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        Abstract  
 
Basic properties of topological isulators are introduced. Their use in information technology requires their 
functionalization. Here, examples are shown for the connection to ferromagnetic and ferroelectric properties. In 
addition, the question is considered where strong electron correlation, as in oxides, can help improve the 
properties of topological insulators.  
  

 
1. Introduction  

Topological matter is of high current interest as 
the bestowal of the Nobel prizes 2016 shows. 
Generally, a topological insulator features a metallic 
surface protected by time-reversal symmetry and an 
isulating bulk. We start from the first prediction of 
spin-orbit coupled topological systems for the 
example of graphene and discuss the properties of 
three-dimensional topological insulators through their 
signatures in spin- and angle-resolved photoelectron 
spectroscopy. We discuss the magnetic 
functionalization of topological insulators and the 
conditions for the creation of magnetic band gaps by 
impurities as they are a necessary condition for the 
quantum anomalous Hall effect.  

So-called topological crystalline insulators are 
more vulnerable systems where surface states are 
protected by mirror symmetries only instead of time-
reversal symmetry. We show that the system Pb1-

xSnxSe can be driven by doping into a topological 
quantum phase transition from mirror- to time-
reversal symmetry protection 

Topological insulators are a pure band structure 
effect, however, electron correlation would add 
interesting aspects and enhance the operating 
temperature of devices. The search for the first 
strongly correlated topological insulator is reviewed.   

  
 

 
2. References 

 
 [1] P. S. Mandal, G. Springholz, V. V. Volobuev, O. Caha, 

A. Varykhalov, E. Golias, G. Bauer, O. Rader, J. 
Sánchez-Barriga, Topological quantum phase transition 
from mirror to time reversal symmetry protected 
topological insulator, Nat. Commun. 8 (2017) 968  

[2] P. Hlawenka, K. Siemensmeyer, E. Weschke, A. 
Varykhalov, J. Sánchez-Barriga, N. Y. Shitsevalova, A. 
V. Dukhnenko, V. B. Filipov, S. Gabáni, K. Flachbart, 
O. Rader, E. D. L. Rienks, Samarium hexaboride is A 
trivial surface conductor, Nat. Commun. 9 (2018) 517   

[3] E. D. L. Rienks, S. Wimmer, P. S. Mandal, O. Caha, J. 
Ruzicka, A. Ney, H. Steiner, V. V. Volobuev, H. 
Groiss, M. Albu, S. A. Khan, J. Minár, H. Ebert, G. 
Bauer, A. Varykhalov, J. Sánchez-Barriga, O. Rader, 
G. Springholz, Large magnetic gap at the Dirac point in 
a Mn-induced Bi2Te3 heterostructure (unpublished)  

 
 
Fig.1: Schematic electronic band structure of a topological 
insulator. The Dirac cone of a topological surface state is 
shown at momentum k1. 
 

 
 
Fig.2: Schematic of a topological quantum phase transition 
introduced by 2% Bi doping in Pb72Sn28Se. A lattice 
distortion leads to a modifcation of the bulk band inversions 
and a change in the topological class [1]. 
 



 


