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CONTRATOS PREDOCTORALES 2020 SEVERO OCHOA 
 
 

PROJECT TITLE / JOB POSITION TITLE: 
 

Exploring spin-orbit torque (SOT) physics in all-oxide heterostructures 

 
 
RESEARCH PROJECT / RESEARCH GROUP DESCRIPTION: 
(2.000 characters – including spaces) 
 

Spintronics exploits both charge and spin degrees of freedom of electrons to enhance 
functionalities of conventional electronic devices. An important improvement of spintronics is 
the electrical manipulation of the magnetic moment of a ferromagnet (FM) through spin-
transfer torque (STT) in which a spin-polarized charge current is utilized to change the 
magnetic orientation of a ferromagnet. The basic component of a STT device is the magnetic 
tunnel junction (MTJ) which consists of an oxide tunnel barrier sandwiched between two 
ferromagnetic layers. However, in STT-based memory devices charge current to write tunnels 
through the insulating oxide barrier and a large write current density can lead to the 
breakdown of the oxide insulating barrier. Additionally, a charge current is used to read the 
state of the MTJ, using tunneling magnetoresistance (TMR), and the coupling of the read and 
write current paths can lead to accidental switching of the magnetic states (read disturbance). 
The shortcomings of the STT technique can be overcome by using the spin-orbit interaction, 
i.e spin-orbit torque (SOT), to electrically switch a FM. The SOT technique utilizes the spin-
orbit coupling (SOC) to generate a spin current and have advantages over STT in terms of 
reduced power consumption and faster device operation. A typical SOT device is composed of 
a bilayer consisting of a FM and a non-magnetic material (NM) capped by an oxide. A charge 
current circulating through the NM layer generates a transverse spin current density at the 
bilayer interface due to SOC effects at the bulk of the NM and/or the interface of NM/FM. 
This spin accumulation at the interface exerts a torque on the magnetization of the FM able 
to switch its magnetization. The SOT writing scheme can be easily combined with the TMR 
based reading scheme to construct a SOT-MRAM cell allowing for a better device design 
margins and stability. 
This project is aimed to explore SOT physics in all-oxide heterostructures which can be further 
applied to design ultrafast and power-efficient spintronic devices. The research of the host 
group is focus on spin pumping and spin-charge interconversion effects in all-oxide hetero 
structures. 
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JOB POSITION DESCRIPTION: 
(2.000 characters – including spaces) 
Include all the relevant information about the position, role, responsibilities and skills required within the 
project/group 

 

The position is intended for a graduate student in experimental Physics or Materials Science. 
The candidate will develop different tasks regarding preparation and characterization of 
samples and the study and interpretation of experimental results in order to accomplish the 
goals of the project, i.e. to explore SOT physics in all-oxide heterostructures. The candidate 
will be responsible of the preparation of the samples and their characterization and will also 
be on charge of the realization of different experiments for SOT study and analysis. The 
candidate will receive a complete formation regarding thin film growth by sputtering and 
structural characterization using x-ray diffraction and scanning probe microscopy techniques. 
He/She will also acquire a solid background on the characterization of magnetic and 
magnetotransport properties of materials and on ferromagnetic resonance (FMR) 
spectroscopy.  
 

 
GROUP LEADER: 
 

Title: Prof.  
Full name: Benjamín Martínez Perea 
Email: ben.martinez@icmab.es 
Research project / Research Group website: https://acnm.icmab.es/  
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