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Scientific description:    
High performance thermoelectric materials require the combination of poor thermal 
conductivity with high electrical conductivity.  There are several strategies to create high 
efficiency thermoelectric materials. High performing materials, such as Bi2Te3 can be 
improved by: 1) increasing the electrical conductivity by doping or alloying to modify the band 
structure and hence carrier concentration and mobility 2) reducing the lattice thermal 
conductivity by creating lattice disorder and/or inclusions of a different material in the host 
matrix to increase phonon scattering i.e. by alloying or nanostructuring.  
 
Here we plan to investigate thermoelectric materials grown by molecular beam epitaxy. The 
advantage of thin film growth, which occurs far from thermodynamic equilibrium, is that it 
allows material combinations and structures to be investigated that may not be accessible by 
bulk crystal growth techniques. In particular, superlattices, consisting of stacks of different 
materials, provide a route to controllably manipulate the thermal conductivity, due to phonon 
scattering at the interfaces of the different superlattice layers, and to independently modify 
the electrical properties of the thin film by the possibility of charge transfer between different 
layers.  
 
Here we plan to investigate the thermal and electrical transport properties of superlattices of 
lamellar chalcogenides. The weak van-der-Waals bonds between layers relaxes the 
requirement for lattice matching or crystal structure matching normally required during 
epitaxial growth and should allow a large variety of material combinations to be investigated, 
providing an ideal test-bed for quantifying the band alignment and charge transfer between 
different layers and the phonon scattering at interfaces. 
 
Techniques/methods in use:  Molecular beam epitaxy, X-ray diffraction, transport 
measurements, thermoreflectance measurements 
 
Applicant skills:    Background knowledge of thin film growth, diffraction techniques, 
magnetism and optical measurements. 
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