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This presentation describes a methodology for quantitative characterization of precipitate
morphology in atom probe tomography which accounts for both the statistical uncertainty
associated with missing data as well as the physics of preferential evaporation. The procedure
involves two steps. The first involves the use of data mining methodologies applied to the mass
spectra to enhance the chemical resolution of the APT, including for discrimination of precipitate
and matrix atoms [1]. The spectral resolution is enhanced by improved signal-to-noise and
discrimination isotopes with overlapping mass-to-charge ratios (m/n). A non-parametric
statistical analysis rapidly and robustly enhances the deconvolution of peaks in the mass
spectrum to resolve isotopes (Figure 1). By accurately defining background, statistically
reducing noise in the data, and addressing overlapping peaks, compositional measurements are
improved and more reliable identification of atom species in the spatial image are achieved. The
precipitate region is then defined by applying computational homology approaches to the point
cloud data of the 3D APT image. We leverage powerful graph-based algorithms to identify the
local topology of precipitates without the necessity of any heuristics [2] (Figure 2). The change
in evaporation physics for the precipitate versus the matrix is defined based on the combination
of first principles calculations and ion evaporation maps [3]. We link the data mining-enhanced
measurement of precipitate chemistry and graph-based definition of precipitate topology with the
first principles modeling of evaporation physics for enhanced APT chemical resolution [4].
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Figure 1. Improved chemical resolution of APT mass spectra. (a) A mass spectra where the
isotopes are assigned chemical identity from data mining analysis and overlapping peaks are
discriminated. (b) A mass spectra with background and noise removed, so that chemical signal
is enhanced and the significant peaks are identified.
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Figure 2. Quantitative definition of topology and evaporation physics for Al;Sc precipitate. (a)
Non-convex surface of precipitate defined through graph-theoretic approach. The spatial analysis
of APT is enhanced through quantitatively defined topology. (b) Ion evaporation map to link
evaporation of precipitate ions with first principles calculations.
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