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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]). The aim of the experiment was to study structural defects in the epitaxial layers of topological

Fig. 1: Reciprocal space map along symmetric
truncation rod measured on the 500 nm thich Bi2Te3
layer grown on BaF2 substrate.

Fig. 2: Reciprocal space map along symmetric
truncation rod measured on the 500 nm thich
(Bi,Mn)2Te3 layer grown on BaF2 substrate. The
nominal Mn concentration is 3%.

insulators and to correlate the structural quality of the layers with the electronic structure of the layers studied
using angle-resolved photo-electron spectroscopy measurements.
The samples were grown using molecular beam epitaxy on the cleaved BaF2 (111) substrates. The thickness
of the layers was 300 nm to 500 nm. We have studied the samples of pure Bi2Te3 and Bi2Se3 layers as well
magnetic layers of (Bi,Mn)2Se3 and (Bi,Mn)2Te3 layers. The nominal Mn concentration of the layers was up to
10 %.
We have measured the x-ray scattered intensity in the vicinity of several symmetric and asymmetric x-ray
diffractions as well as the intensity on the truncation rods between them in the symmetric and asymmetric
along lines 0 0 0 L and 1 0 1 L, respectively, where we have used the hexagonal notation of the unit cell.
The pure Bi2Te3 and Bi2Se3 layers has
shown the nearly perfect crystalline
structure, while the Mn doped samples
present some deviations as shown in
Fig 1, 2 and 3 for the Mn doped Bi2Te3.
The most obvious are the shifts of 0 0 0
6 and 0 0 0 15 diffraction peaks and the
split of the 0 0 0 12 diffraction peak in
two distinct maxima. Very similar
features were observed for the Bi2Se3
layers.
The detailed analysis of the obtained
data is currently in progress. The
preliminary analysis is based on the
Monte Carlo simulation of the
diffraction pattern on the random alloy
of Bi2Te3 and Bi3Te4. Bi2Te3 crystals can
be described as a stack of quintuplet
layers (QL, two hexagonal Bi layers
and three Te), whereas the unit cell of Fig. 3: Comparison of the symmetric scans along the symmetric
Bi3Te4 consists of seven monolayers truncation rod extracted from the previous figures 1 and 2 of the pure
(three Bi layers and four Te layers), i.e.and Mn doped Bi2Te3 epitaxial layer grown on BaF2 substrate. The
the
model
calculates
random vicinity of the substrate BaF2 111 peak is skipped.
combination of Bi2Te3 and Bi3Te4.
The model shows similarity with the
experimentally observed shifts of the
diffraction peaks as well as splitting of
the weak 0 0 0 12 diffraction maxima.
Further improvement of the model will
be based on the adding Mn atoms in the
crystal lattice.
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Fig. 4: Monte Carlo simulation of x-ray scattered intensity along
symmetric truncation rod of pure Bi2Te3 (red curve) and the random
alloy of Bi2Te3 and Bi3Te4 (blue curve).

