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Optical properties of semiconductor quantum structures are governed by their size and composition. 
Understanding and interpreting optical measurements require structural data that can be obtained by 
transmission electron microscopy (TEM). This will be demonstrated in this study for different examples 
of ternary [1,2] and quaternary [3,4] semiconductor quantum well (QW) and quantum dot (QD) samples 
by Z-contrast STEM imaging with a high-angle annular dark field (HAADF) detector. The measured 
STEM intensity is quantified by comparing the atom column intensity with accurate image simulation 
from which we obtain the local composition. The measured morphology of the nanostructures then 
forms the basis for the interpretation of optical properties. The applied quantitative STEM method uses 
STEM intensity averaged within Voronoi cells around the atom column positions. Comparison with 
image simulation requires normalization of the STEM intensity with respect to the intensity of the 
incident electron beam, for which we use a detector scan [5] taking care of instrumental imperfections 
[6]. Simulated STEM intensity is obtained with the frozen lattice approach of the STEMsim program [7] 
taking the non-uniform detector sensitivity into account. In case of alloys containing atoms with 
different covalent radii (e.g. In and Ga in InxGa1-xN) static atomic displacements are computed with 
empirical potentials and included in the simulation, as they contribute to the STEM intensity by diffuse 
Huang scattering. 
 
Figure 1 shows results obtained for Stranski-Krastanow-grown InGaAs QDs [1]. High-resolution STEM 
reveals an InGaAs wetting layer with a height of 8 mono layers having approximately lens-shaped QDs 
on top with heights of 2-4 nm and diameters between 5 nm and 20 nm (samples A). For samples B, an 
additional 4 nm thick strain reducing layer (SRL) containing nominally 10 % indium was grown. Figure 
1b shows a map of the measured In-concentration and Figs. 1c and d depict In-concentration profiles of 
wetting layer and quantum dot area, respectively. Figure 1a contains PL spectra in comparison with the 
position of emission lines obtained theoretically using combined tight-binding and configuration-
interaction calculations directly based on the structural TEM data. Figure 2 shows results from an array 
of core-shell nanowires [2]. Figure 2a gives an overview of the CL intensity and Fig. 2b depicts the 
core-shell area. Figure 2c shows the CL intensity as a function of the wavelength, revealing a significant 
red shift from the bottom to the top of a nanowire. This can be understood by inspecting the maps of the 
In-concentration shown in Fig. 2e and Fig. 2g corresponding to the top and the bottom of a nanowire, 
respectively. The maps show that the thickness as well as the In-concentration of the InGaN QW 
increase along the nanowire, both leading to a red shift of the wavelength of the emitted light. 
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Figure 1.  (a) Low temperature PL spectra of samples A and B at an excitation power of 30 mW/cm2 
exhibiting a red shift due to the SRL and emission energies calculated by empirical tight binding theory 
according to the structural data derived from high-resolution STEM. (b) map of the projected In-
concentration obtained from quantitative evaluation of the STEM intensity (sample A). (c) and (d) 
concentration profiles through the sole wetting-layer and the QD area, respectively. 
 

Figure 2.  (a) CL intensity and (b) Z-contrast STEM image of the core-shell area of a nanowire. (c) CL-
intensity (color coded) plotted as a function of the wavelength from bottom to the top of a nanowire. (d) 
and (f) STEM images of the quantum well (QW) corresponding to the top and the bottom of a nanowire, 
respectively. The corresponding evaluated In-concentration maps are shown in (e) and (g).  

1691Microsc. Microanal. 23 (Suppl 1), 2017


