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III-nitride materials are presently the basis of a fast-growing, multi-billion dollar solid-state lighting 
industry and commercial AlGaN/GaN electronic devices are now in use in cell phone base stations, 
satellite communication systems and cable television networks. However, the ultimate performance 
of these nitride semiconductor based light emitters and electronic devices is limited by extended 
defects such as threading dislocations (TDs), partial dislocations (PDs) and stacking faults (SFs). If 
we want to develop LEDs to be an effective replacement for the light bulb, or have sufficient power 
to purify water, or develop efficient power electronics for electric vehicles, we need to eliminate 
these defects as they act as scattering centres for light and charge carriers and give rise to 
nonradiative recombination and to leakage currents, severely limiting device performance. The first 
step towards this goal is the detection of these defects – electron channeling contrast imaging (ECCI) 
in a field emission scanning electron microscope can be used to rapidly detect and analyze TDs      
[1– 4], PDs and SFs, with negligible sample preparation.  
 
In ECCI, TDs are revealed as spots with black-white (B-W) contrast. We have developed a 
procedure which exploits the change observed in the direction of this B-W contrast for screw, edge 
and mixed dislocations, on comparing two electron channeling contrast images acquired from 
symmetrically equivalent crystal planes. This enables us to unambiguously differentiate between 
screw, edge and mixed dislocations [3]. We have also demonstrated the use of ECCI to reveal and 
characterize basal plane stacking faults in nonpolar nitride semiconductors [4]. Comparing electron 
channeling contrast images with cathodoluminescence hyperspectral data from exactly the same 
micron-scale region of a sample is allowing us to investigate the influence of defects on the light 
emission [5]. 
 
Recent work includes the development of image and statistical analysis software to help extract 
information from ECC images. For example if one assumes that the B-W contrast changes are locally 
proportional to a strain component, one can use a general strain function to extract size, orientation 
and background information from dislocation features. The distribution of the dislocations have been 
analyzed using L(r), the deviation in the radial distribution compared with Ripley’s K function [6] for 
randomly distributed points. K(r) is the average number of other dislocations within a distance r of 
each dislocation in the image (including a correction for dislocations close to the edge of the image). 



The application of Ripley’s K function allows us to determine whether the TDs are clustered or 
randomly distributed. See Figure 1 for an example.  
 
Finally, we will discuss recent results comparing ECCI with measurements of tilt, rotation and strain 
as quantified by electron backscatter diffraction. 
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Figure 1: (a) Electron channeling contrast image of a GaN thin film.  
   (b) L(r) as calculated for electron channeling contrast image. 

Deviation of experiment outside this 
confidence envelope indicates 
statistically significant clustering (+ve) 
or uniformity (-ve) compared with 
complete spatial randomness case. 
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A clustered distribution is clearly 
observed for the GaN sample imaged 
above. 
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