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Introduction

The Beekman group finalized the installation of the thin film growth facility in the Fall of 2015. The group’s current focus is on strongly correlated electron systems, which are of interest because of their extreme sensitivity to minor changes in the crystal lattice. Using thin film growth we can engineer the lattice structure of these oxides via epitaxial strain with the intention of tuning the many competing interactions in these materials. For example, we investigate how changes to the crystal lattice (applied via epitaxial strain) and how dimensionality affect the properties of frustrated magnetic systems[1] and systems that exhibit unusual band structures and topology[2,3].  The group is currently pursuing several projects, most notably,

1.  Frustrated magnetism in pyrochlores: controlling frustration in pyrochlores by imposing epitaxial strain. The geometrical frustration in these materials is directly linked to spin ice formation and the emergent novel magnetic monopoles that are expected within this class of materials. We have started to probe the structural and magnetic properties of pyrochlore titanate thin films from which we will learn how minute changes to the lattice affect the magnetic frustration, the spin ice state and the monopole density.

2. Growth and characterization of strongly correlated insulator thin films for optical spectroscopy measurements. In collaboration with Efstratios Manousakis(FSU, Physics) and Stephen McGill(NHFML) we have proof of principle that impact ionization (multiple exciton generation) occurs in small bandgap strongly correlated insulators like VO2 as previously predicted [5,6]. We continue to investigate other strongly correlated materials to systematically uncover the charge dynamics behind this process and to try to harness the generated carriers for applications.  

3. Characterization of the Weyl semimetal state in pyrochlore iridates. We will investigate the properties of the Weyl semimetal state and its fermiology in high magnetic fields.
Experimental

The Beekman group has a pulsed laser deposition (PLD) system, a technique that is widely used for the growth of high quality epitaxial thin films of complex oxides. The system was brought online in the Fall of 2015 and is producing high quality complex oxide thin films of various materials. In this technique pulses of an excimer (wavelength: 248 nm) laser are focused on a pressed pellet of the material of interest, which is mounted in a chamber under continuous flow of a process gas such as oxygen or argon. The heating of the target due to the laser spot results in the formation of a plasma plume containing target material species. The plume is directed towards a substrate which is mounted on a heater and kept at constant temperature usually in the range of 600 – 1000 °C. This technique is also extremely well suited to alloy materials (mixing using multiple targets) and to grow complex multilayers of different materials. Hence, investigation of emergent behavior at interfaces between complex materials is within our capabilities. The group recently bought an in-situ analysis tool RHEED (reflection high energy electron diffraction). This tool will be installed in Jan/Feb 2016 and will allow us to monitor film thickness and surface quality during growth.
Results and Discussion


We have grown our first successful films, both Ho2Ti2O7 (project 1) and LaVO3 (project 2) film growth recipes have been determined. Structural, magnetic and optical properties measurements are underway. 
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