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The massive development of wireless communications, for mobile telephony but also between 

connected objects (Internet Of Things - IoT), requires (i) the miniaturization of components and (ii) the 

reduction of electromagnetic losses in order to increase the complexity of high-frequency integrated 

circuits and improve their performance. The integration of soft magnetic material with optimized 

properties can contribute significantly to these two objectives but faces technological issues [1] 

  

The objective of the thesis is to develop soft magnets using the so-called "bottom-up" approach, which 

consists in assembling nanoparticles to obtain a new material with optimized properties (Fig. 1a). As 

part of the LPCNO-LAAS collaboration started in 2017, we have developed a generic method to 

fabricate 3D magnets from the directed assembly of nanoparticles under magnetic field [2]. This 

process is based on magnetophoresis and leads to dense assemblies of nanoparticles directly 

integrated onto the substrate. It thus allows the custom fabrication of sub-milimeter size materials 

(Fig. 1b). 

 

Figure 1. a) Schematic 

view of the phD project. b) 

Optical image of a 

nanostructured magnet 

prepared by 

magnetophoresis, c) 

Scanning Electron 

Microscopy image 

evidencing the assembled 

nanoparticles within the 

material. [2] 

 

 

As the final properties of the material result from both the intrinsic properties of the nanoparticles and 

the magnetic interactions between them, the thesis will focus on the fabrication and the multi-scale 

characterizations of the magnetic material in order to : 

- Optimize the intrinsic magnetic properties of nanoparticles obtained by chemical synthesis, 

by playing on the size, shape and composition of the particles. 

- Tune the magnetic interactions between particles, by modifying the physicochemical  

properties of the particles. 

- Determine the electromagnetic properties of the materials thanks to a dedicated test cell  

and a proper modelization. 

- Fabricate compact 3D inductive solenoids and 3D transformers decorated with soft magnets. 

These demonstrators will be realized in the LAAS clean room and supported by simulations. 

 

The phD student will develop skills in materials characterization (X-ray diffraction, magnetic 

measurements) micro-fabrication, RF electrical measurements, electromagnetic modeling and, if 

desired, chemical synthesis. 
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