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Create and Control Novel Phases in Heterostructures of Transition Metal Oxides

Transition Metal Oxides (TMOs) exhibit unique and multifunctional physical phenomena (such as high-temperature
superconductivity, colossal magnetoresistance, metal-insulator transitions, etc.) directly related to the spin and orbital
degrees of freedom of the transition metal d-states and their interplay with the lattice. Importantly, the iso-structure of
TMOs permits realization of hetero-structures generating at their surfaces and interfaces new physical matters that radically
differ from those of the constituent bulk materials. Therefore, to fully explore the potential of modern quantum and hybrid
materials based on TMO the first worldwide experimental setup combining Pulse Laser Deposition and Angle Resolved
Photoemission (ARPES) has been designed at the SIS beamline (Swiss Light Source, Paul Scherrer Institut). Presently, this set
up is being extended with Molecular Beam Epitaxy (MBE) chamber and Scanning Tunnelling Microscope (STM). With this
capability, the control of structure and morphology of ultrathin films down to one unit cell thickness prior to the
spectroscopy experiments will be secured.

Thanks to the unique combination of growth and spectroscopy at SIS beam line two methods to manipulate properties of
TMO based hetero-structures have been established:

1. Altering orbital ordering and controlling properties of the 2DEG at titanates surfaces.

Employing ARPES diverse ways have been established to manipulate the 2DEG and, consequently, electronic properties of
titanates surfaces (SrTiO5 in bulk and film forms [1, 2, 3], TiO,-anatase [3] and CaTiOj; [4] films).

2. Tuning electronic phases in ultra-thin NdNiO; films via a strain and a proximity to the magnetic layer.

The electronic structure of NNO films grown solely and in proximity to magnetically ordered manganite layers has been
studied. Combining the ARPES experimental data with the theoretical calculations, we found that the insulator phase in ultra-
thin NNO films is destabilized probably due to quenching of anti-ferromagnetic (AF) order via proximity to the ferromagnetic
manganite layer [4, 5].
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