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Physics of next generation NanoMagnetic Memories

Résumé:
Spintronics is a rapidly growing field of solid-state electronics that aims to take advantage of the spin  
degree of freedom of the electrons, in addition to their charge, as a way of implementing new analog and 
digital electronic functions. The physical phenomena underpinning spintronics are: (i) Magnetoresistance, 
i.e. the strong dependence of the electrical resistance on the magnetization orientation in multilayers; (ii) 
Spin-transfer torques, i.e. the fact that spin-polarized electrical currents can be used to manipulate the 
magnetization of nanoscale magnetic systems. Both effects are widely used in commercial products such 
as hard disk drives,  and forms the basis  of an emerging technology called Magnetoresistive Random 
Access Memory (MRAM), which combines energy efficiency with high speed performance and strong 
reliability.
The success of MRAM relies on the capacity to engineer devices in accordance with industry roadmaps 
concerning performance speed (today ~30 ns) and further miniaturization (today ~ 70 nm). To achieve 
this goal, IMEC (Brussels area) is investing in a dedicated 300-mm wafer platform to explore the full 
technological  potential  of  MRAM,  with  the  aim  of  pushing  performance  to  ultrafast  regimes  and 
scalability to 1X technology nodes for embedded and standalone applications. In this context, smarter 
magnetic materials must be developed while  taking into account  the complex interplay between spin 
transport, magnetization dynamics, material properties, and the necessarily complex geometry associated 
with advanced spintronic devices.
The subject of the proposed four-year PhD project is to develop new MRAM cells to meet the challenge 
of future technologies. The cells will be developed at the IMEC MRAM pilot line and characterized at the 
Institut  d'Electronique  Fondamentale  (Paris  area)  using  high-frequency  magneto-electrical  methods, 
including  high-frequency  switching,  analysis  of  spin-wave  related  noise  in  confined  geometries  and 
ferromagnetic resonance. 

Qualités du candidat requises : Highly motivated candidate with strong background in solid state 
physics and materials science. Good knowledge of English required, as project involves research partners 
in Europe. The PhD student will spend 10-20% of his time at IMEC (Belgium), and the remaining time in 
Orsay.
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