
experimental results for respectively Design 1, Design 2
and Design 3. The graphs are indicative of the beam
shape. As can be seen, the beam shape in Design 2 and
Design 3 is significantly improved. The generated beams
by Design 2 and Design 3 are significantly narrower. For
Design 2, a plateau-like portion P can be observed. For
Design 3, such plateau-like portion is not present, result-
ing in a smoother shape.

[0144] Fig. 8a, 8b, 8c show a schematic diagram of
further experimental results for respectively Design 1,
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Design 2 and Design 3. The data portrayed in Fig. 8 is
identical to that of Fig. 7, however, it is depicted utilizing a
logarithmic scale instead of a linear scale. Electronically
clamping the material results in a significantly narrower
beam, as confirmed by experiments. The top pattern is
also less pronounced, leading to a more uniform beam.
[0145] Fig.9a, 9b show a schematic diagram of experi-
mental results for each of the three designs Design 1,
Design 2 and Design 3. Fig. 9a illustrates linear scale
images. A colormap normalization has been performed
perimage. Fig. 9b illustrates log scale images. Also here,
a colormap normalization has been performed per im-
age.

[0146] In Designs 2 and 3, the movement of the edges
or peripheral regions of the piezoelectric layer (e.g., disc)
can be reduced. This is achieved in an advantageous
way, reducing the number or intensity of sidelobes due to
the improved beam shape. Design 3 employs electrical
clamping. It will be appreciated that mechanical clamping
might be a solution also, but it presents additional chal-
lenges, such as making the edge very stiff or adding
thickness. These adjustments may be difficult to execute
for some applications. A hard adhesive layeris commonly
used, but in this application, it is vulnerable. Electrical
clamping can thus provide a significant benefit compared
to mechanical clamping.

[0147] Figs. 10, 11 and 12 show a schematic diagram
of experimental results for respectively Design 1, Design
2 and Design 3. It can be seen that a significant improve-
ment in the beam generated by the acoustic head can be
achieved by utilizing the transducer according to the
disclosure (Design 2 and Design 3). Furthermore, by
clamping the edge of the ceramic piezoelectric material
of the transducer using an electrical clamping, detrimen-
tal waves, spurious resonances, interfering echoes, etc.
can be effectively reduced or suppressed, resulting in a
significantincrease of the acoustic efficiency of the trans-
ducer.

[0148] Fig. 13a, 13b show a schematic diagram of
experimental results for Design 1, Design 2 and Design
3. The graphs show the sensitivity (Pa/V) as function of
the lateral location. Fig. 13a shows the response at
transducer surface, and fig. 13b shows a response at
the mirror surface (at 22.5 mm in this example).

[0149] A challenge arises when a generated beam is
too wide (cf. Design 1), leading to numerous reflections.
By narrowing the beam (cf. Design 2 and Design 3), the
angle of incidence is reduced, and shear waves that are
prone to appear on any liquid-solid interface are less
impacted.

[0150] The transducer according to the disclosure can
be used in a broader range of applications, including
those involving high temperature and high pressure.
The designs can enhance the generated beam using
an acoustic head with homogeneous ceramic material.
[0151] Fig. 14 shows a schematic diagram of an em-
bodiment of an acoustic head 100 comprising the trans-
ducer 10 according to the disclosure. The acoustic head
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100 is also usable for small diameter downhole pipes.
Moreover, it can be applied even in conditions with large
fluctuations in temperature and/or pressure. Some ex-
emplary applications are ultrasonic inspection devices,
borehole/downhole scanners, etc.

[0152] Advantageously, the transducer introduces an
enhanced electrode configuration for an acoustic trans-
ducer, effectively minimizing unwanted acoustic effects
and improving the signal quality and strength. The design
encourages a uniform or even stress distribution and
reduces peripheral deformation by increasing the elec-
trode material’s coverage in the piezoelectric layer’s
central region. The piezoelectric layer and electrodes
can be of various shapes and sizes to optimize perfor-
mance.

[0153] In this example, the acoustic head includes an
acoustic mirror 101 and an acoustic window 103. The
transducer 10is configured to produce a sound beam that
is aimed along the axis of the borehole scanner/pipe. This
orientation means that the long axis of the transducer is
parallel to the axis of the borehole scanner, allowing for
the smallest diameter device possible. The acoustic mir-
ror 101 is arranged to reflect the sound beam from an
orientation parallel to the axis of the borehole scanner/-
pipe to an orientation perpendicular to the axis of the
borehole scanner/pipe. The acoustic window 103 is ar-
ranged to isolate the internals of the borehole scanner
from the surrounding borehole liquid in the pipe. Typically
the material choice and shape of the acoustic window 103
is optimized such to minimize its effect on the sound
beam. Advantageously, by means of the improved trans-
ducer design according to the disclosure, the generated
beam can be improved and spurious reflections bouncing
around in the acoustic head can be effectively reduced.
As a result, the acoustic head 100 can generated less
undesired reverberations that would otherwise pollute
the desired pulse-echo reflection from the pipe wall.
Advantageously, the accuracy of the measurements
which can be performed using the acoustic head can
be improved.

[0154] It will be appreciated that various clamping
techniques may be employed. Although numerous ex-
amples are given with respect to electrical clamping (i.e.
employing a clamping electrode for performing piezo-
electric clamping), it is also possible to employ mechan-
ical or any other type of clamping such us using adhesive,
glues or the like. Mechanical clamping is thus also en-
visaged. However, it is noted that at typical frequencies
involved in the acoustic applications, the materials may
actelastic. Clamping with a steel ring, for example, would
still allow vibrations to pass through. High-stiffness ad-
hesives could offer a solution; however, such adhesives
typically cannot endure the temperatures and pressures
encountered in this application. Thus, employing the
electrical clamping according to the disclosure can pro-
vide significant advantages for various applications.
[0155] Various embodiments may be implemented
using hardware elements, software elements, or a com-
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bination of both. Examples of hardware elements may
include processors, microprocessors, circuits, applica-
tion specific integrated circuits (ASIC), programmable
logicdevices (PLD), digital signal processors (DSP), field
programmable gate array (FPGA), logic gates, registers,
semiconductor device, microchips, chip sets, et cetera.
Examples of software may include software components,
programs, applications, computer programs, application
programs, system programs, machine programs, oper-
ating system software, mobile apps, middleware, firm-
ware, software modules, routines, subroutines, func-
tions, computerimplemented methods, procedures, soft-
ware interfaces, application program interfaces (API),
methods, instruction sets, computing code, computer
code, et cetera.

[0156] Herein, the invention is described with refer-
ence to specific examples of embodiments of the inven-
tion. It will, however, be evident that various modifica-
tions, variations, alternatives and changes may be made
therein, without departing from the essence of the inven-
tion. For the purpose of clarity and a concise description
features are described herein as part of the same or
separate embodiments, however, alternative embodi-
ments having combinations of all or some of the features
described in these separate embodiments are also en-
visaged and understood to fall within the framework of the
invention as outlined by the claims. The specifications,
figures and examples are, accordingly, to be regarded in
anillustrative sense rather than in arestrictive sense. The
invention is intended to embrace all alternatives, mod-
ifications and variations which fall within the scope of the
appended claims. Further, many of the elements that are
described are functional entities that may be implemen-
ted as discrete or distributed components or in conjunc-
tion with other components, in any suitable combination
and location.

[0157] In the claims, any reference signs placed be-
tween parentheses shall not be construed as limiting the
claim. The word 'comprising’ does not exclude the pre-
sence of other features or steps than those listed in a
claim. Furthermore, the words ’a’ and ’an’ shall not be
construed as limited to only one’, but instead are used to
mean ’at least one’, and do not exclude a plurality. The
term "and/or" includes any and all combinations of one or
more of the associated listed items. The mere fact that
certain measures are recited in mutually different claims
does not indicate that a combination of these measures
cannot be used to an advantage.

Claims

1. Atransducer configured to emit or receive an acous-
tical signal, wherein the transducer comprises a
piezoelectric layer of homogeneous ceramic piezo-
electric material arranged between a first electrode
and a second electrode; wherein the first electrode is
connectable to a higher voltage and the second
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electrode is connectable to a lower voltage or
ground, or vice versa; wherein a first area of the
piezoelectric layer covered by the first electrode is
smaller than a second area of the piezoelectric layer
covered by the second electrode; and wherein the
first electrode has an increased coverage of elec-
trode material in a central region of the piezoelectric
layer relative to a peripheral region of the piezo-
electric layer.

The transducer according to claim 1, wherein a
clamping unit is arranged which is configured to
provide a clamping action on at least a portion of
the peripheral region of the piezoelectric layer.

The transducer according to claim 2, wherein the
clamping unit includes a clamping electrode ar-
ranged in the peripheral region.

The transducer according to claim 3, wherein the
clamping electrode has an annular design.

The transducer according to claim 3 or 4, wherein the
transducer is configured to keep the clamping elec-
trode at a predetermined voltage for achieving the
clamping action.

The transducer according to claim 5, wherein the
predetermined voltage is selected to be 0V.

The transducer according to claim 5, wherein the
predetermined voltage is a biasing voltage different
than 0V, wherein the transducer is configured to
select the biasing voltage such that deflection of
the edge of the piezoelectric layer during operation
is minimized.

The transducer according to any one of the preced-
ing claims 3-7, wherein the transducer is configured
to short circuit the clamping electrode and the sec-
ond electrode for achieving the clamping action.

The transducer according to any of the preceding
claims 3-8, wherein the clamping electrode is con-
nectable to a ground potential for achieving the
clamping action.

The transducer according to any one of the preced-
ing claims 3-9, wherein the clamping electrode is
connectable to a clamping signal for achieving the
clamping action.

The transducer according to claim 10, wherein the
clamping signal is actively controlled.

The transducer according to claim 10 or 11, wherein
the clamping signal is based on an inversion of the
actuation signal provided to the first electrode.
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The transducer according to any one of the preced-
ing claims, wherein the first electrode is shaped such
that a free region is obtained that is not covered by
the first electrode wherein the clamping unit is pro-
vided within said free region.

The transducer according to claim 13, wherein the
clamping electrode is shaped to substantially cover
said free region.

A method for making a transducer, wherein a piezo-
electric layer of homogeneous ceramic piezoelectric
material is provided arranged between a first elec-
trode and a second electrode, wherein the first elec-
trode is connectable to a higher voltage and the
second electrode is connectable to a lower voltage
or ground, or vice versa; and wherein a first area of
the piezoelectric layer is covered by the first elec-
trode and a second area of the piezoelectric layer is
covered by the second electrode; wherein the first
electrode has an increased coverage of electrode
material in the central region of the piezoelectric
layer relative to the peripheral region of the piezo-
electric layer.
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