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Energy harvesting at the microscale

Improving energy efficiency and cutting greenhouse emissions have been the main motivation of the last two 
decadesi ntense research activity in the field of caloric materials. The research of new solid state cooling 
devices has been focused on bulk magnetocalorics (MC) with a particular emphasis on efficiency. Recently  a  
growing  interest  in  energy  harvesting applications with some emphasis on the micro and nanoscales has 
triggered a paradigm shift towards the research of higher power output. In this context, high throughput 
thermogeneration  at  the  micro-scale  requires  relatively  thick  films and a reduced thermal influence from the 
substrate. Here, we propose to construct an efficient device to produce electric energy from a temperature 
gradeint, similarly to thermoelectric devices.  
The projecto focuses on FeRh films as an active substance in a MEMS scale thermal energy harvester. FeRh 
looks as a promising material with respect to the state of the art in the domain. Finite time thermodynamic 
calculations show that using a caloric material with a first order transition offer many advantages in term of 
efficiency and power output . Moreover FeRh is known to show multicaloric effect (i.e. mutually entangled baro 
and magneto caloric effect) and this offers some intriguing opportunities to overcome and even to take 
advantage of the presence of non-equilibrium phenomena like hysteresis.  
The originality of our approach relies on the fact that we shall address the power/efficiency trade-off from a 
fundmantal thermodynamic standpoint, using it as an imput to design the active material, the device, and their 
thermal and dynamic coipling.  
The PhD student will be in charge of the production and the characterization of FeRh magnetocaloric thin films 
with optimized properties (in clean room and at lab). He will participate to the design and the integration of an 
optimized mechanical to electrical energy conversion transducer, in collaboration with a multidisciplinary 
consortium. 
In order to properly tackle these issues we shall need a reliable model of the material behaviour relying on a 
Landau or even a Ginzburg-Landau approach taking into account the interplay between magnetic and structural 
degrees of freedom. At the same time the equation of state of the material will be used in a finite 
time-thermodynamic model  in order to work out the optimal properties allowing to manage the trade-off 
between maximum power and efficiency of an energy harvester working on a specific thermodynamic cycle. 


