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1. Introduction

Rosen studied the first piezoelectric transformer. Since that time several structure was proposed using principally ceramic materials [1-3]. However, all these structures were based on Rosen work. The interest of the piezoelectric transformer is to propose new components for new applications were classical magnetic transformer cannot be used, particularly when the small size is required or when high electromagnetic field is present. We have studied a new type structure adapted to piezopolymer of the family of PVDF. Piezopolymer are lossy materials, and the Rosen type transformer is not adapted to PVDF because the voltage ratio will often be lower than one. We proposed to use the PVDF in transverse mode and have several secondary connected in series.
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Figure 1 :Principle of the transformer

2. Modelling

The structure of the proposed piezoelectric transformer is represented in figure 1. It is made of on primary and several secondaries. The regions for each active part are determined by the upper and lower electrodes deposited on each face of the plate. All active parts, i.e. electrodes, are separated by a region of PVDF without electrodes. This 

must be taken into account for the model of the next paragraph. 
For the each active part of the piezoelectric plate we use Mason's model (figure 2) [4] and for the non active zones, propagation lines (figure 3). A transfer matrix joining the force and the speed of displacement on one end to the same parameters of the adjacent zone represents each part of the material.
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Figure 2 : Mason Model for transverse mode
en-1 and en are mechanical forces
in-1 and in are mechanical displacement speeds

e3n and i3n are electrical input for the primary and output for the secondary
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Figure 3 :Model of a transmission line for non active mechanical zone
A matrix represents each cell of PVDF, active and non-active, and the transformer is then described using mathematical properties of matrix by a single matrix as represented in figure 4 [5]. This model allows the determination of the output voltage Etotal of the transformer when the secondaries are connected in series.
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Figure 4 :Model of a the transformer

The PVDF is a material with strong losses; these are introduced in dielectric constant (1) and elastic constant (2) [6]: 
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where   and  are the dielectric and the mechanical loss factors respectively.
To estimate the losses, we previously measured the electric impedance of a free PVDF plate with a network analyser. Then, using Mason's model, the values of (33 and ( versus frequency are estimated.

3. Calculus

Using the model presented in the previous section, we have calculated the output voltage with Matlab. The results are obtained for an excitation voltage of 1 V. 
Table1
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S1,S2,S3,S4 – first, second, third, fourth secondary element.
Fres1 – first resonance frequency; 

Fresn – frequency of the resonance with maximal output voltage.
Etot1 – output voltage at Fres1; Etotn – output volt age at Fresn.

The thickness of the transformers is 110(m We have also calculated the mechanical resonance frequencies for different dimensions of PVDF and actives parts. The results are in the table1.
4.Conclusion

The obtained results allow the possible realisation of transformer. The new type proposed here offers the possibility of modifying the turn ratio of the transformer by adding secondaries to obtain the desired output voltage. These results will be now compared to other computation using a 3D finite element software ATILA. This will be done to verify in three dimensions the mechanical and electrical behaviour. Especially, the electric field inside the PVDF must be studied to improve the dimension end the position of the active parts. Then the first realisation will be done using microelectronics techniques to etch the electrodes on both sides of PVDF.
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