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Abstract: This article describes the simulation and characterization of an ultrasonic transducer using a new material called Rexolite to
be used as a matching element. This transducer was simulated using a commercial piezoelectric ceramic PIC255 at 8§ MHz. Rexolite,
the new material, presents an excellent acoustic matching, specially in terms of the acoustic impedance of water. Finite elements
simulations were used in this work. Rexolite was considered as a suitable material in the construction of the transducer due to its
malleability and acoustic properties, to validate the simulations a prototype transducer was constructed. Experimental measurements
were used to determine the resonance frequency of the prototype transducer. Simulated and experimental results were very similar
showing that Rexolite may be an excellent matching, particularly for medical applications
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1. Introduction matching of energy from and to the means of

. transmission.
The good performance of a transducer is very . .
. . o . . . In accordance with the conditions of a narrow band,
important in all applications, in this case, the material . o )

] . . the matching is maximized when the thickness of the
that is used as matching plays a fundamental part, since . .
. ) . layer is equal to a quarter of a wavelength (or a multiple
if this material does not offer a good matching, the .

of a quarter of a wavelength) of the energy that is

transmitted (Fig. 1).
Research in the area of materials has progressed up

signal delivered by the transducer can be affected. The
transmitted energy between the ultrasonic transducer

and some means of transmission (e.g., blood in vessels ) ) ) )
) . . to the stage of getting new acoustic materials with an
or water) is maximized when the medium and the o o )
. acoustic impedance very similar to that of water, which
transducer have the same acoustic impedance. ] o
. . . ) helps perfectly in the transmission of energy between
Any impedance mismatch in the generation of
) these two means.
ultrasound causes that the generated energy is reflected o ) .
. The objective of this paper is to present a
back to the transducer producing lost or leaks due to the ) ] ) ) o
i newmaterial, which has acoustic properties similar to
absorption of the rear face of the transducer. A .
. . . L those of water [1-3]. The finite element method was
matching layer is a passive layer, which is added to the ) ) ] )
) . . used in the simulation to determine the performance of
front of an ultrasonic transducer in order to improve the ] ) )
the transducer constructed using Rexolite. Physical

properties of Rexolite may be found in the following
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Fig. 1 Quarter wavelength concept.
2. Materials and Methods

Simulations were made considering a thin layer of
the new material adhered to the top of the Piezoelectric
ceramic, this was excited to observe the response of the
ceramic, the Rexolite and both of them. All work was
developed using the finite element method. Table No.1
shows the physical properties of the Piezoelectric
ceramic PIC 255 at 8 MHz [6]. Within the simulation
work it is necessary to introduce to the program,
matrices that allow a better modeling, such matrices are
obtained from properties of the ceramics or even from
materials used in the construction of these kind of
arrays. Some of the parameters that are used to
construct such arrays, for example, the Young’s
module, Poisson’s coefficient, density, etc..

2.1 Piezoelectric Ceramics

According to previous work [1], the selected
piezoelectric ceramic was the PIC255 at S8MHz, which
has square shape and the following dimensions 4.3mm

x 4.3mm x 0.3 mm.
2.2 Acoustic Coupling Material (Matching)

As acoustic matching layer material, Rexolite 4422
was chosen, this material has an acoustic impedance
similar to that of the medium of propagation [7-9], so
there is a good transfer of energy between them.

Fig. 2 shows a photograph of the transducer with the
current Rexolite layer. In this figure, the Rexolite layer

used as an acoustic matching layer is shown, this

Ml,‘.’-—'

»
2

longitud de onda

material due to its acoustic properties is perfect to be
used in ultrasonic transducers since we can ensure that
there is maximum energy transfer through the
Rexolite.

The way in which this layer was mounted it was
placing a Rexolite cap on the transducer body and then
stick the top part using Cyanoacrylate, this part has a
notch that is attached to the soldering point allowing a
homogeneous adherence which produces a sealed

device with maximum energy transfer.

Table 1 Physical properties of the PIC255 piezoelectric
ceramic.

Material type PIC 255
Parameter | |
Physical and dielectric properties
Density p (g/em’) 7.80
Curie temperature T. (°C) 250
In the €337/ 2,400
polarization
Permittivity  |direction T
Perpendicular to £33 /€0 1,980
the polarity
Dielectric loss factor tand (107) 20
Electromechanical properties
k, 0.62
k; 0.53
Coupling factors ks, 0.38
ka3 0.69
kis -
ds 1 |7210
. . ao-c/
Piezoelectric charge constants  |d33 N) 500
dis -
3 -11.5
Piezoelectric voltage constants a1 (10
J:55] Vu/N) |22
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Fig. 2 Rexolite layer mounted on the transducer.

The characterization of the prototype transducer was
using an Agilent 4294 Impedance Analyzer to

determine the resonance frequency and to see the signal

waveform an oscilloscope Tektronik TDS420 was used.

The scan rate was from 4 to 10 MHz.

To obtain the value of the resonance frequency on an
experimental basis, the equivalent circuit (shown in the
Fig. 3) was replaced by the actual transducer, then a
function generator was used, varying the frequency up
to point of finding the minimum value of output
voltage (Vo) and hence, the lowest impedance of the
transducer, which is the resonance frequency. This

configuration is shown in Fig. 4.
3. Results and Discussion

Firstly, in Fig. 5 the results obtained in the
simulation of the piezoelectric ceramics using
COMSOL [10] are shown. Fig. 6 shows the impedance
of the simulated piezoelectric ceramic.

The frequency obtained in the simulation
corresponds to that of the ceramic (Fig. 6), comparing
these two values we demonstrate that the simulation
was correct. Now, continuing with the simulation, we
add to the ceramic a thin film of Rexolite, allowing the
understanding of the performance of the transducer
once the piezoelectric ceramic and the Rexolite are
bonded.

Fig. 7 shows the simulation of the piezoelectric
ceramic and the Rexolite layer, only a piece of the total

geometry is considered due to the fact that the simulation
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Fig. 3 Theoretical model and real transducer circuit.
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Fig. 4 Experimental set-up to find the resonance- frequency
of the transducer.
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Fig. 5 Simulation of the piezoelectric ceramic using the
finite elements method.
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Fig. 6 Simulated impedance of the piezoelectric ceramic.
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Ceramic

xle

(b)
Fig. 7 Simulation of piezoelectric ceramic with matching of

Rexolite. We present only a portion of the simulation. (a) the
response of ceramics and (b) layer Rexoite response.

process is simpler than when the whole geometry is
considered.

Fig. 8 shows the plot of the impedance, where it is
possible to see that there is a frequency shift and this
shift may be due to the thickness of the Rexolite layer,
however, previous work [3, 11] shows that the thickness
of the layer should not influence the acoustic matching.

Fig. 9 shows the simulation of ceramic and the
Rexolite together oscillating, here, it is posible to see
form of oscillation of both materials, as well as the
components of mechanical stress that are formed in the
Rexolite when the ceramic vibrates, it is important to
mention that energy transfer is from the ceramic
towards the Rexolite, although there is a good
matching, the mechanical resistance of the Rexolite
since the natural

causes a mechanical tension,

frequency of the ceramic does not correspond to that of

the Rexolite.
The way that responds the ceramic with a Rexolite

layer placed on it, produces a frequency shift as shown
in Fig. 10. Fig. 11 shows the maximum displacement
when there is a Rexolite layer, the resulting oscilation
is according to the thickness of the layer and it is very
clear to see the difference of oscillations when there is
and where there is not a layer. These results indicate

that it is necessary to correctly calculate the thickness
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Fig. 8 simulation plot of the resonance frequency of the
ceramic and the Rexolite Layer.
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Fig. 9 Simulation of the ceramic and the Rexolite layer
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Fig. 10 Frequency response of the simulation of the
ceramic and the Rexolite layer.
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Fig. 11 Simulation of the maximum displacement of the
ceramic and Rexolite layer.
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Fig. 12 Graphs represent( t)he response curves for the
prototype of the transducer, which resembled the oscillation
frequency thereof. (a) the impedance curve corresponding
to the (b) the phase response of the transducer.
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Fig. 13 Plot of the resonance frequency of the prototype
transducer.

of the Rexolite layer to ensure a correct vibration
frequency that serves for medical applications. To
ensure that the phenomenon of acoustic matching is
guaranteed in the simulation, we need that the common

borders are united and have the same properties.

The experimental results for the prototype
transducer are presented below.

Fig. 12 shows the response of the prototype
transducer when was analyzed using the impedance
meter. The value of the resonance frequency is
6.12452 MHz, this value is consistent with what we
expected since the resonance frequency of the
transducer must decrease due to the added Rexolite
layer, as well as to the welded electrodes which
produces a frequency shift. Despite this frequency
shift, the operation range of the transducer is more
than acceptable for our applications.

As already mentioned to obtain the value of the
resonance frequency on an experimental basis, the
equivalent circuit (shown in the Fig. 3) was replaced by
the prototype transducer, the result is shown in Fig. 13.
In this case the measured frequency was 6 MHz, this
value is not so accurate due to the resolution of the
oscilloscope, however, the measured value is quite close
to that measured using the impedance analyzer.

The simulation and experimental results are very
similar, this confirms that the transducer constructed
works properly and may be useful for our applications,
and also based on these results we can assure that the
performance of the prototype transducer is very close
to the simulated.

At last, it has been shown that the design and
construction of ultrasonic transducers using the method
described in this paper are a fact, providing a reliable

tool for future applications.

4. Conclusions

The simulations presented in this work allowed us to
determine the performance of the ceramic by itself and
that of the ceramic with the Rexolite layer. It has been
demonstrated that there is a shift in the resonance
frequency when the Rexolite layer is taken into account;
this is basically due to the thickness of the Rexolite
layer used in the simulation. Eventhough there are

results in previous works that show that Rexolite offers
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a good acoustic matching regardless of the thickness; it
is recommended in the process of construction of a
transducer that the layer is as thin as possible to ensure
that there is no attenuation. Based on the results it is
possible to ensure that the performance of a prototype
transducer may be well predicted using the finite
element method.

Although the shift in the resonance frequency
indicates that it must be necessary to use ceramics at a
higher frequency, so that the prototype transducer has a
closer resonance frequency to that of the simulation (8
MHz), overall results showed that the experimental
resonce frequency is good enough for our applications
at both the respective acoustic laboratories in
Polytechnic University of Madrid and the National

Autonomous University of Mexico
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