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Oxide-based ferromagnetic two-dimensional electron gases 

Quantum oxide materials possess a broad array of physical properties such as ferromagnetism, 

superconductivity and/or ferroelectricity, that are in addition very sensitive to external stimuli such as 

electric field or light pulses. At interfaces between oxides, even more exotic phenomena can emerge 

[1], as epitomized by the two-dimensional electron gas (2DEG) formed at the interface between two 

band insulators, LaAlO3 and SrTiO3 (STO) or by depositing reactive metals such as Al onto STO. 

An appealing feature of STO 2DEGs is their Rashba spin-orbit coupling (SOC) [2], that couples the spin 

of itinerant electrons to their momentum and offers the possibility to generate spin currents by 

applying charge currents, and vice-versa. This makes it possible to use STO 2DEGs to detect magnetic 

information [3] or to manipulate magnetic elements by spin-orbit torques.  

In addition to their rich spin-orbit physics and their low-temperature superconducting character, STO 

2DEGs have sometimes been claimed to harbour ferromagnetism, despite the non-magnetic nature of 

STO. This behaviour would further expand the potential of STO 2DEGs for spintronics and provide 

opportunities for new emergent transport phenomena. 

 
For this internship, to be performed in collaboration between the CNRS/Thales lab and the Synchrotron 

SOLEIL (Cassiopée beamline) we propose to generate STO 2DEGs with robust ferromagnetism by 

combining STO with ferromagnetic materials. In particular, by growing Eu on top of STO, we expect to 

form an EuO/STO interface and achieve a ferromagnetic 2DEG [4]. After studying the 2DEGs by X-ray 

photoelectron spectroscopy, the intern will pattern the samples and study them by advanced 

magnetotransport experiments as a function of magnetic field, temperature and gate voltage, with 

special focus on gaining insight into the interplay between Rashba SOC and ferromagnetism. 
[1] Bibes et al, Adv. Mater. 60, 5 (2011) [2] J. Varignon et al, Nature Phys. 14, 322 (2018) [3] Vaz et al, Nature 

Mater. 11, 187 (2019) [4] Zhang et al, ACS Appl. Mater. Inter. 12, 28775 (2020) 
 

Internship supervisors:  Manuel Bibes (CNRS/Thales lab) / Julien Rault (SOLEIL Synchrotron) 
E-mail:  manuel.bibes@cnrs-thales.fr ; julien.rault@synchrotron-soleil.fr  

Website: https://oxitronics.cnrs.fr/ https://www.synchrotron-soleil.fr/en/beamlines/cassiopee 

Techniques/methods in use: Thin film deposition by MBE and sputtering; XPS and ARPES; magnetotransport 

Applicant skills: Strong affinity for experimental work, perseverance, good organization skills, electronics, 

condensed-matter physics 

Allowance:  >500 €/month   Possibility to extend by a PhD thesis: Yes 

Left: Scanning transmission electron 

microscopy image of a SrTiO3/AlOx 

sample. The sputter-deposited Al is 

oxidized at the interface with the 

SrTiO3, which generates oxygen 

vacancies, liberates electrons and 

forms the 2DEG in SrTiO3. Right : 

Elemental maps for the square area 

in the left image. Courtesy H. Okuno, 

CEA Grenoble. From Ref. [3] 
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