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Local strain field control is essential nowadays in many application fields including
microelectronics devices and advanced internally stressed materials. During the last decade,
with the development of subnano-sized electron probes, CBED was intensively exploited for
this purpose [1-6]. The main intention to apply CBED for local strain analysis is that the area
under analysis is thought to be of the size of the illuminating beam. This idea is based on the
column approximation, which has been already discussed in the application to CBED [7].

We use a simple geometrical approach similar to [7] and dynamical simulation to
demonstrate that the column approximation is not valid. The area of scattering of CBED
pattern can exceed two orders of magnitude the size of the illuminating beam (Figure 1).
Moreover, different HOLZ lines scatter from distinctly different areas of the sample
(Figure 2) so that their positions at the central CBED disk correspond to lattice parameters
from different parts of the crystal. Though such a scattering has no effect in the case of CBED
from unstrained or uniformly strained crystal, it results in a number of serious consequences
in the presence of a strain gradient. Among them are the line splitting and the symmetry
violation (Figure 3), which are well known [4, 8, 9] and can be found in the most of the
experimental papers on strain measurement by CBED. We demonstrate by dynamical
simulations the influence of different strain distributions on the appearance and the
arrangement of HOLZ lines at the central CBED disk.

It will be shown that strain measurement procedures based on fitting of HOLZ line
positions in the presence of a strain gradient leads to incorrect results already at the gradient
value as low as 10° nm™. Additional terms should be included in the expression for the
HOLZ line shifts, accounting for the first and probably for the second derivatives of the strain
field. This task does not seem to have a simple solution. The other approach could be to fit
experimental data to dynamically simulated CBED for the model with strain distribution.
However the drastically increased number of simulated parameters makes such fitting
unreliable and unreasonably time consuming on the existing hardware.

We discuss further the possible computational and experimental workarounds for the prob-
lem, which may result in a completely new approach to strain field measurements by CBED.
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Figure 1 Amplitude of the electron wave propagating with the thickness (indicated at the up
right corner) through Si in [111] direction, multislice simulation (100kV, initial beam size
0.3 nm, convergence semi angle 11 mrad, supercell 40x40 nm?”, matrix size 4Kx4K).

Figure 2 a) calculated CBED pattern corresponding to 150.1 nm thickness at Figure 1, b)
enlargement of {55-11} FOLZ line region (marked at (a)) demonstrating the well
pronounced dispersion surface, c) dark field image reconstructed from the line (b) showing
the area of line scattering (compare to Figurel 150.1 nm).
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Figure 3 Areas of central disks of simulated CBED patterns for the [331] zone of Si at

100kV and 237 nm thickness: a) unstrained crystal, b) crystal strained in [110] direction with

the gradient 5*10nm™ so, that the strain at the beam position is zero. The strain in [110]

direction itself does not violate mirror plane, however the symmetry violation in CBED
pattern cased by the strain gradient is clearly seen.





