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into the electronic correlations. To reconcile all the existing measurements, a detailed
knowledge of the low-energy electronic structure is needed. Until now, the study of
the detailed electronic band structure of LiTioO4 has been hindered by the lack of
high-quality single crystals and high energy resolution. This chapter follows up on
this and presents the three-dimensional band structure measured on thin films by
ARPES.

5.2 Three-Dimensional Electronic Band Structure

The success in preparing high-quality epitaxial thin films of LiTi;O4 by PLD opens
the opportunity to perform band structure measurements by ARPES. Even more
importantly, the SIS beamline at the Paul Scherrer Institute in Switzerland provides
users with a PLD system that can be connected to the ARPES endstation, making it
possible to perform in situ measurements without exposure to air. This is important
since LiTi,0y is extremely air-sensitive, as mentioned above. With this technique, the
electronic correlations can be probed in momentum space, offering vital information
about the nature of this unique superconductor.

5.2.1 Methods

LiTisO4 (111) thin fihns were grown in situ by PLD on Nb-doped SrTiOs (111)
substrates. The Nb doping ensures that the substrate is metallic and thus that
the sample is grounded to the ARPES endstation. The sample quality was char-
acterized by RHEED to confirm a smooth two-dimensional surface condition; see
Fig. 5.2a. Ultraviolet ARPES experiments were carried out at the SIS beamline at
the Swiss Light Source. The sample temperature was approximately 20 K, unless
stated otherwise. Photon energies ranged between 40 and 180 eV, with linear light
polarizations perpendicular and parallel to the mirror plane indicated as LV and
LH, respectively, following the notation of the previous chapters. The reciprocal
space is indexed by k, along the (111) direction and k,, perpendicular in-plane to
the (111) direction. Due to the high sensitivity of the sample, a fast degradation
of the band structure upon photon irradiation was experienced. After one minute
of irradiation, the bands broadened considerably, and after two minutes, they were
merging with the background. This disappearance of the bands in the spectrum
was irreversible, but did not result in any change in the XPS spectrum of the core
levels, hinting towards local damage to the crystallinity rather than the dissipation
of lithium. Therefore, high-statistics data were recorded by rasterizing the beam
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Figure 5.2: LiTi,04. @ RHEED pattern of LiTisO4 (111) thin film grown by PLD.
b Resistivity as a function of temperature, for different magnetic fields, measured on
the thin film after the ARPES measurement. The inset shows the resistivity evolution
up to 300 K.

over different sample spots. After the experiment, the superconducting transition
temperature of 11 K was verified by a resistivity measurement; see Fig. 5.2b.

5.2.2 Results

An overview of the Fermi surface along the (111) direction in the normal state of
LiTiy Oy is given in Fig. 5.3. The k. dependence clearly shows the three-dimensional
character of the Fermi surface with a periodic structure of pockets around the I'
points. The in-plane Fermi surface maps acquired with high photon energy, shown
in Fig. 5.3b and ¢, give an overview of the 6-fold symmetric band structure expected
for the (111) orientation. This confirms that the PLD-grown sample adapted to the
substrate’s (111) orientation.

The in-plane Brillouin zone boundary in this orientation can be inferred from the
three-dimensional Brillouin zone shown in Fig. 5.3d. The Brillouin zone of an fcc
lattice is a truncated octahedron, and adjacent zones are shifted in height compared
to one another. The first Brillouin zone is shown on the right in the lower part of



