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Topological matter has emerged as a powerful platform to generate relativistic Dirac, Weyl and Majorana
quasiparticles based on the fundamentally different behavior of materials belonging to different topology classes.
Of particular interest are systems in which the topology can be tuned and manipulated to pin down how topological
phase transitions affect the physical behavior of the system. Topological crystalline insulators (TCI) of lead-tin
chalcogenide IV-VI semiconductors (Pb-Sn-Ge tellurides and selenides) are particularly interesting in this respect
because the topology of their electronic band structure is dictated by crystalline symmetries and thus, are particu-
larly sensitive against internal or external perturbations. In this work, band structure and strain engineering of
epitaxial TCI heterostructures produced by molecular beam epitaxy is presented and examples of various means
of how the band topology of these systems can be controlled and manipulated are demonstrated.

Particular focus will be on direct imaging of the electronic
structure and topological surface states by angle resolved photoe-
mission spectroscopy performed at synchrotrons on MBE grown
structures that allows to unravel many effects in great detail in mo-
mentum space (Fig. 1). By this, we demonstrate how topological
interface states depend on the hybridization in quantum confined
structures and how these states can be tuned by strain, surface and
bulk doping as well as by ferroelectric phase transitions that lift
the valley degeneracy and induce a large Rashba effect [1-4]. Ex-
amples include the formation of Volkov-Pankratov states in com-
positionally grades TCI heterostructures, counter propagating
edge states and the resulting unique bipolar quantum Hall effect in
strained QWs, as well as the emergence of a giant Rashba splitting
in ferroelectric systems produced by germanium doping.
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Fig. 1: Ferroelectric Rashba effect in IV-VI
materials. (a-c) Phase diagrams of IV-VI com-
pounds and ferroelectric phase transition in
PbGeTe. The resulting ferroelectric Rashba ef-
fect is shown in (d). (e) Brillouin zone of the V-
VI compounds with the band extrema at the L-
points. (f-1) ARPES maps of paraelectric and fer-
roelectric Pb; xGexTe QWs recorded at the
I' (grey) and M-points (red). See Ref. [4].
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