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For a detailed understanding of complex semiconductor heterostructures and the physics of 

devices based on them, a systematic determination and correlation of the structural, chemical, 
electronic, and optical properties on a nanometer scale is essential. Luminescence techniques 
belong to the most sensitive, non-destructive methods of semiconductor research. The 
combination of luminescence spectroscopy – in particular at liquid He temperatures - with the 

high spatial resolution of a scanning transmission electron microscope (STEM) (δx < 1 nm at 
RT, δx < 5 nm at 10 K), as realized by the technique of low temperature scanning transmission 
electron microscopy cathodoluminescence microscopy (STEM-CL), provides a unique, 
extremely powerful tool for the optical nano-characterization of semiconductors, their 
heterostructures as well as their interfaces. 

Our CL-detection unit is integrated in a FEI STEM Tecnai F20 equipped with a liquid 
helium stage (T = 10 K / 300 K) and a light collecting mirror. The emitted CL light is collected 
by a parabolically-shaped mirror above the sample and focused onto the entrance slit of a 
grating monochromator. In STEM mode the electron beam is convergent and either kept at a 
single position for local spectra or scanned over the region of interest in imaging mode. 
Panchromatic as well as spectrally resolved CL imaging is used. The CL-intensity is collected 
simultaneously to the STEM signal at each pixel. The TEM acceleration voltage is optimized to 
minimize sample damage and prevent luminescence degeneration under electron beam 
excitation. 

Typical results which will be presented include nm-scale correlation of the optical 
properties optical properties in polar, non- and semi-polar GaN. The impact of structural defects 
like dislocations is directly visualized: Special emphasis is given to the formation and in 
particular the annihilation and the prevention of basal plane as well as prismatic stacking faults 
in non- and semi-polar GaN. 

 
Figure 1: The cross-sectional STEM (HAADF) image of a single GaN nanocolumn (NC) on a GaN/sapphire 
template (a) and the simultaneously recorded panchromatic CL mapping (b) depicting luminescence originating 
exclusively from the nanocolumns. The CL linescan (c) across the growth direction of the NC exhibits a GaN NBE 
emission from the defect-free region. Additionally, the luminescence of the BSF type I1 at 360.6 nm and 361.7 nm can 
be observed in the upper part of the GaN NC. 

 


