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Breakthroughs in energy dispersive X-ray detectors have greatly improved the signal-to-noise ratio of
spatial mapping, leading to new interest for quantitative atomic scale elemental analysis. The most

common method for EDS composition analysis in TEM is the Cliff-Lorimer ratio where the composition

is directly related to the X-ray peak intensities and the Cliff-Lorimer factor, K, through: g—z =kyp * %

[1]. Although the method makes for a simple way to extract quantitative information, accurately
calibrating K factors can be difficult. Another method for compositional EDS analysis is using the (-
factor approach where the characteristic X-ray intensities are related to the mass-thickness and
composition [2]. For both quantitative methods, samples are tilted to minimize channeling conditions;
however, orientation along a low-order zone axis, resulting in strong channeling, is required for atomic
scale analysis. The necessity for on-zone acquisition has resulted in studies to account for channeling
conditions to improve the quantitative capabilities of atomic scale EDS mapping [3]. An alternative
method for determining composition is quantitative STEM (QSTEM) using the annular dark-field
intensity [4-5]. In this approach, intensity is placed on an absolute scale and multislice image
simulations are performed at varying composition and thickness values. Importantly, a standard with
known composition is not needed for composition analysis using QSTEM and images are typically
acquired at strong channeling conditions.

In this presentation, we will show that K and (-factors can be accurately calibrated for samples of
unknown composition using QSTEM. Using a disordered ternary AlGaN alloy grown with layers of
varying composition, Figure 1A, we first determine the composition of one layer using QSTEM to
calibrate the Cliff-Lorimer ratio, Figure 1B. Afterwards, this ratio can be applied the other layers to
determine composition. Figure 2 shows the fractional occupancy of Ga in the Ga/Al site for each set of
layers in the sample. Importantly, the composition of each layer was unknown prior to analysis.
Comparing the composition values for the QSTEM approach and the standard K-factor approach, the
maximum absolute variation is 5.2 % for any layer. We will then discuss how this method is beneficial
for thicker samples and samples oriented to channeling conditions where many factors plague
composition analysis for conventional methods. To check the accuracy of the method, we compare
compositional results with the nominally intended growth concentrations. With respect to the standard
Cliff-Lorimer and (-factor approaches, we will compare the accuracy of our newly presented method.
This approach enables composition analysis without the need for a calibration reference.
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Figure 1: Quantitative STEM imaging for an Al; «GayN film grown on sapphire. (A) Image of an
overview of the film. (B) Quantitative STEM image from on layer in QW2 (left) beside the composition
map (right).
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Figure 2: Plot of the average Ga content in the QWs as a function of the nominally intended composition
for the standard K-factor approach and QSTEM calibrated methods.
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