-

View metadata, citation and similar papers at core.ac.uk brought to you byj: CORE

provided by University of Strathclyde Institutional Repository

.!i_'-&?'!'-'-,ll
University of ?ij
Strathclyde

Glasgow

Strathprints Institutional Repository

Trager-Cowan, C. and Naresh-Kumar, G. and Allehiani, N. and Kraeusel,
S. and Hourahine, B. and Vespucci, S. and Thomson, D. and Bruckbauer,
J. and Kusch, G. and Edwards, P. R. and Martin, R. W. and Mauder, C.
and Day, A. P. and Winkelmann, A. and Vilalta-Clemente, A. and
Wilkinson, A. J. and Parbrook, P. J. and Kappers, M. J. and Moram, M. A.
and Oliver, R. A. and Humphreys, C. J. and Shields, P. and Le Boulbar, E.
D. and Maneuski, D. and O'Shea, V. and Mingard, K. P. (2014) Electron
channeling contrast imaging of defects in lll-nitride semiconductors.
Microscopy and Microanalysis, 20 (S3). pp. 1024-1025. ISSN 1435-8115,
http://dx.doi.org/10.1017/S1431927614006849

This version is available at http://strathprints.strath.ac.uk/49409/

Strathprints is designed to allow users to access the research output of the University of
Strathclyde. Unless otherwise explicitly stated on the manuscript, Copyright © and Moral Rights
for the papers on this site are retained by the individual authors and/or other copyright owners.
Please check the manuscript for details of any other licences that may have been applied. You
may not engage in further distribution of the material for any profitmaking activities or any
commercial gain. You may freely distribute both the url (http://strathprints.strath.ac.uk/) and the
content of this paper for research or private study, educational, or not-for-profit purposes without
prior permission or charge.

Any correspondence concerning this service should be sent to Strathprints administrator:

strathprints@strath.ac.uk


https://core.ac.uk/display/29180234?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://strathprints.strath.ac.uk/
mailto:strathprints@strath.ac.uk

1024 Microsc. Microanal. 20 (Suppl 3), 2014
doi:10.1017/S1431927614006849 © Microscopy Society of America 2014

Electron Channeling Contrast Imaging of Defects in III-Nitride Semiconductors
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[I-nitride materials are presently the basis of a fast-growing, multi-billion dollar solid-state lighting
industry and commercial AlIGaN/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
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analyzed using L(7), the deviation in the radial distribution compared with Ripley’s K function [6] for
randomly distributed points. K(7) is the average number of other dislocations within a distance » 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(7) as calculated for electron channeling contrast image.
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