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Report:
The topological insulators are recently found family of materials. These materials have in bulk a band gap so 
that they behave like ordinary insulators or semiconductors, but they exhibit in addition a gapless surface or 
edge states that are topologically “protected” and immune to impurities or geometrical perturbations (see the 
reviews [1,2]). Magnetic dopants in three dimensional (3D) topological insulators (TI) break the time reversal 
symmetry  and result in the opening of a gap at the Dirac point which may lead to  a number of striking 
topological phenomena  [3]. We have studied  Bi2Se3 and  Bi2Te3 topological insulator epitaxial layers with 
manganese doping using EXAFS at Mn-K edge to determine Mn atom position in the TI crystal lattice.
The aim of the experiment was to  determine the manganese position in the topological insulator Bi2Te3 and 
Bi2Se3 layers in the epitaxial layers of topological insulators and to correlate this information with the other x-

Fig. 1: Measured EXAFS spectrum and the best fit 
on the 500 nm thick (Bi,Mn)2Te3 layer grown on 
BaF2 substrate. The nominal Mn concentration is 
6 %.

Fig. 2: Fourier transform to the real space coordinate 
of the measurement shown in Fig. 1.



ray diffraction study of the layer structure and subsequently wit the electronic structure studied using angle-
resolved photo-electron spectroscopy measurement.
Two sample series were grown using molecular beam epitaxy on the cleaved BaF2 (111) substrates by JKU 
Linz. The thickness of the layers was 300 nm to 500 nm. The first sample series consisted of manganese 
doped  Bi2Te3  TI  layers  and  the  other  were  manganese  doped  Bi2Se3  TI  layers. The  nominal  Mn 
concentration of the layers  was varied from 2 % up to 13 % for both sample series. The measurement was 
performed at the Mn-K edge (6.54 keV) for the angle of incidence of 2.5 deg and Mn fluorescence signal was 
detected.

The resulting collected spectra for (Bi,Mn)2Te samples 
with nominal Mn concentration of 6% and 13% are shown in Figs. 1 and 3, respectively. The collected spectra 
were  analyzed  using  standard  FEFF software.  The best  correspondence  was achieved for the  Mn in the 
interstitial position between two tellurium planes (so-called Van-der-Waals gap). The best fit are shown along 
with the measured spectra in Figs 1-4.
The resulting distances of the nearest-neighbor atoms are presented in table 1.

Sample nominal Mn 
concentration

Mn-Te distance 
[Å]

Mn-Bi distance 
[Å]

2823 6 % 2.916 ± 0.008 3.04 ± 0.02

2822 9 % 2.918 ± 0.008 3.03 ± 0.02

2826 13 % 2.91 ± 0.01 3.06 ± 0.03

Nominal distance in undistorted 
lattice

2.885 3.050 

The EXAFS data measured on (Bi,Mn)2Se3 show more complicated behavior and their interpretation is still in 
progress.
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Fig. 3: Measured EXAFS spectrum and the best fit 
on the 500 nm thick (Bi,Mn)2Te3 layer grown on 
BaF2 substrate. The nominal Mn concentration is 
13 %.

Fig. 4: Fourier transform to the real space coordinate 
of the measurement shown in Fig. 3.


