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    Evaluating high-angle annular dark field (HAADF) intensity in scanning transmission electron 
microscopy (STEM) by a comparison with simulations is an appropriate method for quantitative 
chemical analysis [1, 2, 3]. It was recently demonstrated that the HAADF intensity of dilute GaNAs can 
be accurately simulated using a frozen-lattice multislice approach that takes into account the effect of 
static atomic displacements (SADs) [4]. The full 2D analysis of nitrogen in GaNAs layers which are 
pseudomorphically grown on GaAs is hindered by surface strain fields that occur in vicinity of the 
interfaces. These strain fields decrease the image intensity due to the effect of dechanneling as the 
lattice planes are slightly bended [5]. This results in dark stripes in the GaAs regions that are running 
parallel to GaNAs/GaAs interfaces. In this contribution we suggest a method combining two STEM 
images taken under different camera lengths to render full 2d-mapping of the nitrogen concentration 
possible. The HAADF STEM image in Figure 1. (a) was taken with detection angles between 36 and 
230 mrad (camera length of 196 mm). The intensity close to the quantum well is decreased as 
explained before but the intensity in the center of the well is not affected by the strain fields due to the 
symmetry of the lattice plane bending [5]. We confirm by multislice simulations that the scattering 
intensity in GaAs is decreased in regions affected by surface strain at high scattering angles, whereas 
the intensity increases in the low-angle regime. Using an inner detector angle of about 14 mrad, the 
increase at low angles balances the decrease of the intensities at high angles so that no artifacts 
appear. For this reason the STEM image in Figure 1.(b) was taken with low detection angles between 
14 and approximately 87 mrad (camera length of 478 mm) directly after taking the image in 
Figure 1.(a). The STEM image in Figure 1(b) does not show contrast modifications close to the 
quantum well and a higher chemical contrast between GaAs and GaNAs.  
    We suggest an indirect evaluation method by combining information from both STEM images in 
Figure 1. As Figure 1.(b) shows mainly chemical contrast, we assume that regions that show the same 
intensity in this image also have the same chemical composition. For the evaluation, the range of 
intensities found in Figure 1.(b) is subdivided into intervals. For each interval, we search positions (x, 
y) (atomic column positions as explained in [4]) for which the image intensities in Figure 1.(b) lie in the 
interval considered. Then, the average intensity is taken from those of the positions (x, y) in Figure 
1.(a), which are located in areas not affected by surface strain fields. In this way the intensities in 
Figure 1.(b) are correlated with intensities in unstrained regions on Figure 1.(a). An image without 
strained regions is obtained from which the nitrogen concentration can be determined as explained in 
[4]. 
    Figure 2 (a) shows a concentration profile obtained from the evaluation of the image in Figure 1(a) 
without and Figure 2.(b) with the suggested method: Artificial negative concentrations do no longer 
occur in the GaAs regions in Figure 2.(b), whereas the nitrogen concentration in the center of the 
quantum well is identical to that in the profile depicted in Figure 2 (a). 
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Figure 1. HAADF STEM images taken with a detection range (a) between 36 and 218 mrad and (b) between 14 

and 87 mrad. (b) shows a higher chemical contrast compared to (a) and no contrast modifications from surface 
strain fields. 

  

Figure 2. Concentration maps and profiles (a) from the standard method (from the image in Figure 1.(a)) and (b) 

from the suggested method (information from both images, Figure 1.(a) and (b)). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


