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Vortex physics in the overdoped state of High Temperature Superconductors 
 
 
RESEARCH PROJECT / RESEARCH GROUP DESCRIPTION: 
(2.000 characters – including spaces) 
 
Superconductivity is a macroscopic quantum phenomenon allowing for transportation of 
large loss-less currents by the formation of an electron-pairing (Cooper pairs) condensate at 
the energy ground state. High temperature superconductors (HTS) are strongly correlated 
systems, showing unconventional superconductivity and d-wave pairing symmetry, they need 
to be doped to be superconductors, being Mott insulators in the underdoped state. Disorder 
is a strong enemy for HTS, but if properly designed, it can be used as an outstanding source 
for vortex pinning, as we have shown in [1,2]. Nowadays, the international community 
fabricates HTS materials for high current energy efficient applications (high power cables, 
wind generators, electrical aviation) and large scale infrastructures (fusion, circular colliders, 
NMR beyond 1 GHz). 
The project aims at studying the physical properties of nanostructured HTS films grown from 
our recently developed transient-liquid assisted growth (TLAG) process [3], with special 
emphasis in the understanding of the strain-disorder vortex pinning mechanisms of the 
overdoped state. It will include the investigation of the correlation between the physical 
properties, processing parameter and the microsctructure of the films. We intend to explore 
the overdoped state, reaching the doping level of the quantum critical point, where the 
condensation energy, and therefore the loss-less current transport is expected to be 
maximum. 
We are an interdisciplinary and international group of researchers with interests in the full 
value chain, going from the fundamental understanding of materials preparation and physical 
properties to the integration of HTS in devices. We are internationally recognized, with 
experience in many EU projects (including ERCs) and we are board members of 
superconducting international associations. 
[1] J. Gutierrez et al, Nat Mat 6, 367 (2007) 
[2] A. Llordes et al, Nature Materials 11, 329 (2012) 
[3] L. Soler et al, Nature Communications 11, 344 (2020) 
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The job position is for one Doctoral (PhD) student in physics. The research will be centered on 
the study of superconducting properties of HTS nanostructured films prepared by TLAG with 
special focus at high magnetic fields and overdoped electronic state. It requires a strong 
background in condensed-matter physics and good experimental kills. 
The experimental work will include angular electrical transport techniques at high magnetic 
field (up to 16T) and low temperatures, SQUID magnetometry, and correlation with 
transmission electron microscopy images. Charge carrier density measurements, scanning 
tunneling spectroscopy and measurements of the density of states will complete the 
experimental work. It will require the use of lithographic techniques and work in clean room 
facilities. Short stays in synchrotron facilities will be promoted. 
The position requires: 
–Bachelor in physics and master in physics, nanoscience or related fields. 
–Good knowledge in Condensed Matter Physics 
–A high level of English. All working meeting are held in English 
–High motivation to experimental research. 
–Working aptitudes in a collaborative group. 
ICMAB Institute offers excellent conditions for PhD students, including: 

- a creative, world-class interdisciplinary research environment for fundamental 
and applied nanoscience state-of-the-art infrastructure for the preparation and 
characterization of nanostructured materials. 

- a highly regarded scientific education. 
- a strong international nanoscience network. 
- The PhD will be integrated in a very international group of PhD students and 

Postdocs with backgrounds in chemistry, materials science and physics of 
superconducting materials. 
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