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Transmission electron backscatter diffraction (EBSD), also known as electron forward scatter diffraction
or transmission Kikuchi diffraction in the SEM, can provide significant improvements in spatial
resolution over conventional EBSD performed in reflection [1]. Remarkable results have been
demonstrated, including phase identification of nanoparticles as small as 5 nm [2] and effective
orientation mapping resolutions of 2 nm to 3 nm for thin metal films [3].

One of the primary factors to consider while discussing spatial resolution in the transmission
configuration is where the most important diffraction occurs within the specimen thickness - this affects
the achievable lateral resolution and determines which regions of the specimen give rise to diffraction
patterns. We demonstrate through use of bilayer samples that the most important diffraction occurs
within the bottom few nanometers of the crystalline region of a specimen. This means that the incident
beam needs to traverse nearly the full thickness before undergoing detectable Kikuchi scattering. As this
occurs, electron energies and trajectories change due to both elastic and inelastic scattering. These
effects lead to beam broadening, and were modeled by Monte Carlo scattering simulations such as that
shown in Figure 1 for 3000 nm of Al. The exit trajectories of all electrons are shown, which lead to
estimates about effective beam size at the surface where detectable patterns are generated.

Estimates of the practically-achievable spatial resolution were made as a function of specimen mass-
thickness by considering electron energy distributions associated with trajectories very near the exit
surface. Figure 2 shows an example for varying thicknesses of copper. The result is a mass-thickness-
dependent resolution that must be taken into account, particularly during orientation mapping.

*Contribution of NIST, not subject to copyright in the United States
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Figure 1. Electron exit points from a 3000 nm Aluminum film at 30 keV, simulated by Monte Carlo
methods.
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Figure 2. Kikuchi patterns from 100 nm and 400 nm Cu films next to electron trajectory plots calculated
by Monte Carlo methods. The trajectory color corresponds to the energy of the electrons at that point.
Kikuchi patterns taken at an incident beam energy of 30 keV.
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