
 
 

 

   
 

 
 

PhD thesis project 

Exploring and controlling curvature-induced 
non-reciprocity of spin waves 

_______________________________________________________ 
General Scope:  

3D nanomagnetism is a fast-rising field of research, with new physical effects arising from 
topology, enhanced magnetostatics and curvature. Among others this applies to spin waves, the 
excitations of magnetic systems whose propagation has been proposed as a means to transport 
information. The PhD project concerns the experimental investigation the non-reciprocity of spin-
wave propagation that has been predicted to occur due to curvature. 

The project will be conducted in a team of experimentalists and theoreticians from two 
laboratories in Grenoble and with international collaborations, working collaboratively on 
fundamentals to applied spintronics.  

PhD Subject:  

As a prototypical 3D nanomagnetic system we will consider cylindrical magnetic nanowires, 
typically 100-200nm in diameter. Not only are these a textbook situation for understanding 
physics, owing to their rotational and translational invariance, but cylinders are also the natural 
structure arising from (vertical) interlayer “vias” in microelectronics and “pores” in self-organized 
porous media obtained by chemical means. Through preliminary experiments, we hinted at a giant 
non-reciprocal effect existing in specific types of wires, i.e., the non-symmetrical dispersion curves 
with different speeds and periods for left- and right-propagating waves. The PhD project intends 
to reach two objectives: (1) Evidence, fully characterize and analyze the dispersion relation of 
these peculiar spin waves (2) Design, fabricate and measure the spin waves in planar strips in 
which a physical phenomenon analogous to curvature can be realized via spintronic stacks. This 
would open the door to investigating more complex and practical situations, such as branching of 
circuits with a view to split or combine spin waves and possibly open the door to create logic gates.  

The experimental approaches include the chemical synthesis of nanowires, their electrical 
contacting in clean room, patterning of circuits of nanostrips out of spintronic stacks, electric 
characterization. The spin waves will be characterized spectroscopically using microfocused 
Brillouin Light Scattering, and advanced magnetic imaging in the lab (e.g. electron holography) 
and at synchrotrons (e.g. transmission X-ray microscopy and ptychography), to provide spatial 
resolution down to 10 nm and time resolution down to 50 ps or better. The work will be conducted 
in tight collaboration with theoreticians in the team, both to explain experimental results and to 
guide further experiments and research directions. 

Required Skills:  

• Robust background in condensed matter physics in general, if possible incl. magnetism. 

• Scientific curiosity and a taste for experimental challenges 

• Ability for team work, with autonomy but reporting-oriented 

Laboratory: SPINTEC. Collaborations with Complutense Madrid and Institut NEEL. 

PhD Supervisors:  
• Olivier FRUCHART, olivier.fruchart@cea.fr (PhD advisor) 

• Aurélien MASSEBOEUF, aurelien.masseboeuf@cea.fr (co-advisor)  
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