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Abstract

The general topic of this work is the development of a useful tool for designing and
performance optimization of thermoelectric micro-generators (µTEGs).

Introduction: 
A µTEG is a device able to generate an electric potential when it is exposed to a temperature
gradient due to the thermoelectric Seebeck effect [1]. To fabricate high efficiency µTEG, it is
necessary not only to achieve thermoelectric material structure with excellent properties, but also
to design the optimal geometry of the µTEG itself [2,3]. For this reason prediction of
thermoelectric performance parameters by numerical methods is an inherent part of µTEG
development and allows for time- and cost-saving assessment of material combinations and
variations of crucial design parameters such as shape, TE material length/width and thermal
coupling. Considering the complexity of a µTEG devices and its numerous affecting factors, the
clarity and the flexibility of a mathematical treatment comes to the fore. Over the last decade,
several approaches based on commercial finite element modeling (FEM) software has been used
to analyze the performance of µTEGs [3,4].

Use of COMSOL Multiphysics®: 
In the present work, it will be shown an innovative methodology to design high performance
µTEGs, joining the power of multi-physics simulation [5] with the modern optimization approach
of genetic algorithms [6, 7]. It's based on software interaction between COMSOL
Multiphysics® and MATLAB® and it allows to perform:
• finite element numeric device simulation 
• architecture design and geometry device optimization 

COMSOL Multiphysics® is used to simulate the device by means of a set of specific
thermoelectric equations in order to predict the available electric power density [5]. A device 3D
model has been implemented in a suitable parametric form enabling to evaluate the impact of
various geometric configuration and different materials.



During the optimization process implemented in MATLAB®, COMSOL Multiphysics® is
invoked at every step of the genetic evolutionary process in order to evaluate the physics
performances of each set of parameters, and in particular to compute the electric power density
generated by the device (the genetic algorithm fitness function).

Results: 
The main result of this paper is a multi-objective optimization tool: it's a very powerful instrument
that helps scientists to automatically find the best parameters of their models. Computational
effort depends on the number of variables and on the desired accuracy level. This methodology
has been applied for devices performance optimization within an industrial research program
focused on the development of µTEGs based on innovative proprietary materials. Here it will be
described the use of the tool on a simple case study geometry of a µTEG by using literature
values of the physical variables of the thermoelectric material that cannot be given for
confidentiality reasons. 

Conclusion: 
This tool can be applied in a very wide range of complex problems, to simulate, optimize and
improve system design especially when numbers of parameters and constraints increase.
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