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In the last decade electron crystallography experienced a
boost through the development of electron diffraction to-
mography. After data acquisition and processing strategies
were developed for automated diffraction tomography [1]
a big range of methods has been set up in order to improve
the collection of data in reciprocal space. A major differ-
ence between the methods is the crystal tracking strategy
carried out in TEM or STEM mode. While the use of TEM
for electron diffraction tomography methods allows the
application of both, selected area or nano-beam diffrac-
tion, the STEM mode will only facilitate the later. Both
data collection approaches already proved successful for
structure solution and refinement using single nano- sized
crystals. Significant differences appear for example if the
size of crystalline domains are in the regime of some tens
of nanometer or the material is highly beam sensitive. The
use of a small condenser aperture (10 pm) to produce a
quasi-parallel electron probe allows the access of these
materials as a nanometer-beam (2-10 nm) with low conver-
gence angle (0.4-1 mrad) reduces the electron dose using
dark-field detectors for crystal imaging in scanning mode
[2]. Automated diffraction tomography utilizes in addition
the advantage that only a slight change of focus allows to
switch between imaging and diffraction conditions [2]. In
order to obtain improved electron diffraction data electron
beam precession using this beam configuration is added.
This allows electron diffraction data acquisition with ex-
panded number of excited spots and with further minimized
dynamical effects suitable for crystal structure refinement
using kinematical and dynamical approach. For the above
described data collection strategy it is necessary to obtain
an accurate alignment of such a beam setting, which may
not be available as a default implemented option in a TEM.
Thus a general method to set illuminating conditions for se-
lectable beam convergence and probe size has been works
out for Transmission Electron Microscopes (TEM) fitted
with ps/pixel fast beam scanning control, (S)TEM, and an
annular dark field detector [3]. Additionally, scripts for dif-
ferent TEM platforms addressing the above described data
collection strategies were developed.
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Layered rock-salt-type oxides A, M, O, (A — alkali cation,
M - transition metal cation) are among the most promising
positive electrode (cathode) materials for metal-ion batter-
ies, offering specific capacity up to 250 mAh/g The parent
structure of the A, .M, O, oxides is based on “cubic” close
packing of oxygen atoms where the A and M cations oc-
cupy octahedral interstices in an ordered manner forming
alternating layers. On a local scale, however, the structure of
these materials is much more complex, featuring different
kinds of defects and partial disorder, related to fractional
occupation of the octahedral positon in the M layers with
the excessive A cations (x > 0) with subsequent A/M or-
dering, antisite A/M disorder, stacking faults in the A/M
ordered layers and twinning of the close packed layers.
Electrochemical extraction of the A cations introduces in-
tricate evolution of the defect structure, related to gliding of
the close packed layers with respect to each other, partially
reversible migration of the M cations to the vacant positions
in the A-layers with subsequent ordering to a spinel-type
structure, trapping of the M cations in the tetrahedral inter-
stices, anion vacancies due to oxygen loss at high potentials
and surface structure “densification” due to the oxygen loss
or even a conversion to a framework structures. The defect
structure of the pristine, charged, discharged and cycled
A, M, O, materials will be demonstrated using aberra-
tion-corrected scanning transmission electron microscopy
and correlated with the peculiarities of their electrochemical
behavior, such as operating potential, capacity and voltage
fade [1-3].
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With the recent advances in synchrotrons and area detec-
tors, high quality single crystal diffuse scattering datasets
can be routinely measured in a matter of minutes. However,
analysis of diffuse scattering is still a bottleneck. It often re-
quires construction of multiple test models and complicated
refinements, and typically takes months of work and tens of
thousands of computer hours.

Recently it was shown that in favourable cases of transla-
tional disorder diffuse scattering can be analyzed analogous
to the Bragg peaks[1]. In such cases diffuse scattering can
be used as a ‘virtual structure factor’, which can be com-
bined with conventional structure factor to improve the res-
olution of refined atomic structure.

In the present contribution we extend this approach to the
case of crystals with dilute defects. We show how informa-
tion about defect distribution can be deconvolved from the
virtual structure factor, and how the structure of defect can
be found from diffuse scattering alone, without the use of
Bragg peaks.
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