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Strontium titanate is an oxidic semiconductor and crystallizes in the perovskite-type of structure; 
however, several methods have been shown to induce distortions of this perfect cubic lattice. One 
of the key parameters is the oxygen stoichiometry that on the one hand acts as doping and has great 
influence on the electric conductivity but on the other hand also couples to the crystal structure. 
Since oxygen ions and vacancies are electrically charged, external electric fields make it possible to 
redistribute oxygen and to study accompanying structural modifications. Especially near the surface, 
deviations of the local structure have been found [1].  

A common way to tune the real structure of surfaces is the implantation of ions. Therefore, we 
tested several species and found a strong impact of nitrogen implantation on the Ti-K absorption 
edge fine structure of SrTiO3. Three single-crystals of 5×5×0.5 mm3 size were subjected to N+ ions 
of 40 keV kinetic energy with total fluences between 5×1016 and 2×1017 cm-2. X-ray absorption 
near-edge spectroscopy (XANES) was carried out at the DORIS beamlines C and A1 in grazing 
incidence geometry using 7-pixel Si(Li) and SDD fluorescence detectors. 

All three samples exhibit a slight shift of the Ti-K edge position and a strong increase of the second 
pre-edge peak (typically labelled “peak B”) compared to pure SrTiO3. As both of these observations 
depend on the angle of incidence ω (see Fig. 1), clear evidence of a distorted surface layer is given. 
The measured spectra represent a linear combination of the absorption spectrum of this layer 
modified by nitrogen implantation and the spectrum of the undistorted bulk material depending on 
the probed sample volume. The size of peak B reaches its maximum for small ω. The contribution 
of the reference spectrum increases with ω and therefore enlarged penetration depth. 

Based on these data, a fitting procedure was implemented that provides the fraction of the distorted 
phase in every spectrum and at the same time reconstructs the pure spectrum of the distorted layer. 
The minimization problem was implemented in Python on the basis of a least-squares refinement 
and used about 30 data sets simultaneously. For the calculation, a reference spectrum of the bulk 
phase was provided as well. As an example, the fit of one measured spectrum is given in Fig. 2. 

  
Figure 1: Comparison of Ti-K XANES spectra of 
one N+ implanted SrTiO3 sample for different 
angles of incidence ω. 

Figure 2: Example of the Ti-K near-edge region 
with simultaneous fitting of distorted spectrum and 
fraction of the distorted phase. 



It is obvious that the reconstructed spectrum of the distorted layer in Fig. 2 resembles the measured 
spectrum at ω = 0.5° in Fig. 1 since the X-ray penetration depth at this angle is only 15 nm. The 
shift of the Ti-K absorption edge between SrTiO3 reference sample and the layer phase was 
determined by taking the difference between the maxima of the first derivatives. This results in an 
energy shift of 0.58 ± 0.14 eV towards the Ti3+ valence state for the distorted phase. 

According to literature, the area under peak B can be used to determine the distortion of the Ti-O 
octahedra in the perovskite structure of SrTiO3 [2]. Namely, the static displacement ds of the Ti ion 
from the center of the O octahedron can be calculated by 
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with the peak area A, a constant γ = 12.4 eV/Å2 and a dynamic contribution dd = 0.103 Å. Fitting of 
the pre-edge features by Lorentz functions results in A = 0.826 eV for peak B of the distorted phase 
which is equivalent to a static displacement of ds = 0.344 Å. This rather big shift of the Ti atom 
proves the impact of nitrogen implantation on the real structure of the surface layer.  

Plotting the determined fractions of the layer phase for all samples over ω (see Fig. 3) reveals no 
dependence on the implanted nitrogen fluence (within the used range). Thus, already the sample 
implanted with 5×1016 N+/cm2 exhibits a fully converted surface layer. Because the same N+ energy 
was used for implantation of all samples, also the same depth profile is expected for all samples. 
Several profiles were tested (see Fig. 4) but all provide comparable results, as plotted in Fig. 3. 
Hence, the appropriate profile function cannot be determined unambiguously but the total layer 
thickness should be in the range 150...400 nm. 

Concluding, the implantation of nitrogen ions in SrTiO3 resulted in a strongly distorted surface 
layer that is characterized by a shift of the Ti-K edge from the Ti4+ state of SrTiO3 towards Ti3+ in 
the layer phase. The strong increase of the second pre-edge feature in the distorted phase is related 
to a remarkable static displacement of the Ti atom relative to the surrounding oxygen octahedron. 
Maybe, such modified surfaces can be used in the field of resistance switching memories [3]. 

  
Figure 3: Comparison of the evaluated fractions of 
the layer phase for all samples with optimized 
models of different profile functions. 

Figure 4: Comparison of the different optimized 
profile functions used for the modelling of the data 
in Fig. 3. 
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