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Similarly to the be intensity distributions in EBSD,
the highest energy electrons will follow the incident
beam direction and show as an excess of intensity
in the lower part of the detector. This effect,
however, will be suppressed as the samples
thickness is increased.

Background

The spatial resolution of EBSD is dictated by the interaction volume of those electrons that carry diffraction information on
their way out of sample to produce Kikuchi patterns on the detector. In conventional geometry these are the backscattered
electrons which can travel a significant distance before escaping the sample, 'sampling' a rather broad interaction volume.
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The idea of questioning instead the electrons transmitted through a thin sample for diffraction information as a method of
improving the lateral spatial resolution has attracted considerable attention [1,2]. In this case the detector is placed on the
other side of a thin sample and transmission Kikuchi diffraction patterns are collected.

Nevertheless, the spatial distribution of transmitted electrons
remains narrow for all energies. Since the conventional sample tilt in
TKD (0° - 30°) is so much more shallow than in EBSD (~70°), the
lateral spatial resolution is especially improved in the direction
normal to tilt axis.

Following previous diffraction patterns simulations for EBSD [3], the prediction of diffraction patterns in general involves a
double integral: over the energy range of and over the distance travelled on their way out by the escaping electrons. Monte
Carlo simulations of electron scattering processes inside the sample can be used to estimated the energy and depth

distributions of the incoherent point sources [4]. | e

Interaction volume of backscattered and transmitted electrons shown here as
kernel density estimates plots of the escaping electrons. The position of escaping
electrons is assumed to be the last scattering event before exiting the sample.
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Spatial intensity distributions of escaping electrons at different
energies and film thicknesses. The incident beam has 20 keV energy
and is incident on a 20° tilted Ni sample. Note the great variation
over a narrow range of energies. The inverted intensity distribution
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1000 ‘ 1000 2001 001 101 Energy distributions versus sample thickness for electrons exiting a 20°
Y axis (nm) tilted Ni sample. For very thin sample the energy distribution is narrow and we

can expect sharp features while for thicker films energy absorption becomes more

prominent and distributions will become broader with diffraction lines suffering

blurring. The peak of the energy distribution is strongly influenced by sample

thickness underlining the requirement for uniform thickness samples in TKD.

Dynamical electron scattering

In standard TKD geometry the
path lengths and energies of
electrons that reach the detector

does not show strong dependency . ) .
on the exitlan gl Ea e The probability for an electron to be emerging from the sample in a

results for 50k electrons with direction k can be written as follows:
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Comparison with EBSD
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and the wave function \ij{ evaluated for the equivalent atom positions r;
using the scattering matrix formalism for a scattering direction k.
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Same area on the Master Pattern comparison between EBSD and TKD for various sample thicknesses. TKD patterns show much finer diffraction
details which are very dependent on the sample thickness. The large circle fallows the behaviour of a dark gray feature which vanishes for very thin
samples. The smaller circles follow the gain of contrast of a set of higher order Kikuchi lines as the sample thickness is increased.

EXIT ANGLE FROM Z AXIS DIRECTION

If the probabilities are calculated for all independent scattering directions a
'master TKD pattern' is obtained from which any needed TKD patterns can be
extracted via bi-linear interpolation. This method reduces the number of
calculations needed for a specific set of patterns as the multibeam dynamic
simulations must only be carried once for all beam directions.

TKD, t = 100 nm
TKD, t = 200 nm
—— TKD, t = 300 nm
— EBSD

Master TKD pattern for all possible independent exit directions in the Northern hemisphere using equal
area Lamber projection. The simulation was done for 100 nm thick sample of Ni and a beam energy of 20 keV
using the EMsoft v3.1 package [6].

Intensity line scan (red line on left) comparison between EBSD and TKD patterns simulated for Ni in same sample geometry. The TKD patterns not only
show higher contrast features (defined as the difference between maximum and minimum intensity), but also finer details than the EBSD one.

Geometry

Conclusions and further work

Following the EBSD experimental geometry described by Callahan [3] we can derive
the TKD sample-detector coordinates transformation.

For a translation vector t which moves the origin of the detector frame O, to the The computational model combining the dynamic scattering theory with Monte Carlo distribution simulations
origin of the sample frame O, defined as: packaged as EMsoft [6] has been expanded to include Transmission Kikuchi Diffraction patterns simulations.
This was achieved by implementing a Monte Carlo algorithm in the TKD geometry which tracks electrons exiting
from the bottom of the sample. This in turns implies that the probability distributions of diffraction carrying

the coordinates of a point P(xp, yp) on the detector in the reference frame of the electrons will depend on the sample thickness in addition to the other parameters present for the other diffraction

L= (CUP(;')yPC)L)

sample can be derived geometrically: geometries.

O.P = Rds (O;P = F)

where R% is the coordinate transformation from the sample frame to the detector The relationship between the probability distributions predicted by Monte Carlo simulations which use empirical
frame. Such that finally the direction cosines of a pixel on the screen in the sample parameters usually verified for behaviour outside the sample and the distribution of 'sources' of coherent electrons
oy An. inside the sample will be reviewed in future work.

—cos a(yq — ypc) + Lsin

TKD Geometry where PC is denotes the pattern A
center and L is the distance between the detector B = —(CCPC o ZCd)

where a=7/2+ 605+ 0p

and the sample.

sina(yg — ypc) — cosq (24 — L)
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