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To enable efficient aluminum nitride UV LEDs and power electronics, charge carrier concentration must
be carefully engineered via dopant control. Silicon is the most studied and promising dopant in AlGaN
systems, however it has been demonstrated that charge carrier concentration drops as Al content
increases [1,2]. The prevailing explanation for the decrease in charge carrier concentration is that other
defects compensate Si donors at high Si concentrations. The exact distribution and nature of the defects
responsible have not been identified, however it is theorized that a complex with cation vacancies
contribute to the effect [3]. The purpose of this study is to determine a method of identifying and
mapping the vacancies and other defects in the material for the purpose of studying defect formation and
confirming the statistical models used to guide growth techniques.

In this presentation, we will discuss how high precision and accuracy scanning transmission electron
microscopy (STEM) can be used to detect and map dopant complexes formed during metal-organic
chemical vapor deposition crystal growth, specifically cation vacancies complexed with cation
substitution dopants. We will present the approach to model the structure using DFT calculations in the
Vienna ab initio Simulation Package (VASP 5.3.4). Specifically, formation energies determined using
the grand canonical formalism are used to determine the relative concentrations of the different potential
configurations of the Sia-Vai complexes. Multislice simulations are then performed using the various
calculated defect coordinates as a function of sample thicknesses and operating condition.

To observe the effect of the defect, intensities and positions are then extracted from ADF STEM images
as shown in Figure 1. ADF STEM with a detector inner semiangle of 28 mrad was used to maximize
the signal from the weakly scattering aluminum and nitrogen. For a Si-vacancy complex, the relative
intensity of the column decreases by an amount relative to the thickness of the sample as well as the
scattering factor of the atoms in the column. Because the intensity change is > 4% due to the vacancy,
we will discuss how these results, well within the ~ 1% minimum detection threshold [4], can be
combined with displacements to unambiguously identify these defect complexes. We will show that the
apparent atom column positions near the vacancy, as in Figure 1(right), also contract around the Al
vacancy. We will further discuss how a single vacancy can be discriminated from the defect complex by
the magnitude of the displacements. For example, as shown in Figure 2, the displacement of atom
columns compared to the ‘bulk’ regions is higher between nitrogen atom columns in comparison to
aluminum. Finally, we will highlight how local distortion and intensity measurements provide the
framework for detection and classification of single atom defect and vacancy complexes in nitride
materials [5].
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Figure 1. Simulated vacancy complex in a 3 nm sample (left, vacancy indicated by arrow) (scale bar - 5
A). Aluminum and nitrogen column intensities (center), showing the intensity decrease at and around the
vacancy. Deviations in column-column distance (right) between aluminum and nitrogen columns around
the vacancy.
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Figure 2. Distribution of displacements from the average atom column to atom column separation. D1,
D2, D3 distances are highlighted in Figure 1 (right). Outliers in the nitrogen atom column distributions
should be readily observed in experiment.
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