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Commercial transmission Kikuchi diffraction (henceforth abbreviated EBSD/TKD) software determines
crystal orientations by minimizing the mean angular deviation (MAD) between an idealized model of the
crystal and the data. The MAD describes the angular deviation between the measured Kikuchi bands in
the TKD pattern and the simulated bands, given a reference crystal structure [1]. This algorithm is well-
suited for determining crystal orientations, but it constrains the input lattice parameters to be constant.
Lattice parameters can change due to thermal or mechanical stress [2-4], and so they are not necessarily
uniform, even in single crystals. Here we present a method that adapts existing commercial EBSD/TKD
software for mapping lattice parameters locally within the crystal.

From a thin flake of MoS2 we collect, using a 30 keV accelerating voltage and a 20° tilt angle from the
horizontal, 117 x 156 TKD patterns. With Oxford Instruments’ Aztec and AztecICE analysis software,
we obtain the mean angular deviation (MAD) value of the TKD pattern at each beam position with respect
to a reference crystal structure (Fig. 1, left). The MAD describes the quality of the fit, and smaller MAD
values imply crystal structures that are more similar to the reference structure.

In the reference structures we fix the a- and b-axes lattice parameters while varying the c-axis lattice
parameter from 11.80 A to 12.45 A in steps of 0.05 A. At a given location on the sample, the MAD values
generally vary parabolically with changes in the c-axis lattice parameter (Fig. 1, right). The best-fit c-axis
lattice parameter corresponds to the minimum of this curve; displaying this best-fit value as a function of
real-space position gives a map of the c-axis lattice parameter (Fig. 2, left). This procedure can be repeated
for the a- and b- lattice parameters. The c-axis best fit lattice constants are distributed in a double Gaussian,
with a main peak at ¢ = 12.14 + 0.01 A and a much smaller secondary peak at ¢ = 12.11 + 0.01 A (Fig. 2,
right). Features in the lattice parameter map corresponds to those also present in the kernel average
misorientation map (Fig. 2 left, inset). These results indicate that TKD patterns can be analyzed to
determine not only crystal orientation and phase, but also the crystal’s local lattice parameters.

=

@ CrossMark
https://doi.org/10.1017/51431927621005912 Published online by Cambridge University Press


mailto:matthew.mecklenburg@usc.edu
http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1017/S1431927621005912&domain=pdf
https://doi.org/10.1017/S1431927621005912

Microsc. Microanal. 27 (Suppl 1), 2021 1609

0.0085

0.008 a=1.3x10"°
b=-0.3 x 1072
] c=19
<
°
£ o.0075
[=]
<
=
0.007 ’ ’

0.0065

11.8 11.9 12.0 121 12.2 123 124
Lattice constant ¢ (A)

Figure 1. (Left) Typical TKD pattern (622 px x 512 px), collected at the location marked by the cross in
the inset. The pattern detector was set to solve for 12 bands; blue lines denote detected bands. (Inset) SEM
image of sample. (Right) Example of a MAD vs c-axis lattice constant fit located at [50, 72] (origin at top
left) on the map. The fit is quadratic: y = a x?> + b x + c.
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Figure 2. (Left) Map of the best fit c-axis lattice parameter values. (Inset) Kernel average misorientation
map of the sample. (Right) Double Gaussian (y = a1 EXp[-(X-p1)%(2612)] + a2 EXp[-(X-p2)%/(2022))] fit of
the optimized c-axis lattice parameters.
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