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Nanoscale strain tomography by scanning precession electron diffraction

Duncan N. Johnstonel, Antonius T. J. van Heroortz, Paul A. Midgley1

1Department Of Materials Science & Metallurgy, University Of Cambridge, Cambridge, United Kingdom, 2Departmetnt of Physics,
Norwegian University of Science and Technology, Trondheim, Norway
E-mail: dnj23@cam.ac.uk

Strain within materials can be engineered on the nanoscale to control physical properties from electronics to mechanics.
Scanning precession electron diffraction (SPED) has emerged as an attractive technique for mapping such strain [1] with
benefits in terms of precision, ease of implementation and balance between spatial resolution and field of view. Further, the
SPED approach is adaptable and can be applied to a wide range of materials systems and geometries. SPED involves
scanning a double-rocking electron probe [2] across the specimen and recording a PED pattern at each probe position. A
four-dimensional (4D) dataset is obtained that can be analyzed in versatile post-facto computational schemes, including
strain mapping. Strain maps were obtained here by optimizing the affine transformation, D, that maps a reference pattern,
P(x0, y0), onto each diffraction pattern, P(x, y), in the 4D-SPED dataset. Polar decomposition of the affine matrix yields a
rotation matrix, R, and a distortion matrix, F. The latter is easily related to strain, €, in the small strain approximation (Figure
(a)). Here, a GaAs nanowire containing a GaAs1-xSbx insert was studied. The nanowire is strained due to the lattice
mismatch between the Sb-rich insert and adjacent regions, providing an ideal geometry for developing strain tomography.
The strain distribution within such nanowires is also of interest in the context of optoelectronic applications owing to the
modification of the local electronic band gap that it imparts.

Tomographic reconstruction of the strain component along the nanowire axis was achieved by performing a tilt series about
this axis, spanning an angular range of +-30° and imposing 6-fold rotational symmetry to complete the series (Figure (a)).
At each tilt, a strain map was formed (Figure (b)) and it was assumed that the strain at each pixel these maps represents
the average strain along the beam path. The component of strain along the nanowire axis was mapped at every tilt step,
owing to the tilt series being performed about that axis, which enabled the reconstruction of this component as a standard
scalar tomography problem. First, the “average strain” maps were converted to maps of “projected strain” by multiplication
by the specimen thickness. This thickness was determined from a tomographic reconstruction performed using dark-field
images formed post-facto from the SPED dataset. The projected strain maps were then used to perform tomographic
reconstruction of the axial strain field via the simultaneous iterative reconstruction technique (Figure (c)).

Challenges posed by the reconstruction of the full strain tensor will be discussed, along with progress towards solving these
problems to achieve tensor tomography. The precision of the methods developed and the implications of dynamical electron
scattering will also be considered in detail. Particular attention will be given to the advantages obtained through the
implementation of double-conical rocking in the SPED scheme as compared with scanning nano-beam electron diffraction. In
summary, this work presents an initial demonstration of nanoscale strain tomography based on scanning precession electron
diffraction, as well as thorough discussion of the tensor tomography problem in electron microscopy [3].
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