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Introduction

Our focus is on strongly correlated electron systems and frustrated magnets. 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. 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[1] 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. Using the SCM1 we have begun mapping out the low temperature - magnetic field - strain phase diagram of the spin ice material Ho2Ti2O7. 
2. Growth and characterization of strongly correlated insulator (SCI) thin films for optical spectroscopy measurements. In collaboration with Efstratios Manousakis(FSU, Physics) and Stephen McGill(NHFML) we have found that VO2 thin films show signatures of impact ionization (multiple exciton generation) that was predicted to occur in narrow bandgap SCI [2,3]. We continue to investigate SCI that show promise for use in photovoltaic devices with increased quantum efficiency. Furthermore, SCI are often model systems for spin-orbital physics, we are investigating how this physics depends on stoichiometry and strain.
Experimental

The Beekman group has a pulsed laser deposition (PLD) system. 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 resulting plasma 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. The in-situ analysis tool RHEED (reflection high energy electron diffraction) was installed and brought online in July 2016 and allows us to monitor film thickness and surface quality during growth.
Results and Discussion


We have grown high quality Ho2Ti2O7 (project 1) thin films that have been characterized using xray diffraction, transmission electron microscopy, and low field magnetization measurements. We have also had three successful weeks at the SCM 1 where we were able to measure the very low temperature - field phase diagram of pyrochlore titanate films using capacitive torque magnetometry. Based on our experiences earlier in the year we have developed a new device geometry for the torque magnetometry measurements with which we can double the sample throughput, and which provides information on the magnetic moment of the film; we are currently working to determine whether our device can be used to extract absolute values for magnetization in our films. 

We have also grown high quality films of LaVO3 (project 2). Structural, magnetic and optical properties measurements have been performed indicating that the spin-orbital physics in this SCI is extremely sensitive to stoichiometry and strain. We are currently performing a systematic study on how La:V stoichiometry and strain alter the spin and orbital ordering in LaVO3. This work is part of project 2 in which we are looking for SCI that show impact ionization that can be utilized in actual photovoltaic devices with increased quantum efficiency. 
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