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Abstract

The reliable operation of an ultrasound transducer depends on the proper functioning of its piezoelectric elements. However, various
factors can adversely affect its performance, particularly physical factors that compromise the transducer’s structural integrity. One
such factor is crosstalk, which induces spurious vibrations in the transducer elements. These unintended vibrations, generated by
ultrasound waves, can gradually cause microstructural damage. This study introduces a novel approach by simulating the effects of
crosstalk on the transducer’s piezoelectric backing layer. Understanding these effects is crucial, as structural damage is often progres-
sive and difficult to detect, potentially leading to failure or fracture of the backing layer. Analyzing the interaction between crosstalk
and the transducer support can facilitate designs capable of minimizing damage caused by crosstalk. Additionally, collaboration with
materials science and engineering fields can enhance the design and fabrication of more efficient and durable transducers.
Keywords: Matrix transducers, crosstalk, spurious vibrations, simulation.

RESUMEN

El desemperio confiable de un transductor de ultrasonido depende del correcto funcionamiento de sus elementos piezoeléctricos.
Sin embargo, diversos factores pueden afectar negativamente su rendimiento, en particular, aquellos factores fisicos que comprome-
ten la integridad estructural del transductor. Uno de estos factores es la diafonfa, que induce vibraciones espurias en los elementos
del transductor. Estas vibraciones no deseadas, generadas por ondas ultrasénicas, pueden causar gradualmente dafos microestructu-
rales. Este estudio introduce un enfoque novedoso al simular los efectos de la diafonia en la capa de soporte del transductor pie-
zoeléctrico. Comprender estos efectos es crucial, ya que el dano estructural suele ser progresivo y dificil de detectar, lo que puede
llevar a la falla o fractura de la capa de soporte. Analizar la interaccion entre la diafonia y el soporte del transductor, puede facilitar
disefios capaces de minimizar los dafos causados por la diafonfa. Ademas, la colaboracién con los campos de la ciencia de materia-
les e ingenieria puede mejorar el disefio y la fabricacion de transductores més eficientes y duraderos.

Descriptores: Matriz de transductores, crosstalk (diafonia), vibraciones espurias, simulacion.
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FINITE ELEMENT SIMULATION OF LATERAL WAVE PROPAGATION IN AN ULTRASOUND TRANSDUCER FINDING CROSSTALK EFFECT

INTRODUCTION

All ultrasound matrix transducers exhibit crosstalk, a
phenomenon that arises from the interference and inte-
raction of waves emitted and received by the piezoelec-
tric elements within the transducer matrix. These
interactions generate spurious waves originating from
other elements of the transducer (Guess ef al., 1995; Do-
minguez et al., 2011; Dominguez, 2015). During trans-
ducer operation, these spurious waves propagate in all
directions through the piezoelectric elements of the ma-
trix.

In transducer design, efforts are made to minimize
wave transmission toward the rear of the device by in-
corporating a backing layer. This is particularly impor-
tant when maximizing wave emission toward the front
face is a priority.

However, lateral vibrations are of particular con-
cern in this study, especially within the matrix of pie-
zoelectric elements, where spurious waves emitted by
all elements interact. Some of these waves collide with
the matrix structure, leading to structural failures, par-
ticularly in the backing layer joints and the fasteners of
the piezoelectric elements. Although these defects are
on the micrometer scale, structural damage accumula-
tes over time.

As a result, this progressive damage, combined
with crosstalk, can cause a significant shift in the output
frequency. Figure 1 illustrates an example of how late-
ral vibrations and spurious waves contribute to this da-
mage.

This structural damage leads to attenuation, as well
as alterations in the directivity pattern and power of the
emitted beam, ultimately affecting the transducer’s per-
formance in various applications. In the medical field,
for instance, beam precision is crucial for accurate diag-
nosis. Any errors caused by crosstalk can directly com-
promise the transducer’s performance and reliability.

lateral vibrations (mechanical crosstalk)

structure of the matrix array

Piezoelectric element

Figure 1. lllustration of mechanical crosstalk between
piezoelectric elements in a matrix

The vibration of piezoelectric ceramics upon excitation
is a natural mechanical effect. However, the spurious
waves generated by this vibration must be minimized,
as they can gradually cause structural damage and in-
tensify the crosstalk phenomenon. Addressing this is-

sue early in the transducer’s life cycle is crucial, as
structural damage, once present, leads to a further in-
crease in crosstalk.

From a research perspective, this damage is signifi-
cant, as it leads to a progressive decline in the
transducer’s performance. Various studies have propo-
sed solutions to mitigate crosstalk, including the use of
absorption materials or polymers (Zhou & Hossack,
2007; Yang, Cannata et al.,, 2012). Another approach,
particularly in medical equipment, involves correcting
the ultrasound signal through electronic filters or signal
processing techniques.

While these solutions can mitigate the issue, they do
not address its root cause. Instead, they merely conceal
the damage, delaying its detection and allowing further
deterioration of the transducer matrix structure. Since
spurious waves are inherently present during transdu-
cer operation, mechanical damage will inevitably accu-
mulate, further amplifying the crosstalk phenomenon.

This study analyzes the crosstalk phenomenon in
transducers, with a particular focus on its impact on the
backing layer. The novelty of this work lies in the use of
computer simulations to reveal crosstalk effects on the
backing layer, a critical component in piezoelectric
transducer design.

The significance of this research stems from the pro-
gressive nature of structural damage, which is often
difficult to detect and may go unnoticed until a fracture
occurs. By understanding the mechanisms of crosstalk
and its effects on the backing layer, it becomes possible
to develop more efficient transducers that minimize
this theoretically observed damage.

BACKGROUND

The interaction between mechanical and electrical
effects in a linear piezoelectric element is analyzed
using the finite element method (FEM). Key variables
in this analysis include the second-rank tensor of me-
chanical stresses (o), the second-rank tensor of mecha-
nical strains (S), the electric field vector (E), the dielectric
displacement vector (D), the fourth-rank mechanical
stiffness tensor for a constant electric field (CF), the se-
cond-rank permittivity tensor for constant mechanical
strain (&°), and the third-order piezoelectric tensor (e)
(Lerch, 1990).

Based on these variables, the constitutive equations for
linear piezoelectric media can be expressed as follows:

o=C'S—¢'E )

D=eS+¢°E @)
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Where the superscript T means transposed. The rele-
vant geometrical equations that relate the mechanical
strain S to the mechanical displacement vector u, and
the electric field E with the electric potential 0 are given
by:

S=1/2 (Vu+Vu')
@)

E=-V6 )

Where the Nabla symbol is used to denote both the vec-
tor VO (the gradient of scalar field 0) and the tensor Vu
(the gradient of the vector field u) (Gurtin, 1981). The
equation of motion for linear, force-free piezoelectric
media is given by:

Vo=p L ®)
ot

Where Vo represents the unique vector field such that
its scalar product with any vector a coincides with V:
(c'a) for every vector a, p denotes the mass density of
the piezoelectric medium and f represents time. On the
other hand, the electric behavior follows Maxwell’s
equation in the absence of volume charge:

V-D=0 (6)

Where V - D represents the scalar field defined by the
trace of the gradient of D, i.e. t#(VD). The Eq. 1 to Eq. 6
lead to a system of four partial differential equations for
determining the displacement vector u and the electric
potential 0. This problem can be computed by speci-
fying appropriate boundary and initial conditions. Mo-
reover, the elastic C, piezoelectric ¢ and dielectric &°
material functions satisfy the usual properties of sym-
metry and positivity, as outlined, for example, in the
work of Akamatsu & Nakamura (2002).

Furthermore, in the case of composite materials, as
illustrated in Figure 1, the equations must be satisfied
in each of the regions occupied by the piezoelectric fi-
bers and matrix. In such cases, interface conditions are
required on the discontinuity surface between matrix
and fibers.

In this work, we examine the continuity conditions for
mechanical displacements, electric potential, and both
mechanical and electrical fluxes, which are as follows:

[4]=0,[01=0, [0,]=0, [D,]=0 @)

Where [x] denotes the jump in the function x at the in-
terface, and n represents a unit normal vector to the dis-

continuity surfaces. Our objective is to utilize COMSOL
software to obtain the solution using the finite element
method (FEM).

The finite element discretization is performed by
defining nodal solution variables and element shape
functions over each finite element to approximate the
solutions of Eq. 5 and Eq. 7, as described by Lerch
(1990), as follows:

u,=N"-u 6,=N," -6 (8)

Where u_and 0. denote the displacement vector and the
electric potential, respectively, within the finite element
domain along the coordinate axes. N, and N, represent
the matrix of displacement shape functions and the vec-
tor of the electric potential, respectively. The applica-
tion of Hamilton’s variational principle in conjunction
with the finite element discretization yields the fo-
llowing coupled finite element matrix equation:

5ol ol S lEel e

Where:

M=[pN," N dV = mass matrix

D,, = mechanical damping matrix

K, =[S" ¢"SdV = mechanical stiffness matrix

K, = S"e'VOdV = piezoelectric coupling matrix
K,,=[VO" £VOdV = dielectric stiffness matrix

Additionally, F denotes the structural load vector while
Q represents the electrical load vector, both vectors in-
clude nodal, surface, and body charges. The integration
is performed over the entire finite element domain. A
detailed description of the derivation of Eq. 9 is provi-
ded in Lerch (1990). In practice, once these matrices
have been generated and the finite element domain is
specified, the software automatically recognizes all the
parameters involved in Eq. 9 and proceeds with the fi-
nite element solution.

METHODS, TECHNIQUES, AND INSTRUMENTS

In this study, the finite element method (FEM) is em-
ployed to design a structure organized as a square ma-
trix, as depicted in Figure 2. The analysis focuses on
structural damage and the propagation of a beam indu-
ced by spurious waves. The array comprises nine pie-
zoelectric elements fabricated from PZT (Lead Zir-
conate Titanate) and operating at 8 MHz. These ele-
ments are constructed using commercial-grade PI cera-
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mics (PI Ceramic GmbH, 1996) and are mounted on a
polymer base analogous to that used in commercial
transducers. The spacing between each ceramic ele-
ment is one-quarter of the wavelength (1/4 A), corres-
ponding to 0.5 mm.

The complete array (comprising both the base and
the piezoelectric elements) was built for experimental
validation against simulated results. However, the pre-
sent work focuses exclusively on the simulation of the
array, and the comparison between experimental and
simulated results is beyond its scope. The selection of a
nine-element array was motivated by its simplicity in
terms of physical construction and FEM design, and
this configuration is widely adopted in commercial
applications. For future research, we intend to investi-
gate alternative geometric configurations and evaluate
the effects of increasing the number of piezoelectric ele-
ments (Celmer & Opielinski, 2014).

In the finite element method (FEM) simulation, a
free oscillation mode is considered, with the base of the
piezoelectric ceramics fixed in place. This configuration
is adopted because the base is bonded to the array
structure, thereby enabling the observation of all inte-
ractions that occur when the elements are excited and
interact with one another. Table 1 (Carrino et al., 2018),
presents the physical and mechanical properties of the
piezoelectric ceramic employed in the FEM simulation
(Berlincourt, 1971).

0.5mm

A

—

f—4.2mm—

13.35mm

e 23.6 mm A

piezoelectric ceramics cavity

Figure 2. Structural design of the transducer array

To assess the influence of crosstalk within the matrix,
the FEM results were analyzed in terms of frequency
response. Additionally, the distribution of stress was
evaluated to determine the mechanical stress imposed
on the structure at critical points.

Table 1. Physical and mechanical properties of piezoelectric
ceramic PIC255

Physical properties

Density plK Jem’] 7.8
Curie temperature Te[°C] 350

Permittivity - eT/e, 1750

Permittivity L £, 1650
Dielectric loss factor Tand 20

Mechanical properties

K, 0.62

K, 0.47

Coupling factor K, 0.35
K, 0.69

K 0.66

d; [(107°C/N)] -180

Piezoelectric charge constants d,;[(107°C/N)] 400
d,s[(10°C/N)] 550

Piezoelectric voltage constants g,,[(10°Vm/N)] -11.3
25[(10°Vm/N)] 25

The tension observed in the structure may lead to struc-
tural failures. These failures are assumed to occur due
to the influence of waves emitted by the piezoelectric
elements, which induce sharp vibrations in the structu-
re. Consequently, shearing forces develop, progressi-
vely increasing the level of damage. Figure 3 illustrates
a typical failure in the array at critical points within the
mechanical structure, where vibrations and stresses are
most likely to cause structural degradation.

zoom array (fragment)

piezoelectric failure

ceramic
—

Ilsu‘ppq:rrl:
« material

piezoelectric ceramics

mechanical transducer support

Figure 3. Example of a typical mechanical failure in the
piezoelectric matrix when exposed to crosstalk waves
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RESULTS AND DISCUSSION

The results of the simulation are presented below. In
COMSOL software, key parameters such as frequency,
the number of piezoelectric elements, Young’s modu-
lus, and the excitation area were considered. In this
case, the excitation area was restricted to a hemisphere
to simulate the radiation pattern.

Figure 4 illustrates the mesh used in the FEM simu-
lations, highlighting the nine piezoelectric elements.
The mesh is refined in regions where the elements are
in close proximity, ensuring a more accurate solution
and an improved design analysis. This refinement en-
hances the precision of the interactions between ele-
ments, leading to the vibration of all piezoelectric
components and potentially causing structural failures
within the matrix. The key parameters used in the si-
mulation included a frequency of 8 MHz for each cera-
mic, the distance between the piezoelectric elements (as
shown in Figure 2), and the mesh type with refinement
in critical areas (as shown in Figure 3). Once these para-
meters were defined, an analysis range from 1 to 10
MHz was applied, along with the excitation signal
illustrated in Figure 5. This stimulus initiates vibration
in the ceramic elements.
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Figure 4. Finite element model of the analyzed PZT matrix

pulse of excitement

Voltage (V)

time (ms)

Figure 5. Excitation pulse used in the simulation

Figure 6 presents the resulting spurious vibrations in
adjacent elements due to the excitation signal. These in-
teractions lead to an increase in vibration modes, gene-
rating additional spurious vibrations. As shown in
Figure 7, this vibration results in the formation of lobes
extending in all directions of the piezoelectric ceramic.

Min:5.5278-11

Figure 6. Initial vibration in piezoelectric elements: response
obtained by FEM

Max:1.840 e-9
x10s

Min:3.75e-12

Figure 7. Oscillation of all piezoelectric elements with spurious
vibrations

Figure 8 illustrates the response resulting from interac-
tions between the generated spurious waves. As these
interactions accumulate, the transducer response beco-
mes increasingly chaotic, leading to performance de-
gradation and distortion, including a frequency shift.

Figure 9 presents the deterioration of the vibration
pattern as calculated by finite element analysis. The res-
ponse begins to distort due to stimulation from other
piezoelectric elements, with each element adjusting to
the new excitation and interacting again. Over time,
this continuous interaction alters the transducer’s res-
ponse, progressively affecting its physical structure.

Although this study did not primarily focus on the
phenomenon of crosstalk, which is already well un-
derstood, its main objective was to examine the impact
of spurious waves (generated by crosstalk) on the trans-
ducer structure and their propagation within it.
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Max: 1.407 -9

Min: 5.527e-11

Figure 8. FEM Analysis of the response to stimuli from coupled
piezoelectric elements
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Figure 9. Over time, the interaction intensifies, leading to a
progressive deterioration in the response

For this reason, the mechanical stress induced by the
waves emitted toward the structure is analyzed. As
shown in Figure 10, these waves propagate through the
narrowest part of the structure, specifically the material
separating the piezoelectric elements. A signal of consi-
derable amplitude is observed, which has the potential
to cause structural failure.

The magnified view in Figure 10 further illustrates
how spurious vibrations gradually affect the transdu-
cer, leading to failures that intensify over time and ulti-
mately compromise both the structure and performance
of the transducer.

Figure 11 illustrates the propagation of spurious
waves caused by the crosstalk phenomenon within the
transducer structure. This figure emphasizes the early
stages of failure, as the structure is primarily composed
of polymer, which, due to its inherent physical proper-
ties, is not expected to exhibit substantial oscillations.

Consequently, it is directly affected by the energy of the
spurious waves, which act as constant impacts. Over
time, these impacts weaken the support layer of the pie-
zoelectric elements, creating air gaps between the struc-
ture and the elements, thereby disrupting the radiation
pattern. Furthermore, these impacts diminish the me-
chanical integrity of the support layer, leading to frac-
tures that propagate and, ultimately, result in the
fragmentation of the structure. Such degradation can
lead to the loss of piezoelectric elements, significantly
diminishing the transducer’s performance.

| crosstalk presence
Figure 10. Waves that propagate through the structure causing

structural failures, the detailed view shows more clearly than
propagation

crosstalk eI

{

piezoelectric 8 piezoelectric
ceramic ceramic

{
@msstalk
!

Figure 11. Spurious waves that propagate in the transducer
structure, leaving visible the failure that occurs, the detailed view
of the propagation of spurious waves allows to better observe
said failure

Simulations conducted using FEM (illustrated in Figu-
res 6 through 11) revealed the presence of crosstalk in-
duced by lateral vibrations. The interaction between the
crosstalk waves and the transducer structure was
clearly observed, demonstrating how these interactions
can potentially impact the transducer’s performance.
This observation prompted further investigation into
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whether the lateral vibrations were causing damage to
the transducer. The simulations confirmed the interac-
tion between the piezoelectric elements of the transdu-
cer, which gives rise to the crosstalk phenomenon.

This interaction amplifies crosstalk, leading to the
generation of parasitic signals, which cause all elements
to radiate these signals over time. Figure 12 shows both
the main oscillation signal and the radiation of parasitic
signals. These parasitic signals gradually induce a fre-
quency shift in the main radiation signal, which may
increase as time progresses.

Qutput signal of the main piezoelectric element — ee——

The adjacentelement = asmss@m@mSss

1000

800 N

[
i ! \ ff\

Pressure (Pa)

-200 \ " -__1' '\ f’
-400 \ ]I ‘| ilﬁ \/
-600 \ / \ /

/ \

-800

time (ps)

Figure 12. Signal emitted by the central piezoelectric element
and the parasitic signals from each of the other piezoelectric
elements over time

While finite element simulations are useful for sugges-
ting the presence of the crosstalk phenomenon, they do
not fully capture its impact on the transducer’s perfor-
mance. The effect on performance is most evident in the
behavior of the main radiation lobe. According to
theory (Israel, 2013), the main lobe will be affected in
terms of amplitude, directionality, and operating fre-
quency.

Over time, these interactions cause mechanical da-
mage between the elements and their supports, poten-
tially leading to destruction, fractures, or shear cracks
within the array. The extent of this mechanical damage
has not yet been quantitatively determined, as this
analysis will be conducted in future work due to limita-
tions in the physical construction of the array and the
equipment required to quantify mechanical damage in
the piezoelectric elements.

To investigate the impact of crosstalk on the radia-
tion pattern, HP-Vee software (HPVEE, 2025), was used
to simulate the behavior of the beam emitted by the
transducer and its interaction with crosstalk. HP-Vee is
a powerful visual programming environment that
allows the development of programs by connecting
graphical objects, rather than writing lines of code. The

resulting programs resemble easy-to-understand block
diagrams with connections between them (HPVEE,
2025).

Figure 13 illustrates a segment of the HP-Vee beam-
crosstalk simulation, which incorporates key parame-
ters that directly influence the transducer’s performance,
including frequency (f), the number of piezoelectric ele-
ments (N), the separation distance between the ele-
ments (d), and the crosstalk factor (). These parameters
interact with one another, enabling us to visualize the
impact of crosstalk on the transducer’s radiation pat-
tern.

The simulation provided both visual and quantitati-
ve results, clearly demonstrating a direct relationship
between the crosstalk caused by the lateral vibration
modes and the emitted radiation pattern. This supports
the hypothesis that structural damage in the transducer
significantly impacts its performance.

] HP VEE - modelCROSSTALK vee: - oIEN
Fle Edt View Debug Flow Deice VO Dats Diplay Window Wep

Olslalal »lols (3518 -lelalsla] Al lel Llole] bk el

IS -

Ready

Figure 13. HP-Vee programming screen segment, used in beam-
crosstalk simulation

The following graphs (Figure 14) illustrate how crossta-
lk increases and its effect on the radiation pattern:

* It can be observed that the frequency does not shift
immediately. Instead, the shift begins once the ele-
ments of the matrix start to vibrate, and the lateral
waves begin to interact with each other.

e  When the crosstalk factor () exceeds a value of 2.5,
the main lobe is accompanied by a lateral lobe of
greater amplitude, which begins to compete with
the main lobe (radiation pattern), as shown in gra-
phs (g) and (h) of Figure 14.

® Mechanically, these oscillations (crosstalk) are one
of the primary causes of damage to the structure,
particularly to the backing layer of the piezoelectric
elements.

* Asshown in all the graphs, the frequency shift and
the appearance of multiple lobes occur at high va-
lues of crosstalk, leading to degradation in the
transducer>s performance.

* Additionally, it is evident that crosstalk directly
affects the radiation pattern, causing the formation
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of additional lobes and a shift in the frequency of Table 2. HP-Vee Simulation with 9 piezoelectri
the resulting beam. c elements and 0.2 mm separation
a (crosstalk) F [MHZz] A
Table 2 displays the values obtained from the HPVee 0 5 0.3
simulation, which were derived from the graphs shown 0.5 5 03
in Figure 14. These values will be used to assess both
& 1 493 0.3043
the time and the extent of the damage caused to the
structure 1.5 4.612 0.3252
2.5 4.557 0.3292
3.017 4.327 0.3467
3.127 4.098 0.366
3.141 3.969 0.3779

g 03

0.5292

9) h}

Figure 14. Representation of the results obtained from simulating crosstalk with HPVee. In each graph, it can be
observed how increasing the degree of crosstalk modifies the resulting radiation pattern. In graph a), the response is shown with no
crosstalk, and the crosstalk is progressively increased until graph h), where the radiation pattern is completely distorted
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As observed, the less compressible the material (in
this case, the backing layer of the piezoelectric ele-
ments), the faster sound is transmitted through it. Lon-
gitudinal mechanical waves propagate through the
transmitting medium as oscillations, generating com-
pression and rarefaction waves. Dense regions, where
molecules are tightly packed, are referred to as com-
pressions and correspond to areas of high pressure.
Conversely, regions with fewer molecules are known
as rarefactions and correspond to areas of low pressure.
These compressions and rarefactions alternate throug-
hout the medium, similar to how individual air parti-
cles oscillate back and forth in the direction of wave
propagation.

Ultrasound transducers that use piezoelectric cera-
mics are generally expected to have a long service life.
Although these ceramics age over time, their aging pro-
cess typically follows a logarithmic pattern. For instan-
ce, a parameter such as transducer capacitance might
change by 1 % from day 10 to day 100, and then by
another 1 % from day 100 to day 1000, and so on. Most
ultrasound equipment, including the transducers, typi-
cally has an average lifespan of approximately 10 years.

To explore ways to mitigate or reduce the degrada-
tion of the transducer structure, which can become frac-
tured over time due to continuous exposure to
ultrasound energy, it is important to consider the
material’s ability to absorb, attenuate, or divert this
energy. When the structure cannot effectively manage
these energies, it becomes vulnerable to damage. In this
case, the material used for the transducer is Rexolite
(Rexolite, 2025; Laminated Plastics Rexolite, 2017), a
thermoset, rigid, and translucent plastic produced by
crosslinking. One of Rexolite’s key characteristics is its
stable electrical properties. To assess the potential de-
gradation caused by the impact of ultrasound waves,
the acoustic impedance of Rexolite is examined. Acous-
tic impedance refers to the resistance a material offers
to the propagation of sound, and it can be defined by
the following equation:

Z=p v (10)
Where:

p = density of the material and
v =sound velocity

Considering the values for Rexolite (Laminated Plastics
Rexolite, 2017), we have: p=1.05 g/cm’, and v=236,220 cmi/s.

Substituting these values, we compute Z.

Z = (1.05)(236220) = 2.38031

Thus, Z is approximately 2.5 Rayl. From this, we can
conclude that the less compressible the material, the
faster the ultrasound is transmitted. Longitudinal me-
chanical waves propagate through the transmitting me-
dium as back and forth oscillations, producing regions
of compression and rarefaction. Acoustic impedance
represents the ratio between the magnitude of a perio-
dic action and the resulting response in the physical
system (the transducer). It can be thought of as the ratio
of waves propagating in a medium. This is represented
by the following equation:

Z =Dl (11)

Where v is the speed of ultrasound and P is the sound
pressure in the medium. Considering the associated va-
lues and substituting them into Eq. 11 with Z=2.5 Rayl
and v = 2362.2 m/s and solving for the pressure P exer-
ted on the material, we get:

P=2Z-v=(25)/2362.2) = 5905.5 dB

The acoustic impedance, therefore, is a function that va-
ries with frequency. A specific frequency (the frequen-
cy of oscillation) determinates the amount of pressure
generated by the wave. For the transducer we need to
determine the acoustic radiation impedance (Z,)
(Soufflé, 2011). Acoustic impedance is particularly use-
ful for this context and is given by:

Z,=7IA (12)

Where A represents the area of the vibrating surface,
and in this case, A is computed with the dimensions
presented in Figure 2. Similarly, we proceeded to subs-
titute the values, which resulted in:

A=(0.3mm) (4.2 mm) =1.26 mm*

So, the acoustic radiation impedance (Z,,) is calculated
using the vibrating surface.

59055

v =4686.91Rayls

This is interpreted as a significant amount of energy;
however, it is also crucial to consider the duration of
that energy. The literature generally defines the dura-
tion of an ultrasound pulse as ranging from 0.5 to 3 ps,
with the total duration period spanning from 0.1 to 1
ps. (O’Brien, 2007). Assuming a year has 31,536,000 se-
conds, and considering that a transducer in medical
applications is used at least 6 days a week such as in
cardiology, gynecology, digestive system specialties,
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vascular surgery, neurology, urology, rheumatology,
sports medicine, and other fields—ultrasound is typica-
lly applied for approximately 8 to 10 minutes per con-
sultation (De, Fuente et al., 2009; Diaz et al., 2007). In
perspective, although each pulse is brief, this prolon-
ged exposure to ultrasound energy, combined with the
mechanical stress exerted on the transducer, can gra-
dually degrade its structure. Over time, this degrada-
tion may manifest as microfractures, material fatigue,
or changes in acoustic properties, ultimately affecting
the transducer’s performance and lifespan.

Additionally, ultrasound in non-invasive imaging is
widely used for diagnostic and therapeutic evaluations.
For instance, hands-free 3D ultrasound is employed to
monitor the portal vein, a crucial aspect of assessing li-
ver and gastrointestinal function (Terada et al., 2020). If
the transducer sustains damage, it may lead to diagnos-
tic errors, potentially resulting in severe and irreversi-
ble harm to patients. Therefore, the impact of
Crosstalk-induced waves on transducer performance
must be carefully considered. While further research is
necessary, current findings suggest that Crosstalk does
not directly deteriorate the piezoelectric ceramics, gi-
ven their long lifespan. However, it compromises the
supporting structure, which, over time, may indirectly
lead to ceramic degradation.

In this study, FEM simulations were employed to
analyze the effects of Crosstalk on the transducer struc-
ture. One potential cause of this issue is the inadequate
attenuation capacity of the materials composing the
structure, which fails to mitigate the impact of spurious
waves. The simulations demonstrated that Crosstalk is
amplified when lateral-mode vibrations occur in the
piezoelectric elements. This intensified interaction bet-
ween elements induces interference, ultimately dimi-
nishing the transducer’s overall performance. As
illustrated in Figure 11, spurious waves propagate
through the transducer structure, and a detailed view
highlights the structural failures resulting from this
propagation.

CONCLUSIONS

This study conducted a comprehensive analysis of the
nature and effects of the crosstalk phenomenon on the
backing layer of a transducer. The findings confirm that
crosstalk contributes to structural damage, which can
be mitigated by incorporating absorption materials to
reduce its impact. Since physical contact between the
piezoelectric ceramics and the backing layer is unavoi-
dable, optimizing material selection is essential. While
the development of alternative materials and nanotech-
nology-based designs presents a promising avenue for

improvement, further research is needed to explore
their feasibility and effectiveness.

The findings of this study indicate that crosstalk,
particularly at the outer perimeter of the piezoelectric
ceramic interface, can cause significant interference
among transducer elements. This interference is not
merely an operational issue; simulation results that it
may contribute to structural failures, especially in the
backing layer. Over time, the cumulative effects of in-
creased crosstalk and the absence of adequate absorp-
tion materials could lead to fractures, compromising
the transducer’s structural integrity and potentially
rendering it non-functional.

Given these insights, further exploration of the me-
chanisms underlying crosstalk is essential to unders-
tanding its role in transducer performance degradation.
While the FEM simulations provide a strong founda-
tion for this hypothesis, empirical validation through
experimental studies is necessary to confirm these fin-
dings. This study highlights the need for a more in-
depth investigation into the crosstalk phenomenon,
emphasizing the importance of developing a compre-
hensive methodology to quantify its effects and assess
its destructive impact on the backing layers of transdu-
cers.

Future research should prioritize identifying effecti-
ve strategies to mitigate crosstalk, potentially through
the integration of targeted absorption materials, struc-
tural modifications or design enhancements that im-
prove the transducer’s overall resilience. Addressing
these challenges will contribute to enhancing transdu-
cer reliability and performance, thereby advancing the
field of piezoelectric devices.
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