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Summary

The discovery of topology in band structures has led to new advances in solid-state
physics. Material systems in which topology plays a role are interesting in order
to understand how topology manifests itself in these materials as well as that these
materials can provide a platform for new device applications. One group of such
materials is that of topological insulators that are characterized by an insulating bulk
and metallic surface states crossing the bulk band gap. Such states are protected
by time-reversal symmetry, which makes them robust against nonmagnetic disorder
and small perturbations. From the preservation of time-reversal symmetry and due
to the typically large spin–orbit coupling in these materials, the surface-state charge
carriers have a spin orientation that is directly related to the momentum, known
as ‘spin–momentum locking’. This property of spin texture makes these materials
interesting for generation, control, and detection of a spin accumulation, which are
key ingredients for future spintronic devices that use spins as information carriers.

Due to the high potential of topological insulators, it is of main interest to un-
derstand spin-transport and charge-transport properties in these materials. One im-
portant consideration here is the interplay between bulk and surface contributions
to those types of transport. The bulk often shows a finite conductivity that inter-
feres with surface-state transport due to limitations in growth of single-crystalline
topological insulators. In this thesis, our efforts to disentangle such contributions in
the topological insulator Bi2Se3 are reported using different experimental techniques.
First, it has been tried to optically induce charge currents via the property of spin–
momentum locking, which potentially can give us an understanding on the generation
and the relaxation mechanisms of such currents. Helicity-dependent effects have been
observed, but making definitive conclusions is hampered by technical difficulties. Nev-
ertheless, I believe that this chapter puts forward important considerations that can
improve the understanding in experiments that investigate such photogalvanic effects.
Second, high-field magnetotransport in topological insulators has been studied in this
thesis. Comparison of charge-transport parameters deducted from the background
magnetoresistance and from Shubnikov–de Haas oscillations at higher fields allows to
identify the various channels contributing to the charge transport. Analysis points to-
wards the clear presence of a bulk state that gets Zeeman-split at higher fields, which
has not been shown before. In addition to that state, signatures of other states are ob-
served that can be identified as the topologically protected surface states. Our study
provides an extensive analysis of Shubnikov–de Haas oscillations that is compared
with results on the magnetoresistance, which serves as an important contribution
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to such studies. At last, the surface states have been investigated by electrically
probing the generated spin accumulation, again due to the spin–momentum locking.
Ferromagnetic contacts have been employed to probe the spin polarization that is
generated by a charge current. Due to the use of large-area thin films of Bi2Se3, a
geometry has been designed that allows to exclude artifacts that could mimic the
charge-current-induced spin voltage from the topological surface states. This design
flexibility leads to an alternative explanation of the origin of the spin voltage. In our
experiments, a strong contribution of the fringe fields is present that are induced by
the ferromagnetic layer and affect the charge transport in the channel. This work
shows that local geometries are not ideal for probing the direction and size of the
generated spin accumulation, since charge transport and spin transport are mixed.

In order to implement topological insulators into commercial device structures, a
better understanding on this complicated system where bulk and surface are compet-
ing has to be developed. Furthermore, developments in growth are required to tailor
this competition between the parallel channels. Another important finding in this
thesis is that the interfaces between metals and topological insulators appear to be
transparent, which is an important step towards realizing devices with a low dissipa-
tion. This finding is in line with theoretical proposals where the topological insulator
is supposed to have a charge-accumulation layer at the surface when in contact with
a metal. However, hybridization effects are also proposed and the sole appearance of
surface states in the transport is at stake.

In the concluding part of this thesis, a feasibility study of commercial realization
of topological-insulator-based devices is provided. At the moment, the commercially
viable reserves of raw materials are good for another 10 to 20 years for production
of topological insulators under the current production. Points of attention in the
production process are the intensive purification of the materials and the large envi-
ronmental impact of the production. Furthermore, effects of upscaling the production,
which requires higher growth rates and large-area deposition, on the charge and spin
transport are to be understood. In a survey to investigate applications including
topological insulators, it is found that such materials are mainly useful for ultrafast
and spintronic applications such as spin-torque devices and spin injection layers.
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