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PHYSICS AND MATERIALS SCIENCE RESEARCH UNIT (PHYMS) 

 
Objectives 
 
PhyMS comprises: Physics of Advanced Materials LPM, Soft Condensed Matter 
Physics TSCM and Photovoltaics LPV. Its main goals are to perform fundamental 
research in physics and to build bridges between teaching and research. 
 
LPM is interested in tailoring the functionality and generating self-organization of 
polymers by manipulating the molecular structure, inducing internal and external 
interfaces and influencing the thermodynamic state. The NanoMagnetism group 
employs and develops neutron-scattering techniques for studying the impact of 
internal interfaces and the consequences of crossing length scales on the magnetic 
properties of nanomagnets.  
 
TSCM, the group for Theory of Soft Condensed Matter, was built up in 2010.  The 
topic of research is the development and application of computer simulation methods 
to solve problems of statistical mechanics and predict materials properties. 
 
LPV (LPV1 and LPV2) develops new processes for thin film solar cells from 
chalcopyrites and kesterites, aiming at low cost and high efficiency. Fundamental 
semiconductor physics of theses novel materials are investigated by a variety of 
opto-electronic methods.  
 
Head 
Roland Sanctuary, associate professor, head of LPM, head of research unit, study 
director  
 
Academic staff  
Jan Kristian Krüger, invited professor 
Massimo Malvetti, professor, adviser to the rectorate 
Robert Mayer, lecturer 
Tanja Schilling, professor, head of TSCM 
Susanne Siebentritt, professor (TDK Europe professorship), head of LPV 
 
Phil Dale, ATTRACT fellow 
Andreas Michels, ATTRACT fellow 
 
Massimiliano Esposito, ATTRACT fellowship granted 2011 
 
Other staff 
 
9 post-docs, 23 PhD students, 3 scientific support staff members, 3 visiting scientists, 
5 technical support staff members, 2 secretary positions 
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Main results 
 
LPM-Polymers 
In the framework of the CORE project SIMOP, interphases in epoxies and rubbers 
near the contact area to nanoparticles, thermoplastics, porous glasses and structured 
Teflon surfaces were studied. Flow induced structure formation in semi-crystalline 
polymers were in the focus of a further CORE project POLYSHEAR realized together 
with the TSCM team. Another part of LPM’s activities together with partners at the 
TU-München evidenced self-organization phenomena in polymers: non-equilibrium 
phase transitions competing with underlying equilibrium phase changes were in the 
center of interest. 
 
LPM-Nanomagnetism  
A micromagnetic model for the neutron spin-flip scattering cross section of 
nanomagnets was developed. The theory was successfully tested using magnetic-
field-dependent neutron data of nanocrystalline cobalt. Together with collaborators 
from Jena, Germany, a micromagnetic software tool was developed, which allows to 
compute the magnetic neutron scattering for a wide range of 3D bulk magnets. The 
approach bears great potential for future work. Results of polarized neutron research 
has been summarized in a review article for Neutron News. Laboratory infrastructure 
was built up.  
 
TSCM 
The TSCM group continued their work on percolation in colloidal composites in 
collaboration with the Technical University of Eindhoven and the University of Mainz. 
The work on crystallization in hard spheres was extended to the case of heteroge-
neous nucleation. And a code was implemented and tested to simulate the 
crystallization behaviour of undercooled polyethylene melts.  
 
LPV 1 
The record efficiency for kesterite solar cells was improved to 6.9%. One of the major 
problems of kesterite solar cells in general, the high series resistance, was solved. It 
was shown, that the Cu-excess in one the standard processes used for the 
preparation of CIGS solar cells, the three-stage process, leads not only to larger 
grains, as was previously thought, but also to an improved electronic quality, 
characterised by lower recombination of photogenerated charge carriers. Additionally 
it was demonstrated, that Cu-rich absorbers show less bulk recombination that Cu-
poor absorbers. 
 
LPV 2 
A new route to make kesterite (Cu2ZnSn(S,Se)4) semiconductors using only Cu and 
Zn based precursors was shown, with the finished devices having a modest 
efficiency. The inadequacy of XRD and Raman techniques for distinguishing phases 
in the kesterite system was evidenced. The first ever pn junction solar cell was 
prepared from the p-type material Cu2SnS3, with the finished device showing good 
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current collection. Kesterite formation from metal stacks was shown to follow 
thermodynamic considerations. Single crystalline selenium nanorods were 
electrodeposited from an ionic liquid.  
 
 
 
 
Publications 
 
Publications in 

- in refereed journals: 31 
- in refereed conference proceedings: 3 
- in other conference proceedings: 1 

Book chapters: 2 
 
 
Links 
 
https://publications.uni.lu 
http://wwwfr.uni.lu/recherche/fstc/physics_and_material_research_unit 
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