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Introduction

Multilayered ultrasound transducers are a promising 

alternative to classic single layer technology. The 

individual layers are operating electrically in parallel and 

acoustically in series. Based on the number of layers, N, 

the maximum impedance amplitude registers a decrease 

by a factor of N2 while the maximum displacement 

increases by N. This translates into a better electrical 

impedance match between the electrical circuitry and the 

transducer elements that improves the sensitivity. In this 

context, the present work investigates the influence of non-

uniformly thick individual layers onto the electrical 

impedance amplitude, displacement vectors, vibration 

modes and corresponding coupling constants. 

Method

The multilayered transducers were constituted out of three 

individual layers. Two piezoceramics were considered: 

Motorola 3203HD and 3257HD with backing and kerf filler. 

As reference, single layer transducers were analyzed. 

Frequency domain analyses of a single multilayer element 

with uniform and nonuniform layers thicknesses and 

similar piezoceramic were performed using ANSYS 10.0 

Multiphysics (Figure 1). 

Results

Figure 1. Description of  the multilayered transducer model

Figure 2. Electrical impedance amplitude (left) and normal displacement 

vector (right) frequency variation: comparison between single layer and 

three uniform thickness piezoceramic layers

Figure 3. Electrical impedance amplitude (left) and normal displacement 

vector (right) frequency variation: influence of different thicknesses onto the 

even harmonics (I, II,III,IV – fundamental, 2nd, 3rd, 4tth harmonics)
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Figure 4. Coupling constant variation for fundamental, 2nd and 4th

harmonics: circle – fundamental, rhombus – 2nd harmonic, square – 4th 

harmonic  

Conclusions

In the case of a multilayered acoustical stacks, different 

thicknesses of the constitutive piezoceramic layers determine 

the appearance of the even harmonics in the impedance 

frequency spectra that have thickness dependant coupling 

constants.
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