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Electron Holographic Tomography (EHT) has been shown to be a powerful tool for directly
measuring electric potentials at medium resolution in three dimensions (3D). Although Electron
Holography enables the retrieval of waves also at atomic resolution, it has not yet been
possible to reconstruct the 3D information from a specimen with atomic resolution. That is
because tomographic reconstruction schemes generally assume a linear transfer of specimen
information (e.g. the potential) into the recorded signal. At medium resolution and orientation
out of zone axis this is valid for the phase of electron waves (in the Phase Grating
Approximation). However, as dynamic scattering becomes dominant at atomic resolution this
linear approximation becomes invalid. The aim of this work was to examine and clarify the
artefacts and errors that are created by this disparity of applying standard tomographic
reconstruction methods. The obtained results are important for the development of
tomographic schemes suited for atomic resolution.
To that end tilt series of a single gold nanocrystal were simulated and subsequently
reconstructed; the thusly acquired electric potential is analysed and compared to the original
specimen potential. Care has been taken to avoid low-index zone axes during tilt. Furthermore,
special attention was paid to the influence of regularisation on the reconstruction. In order to
characterise the reconstruction quality several generic defects have been simulated apart from
a pure crystal: a lattice vacancy, a substitute atom and a shifted atom.
The results show that the neglection of Fresnel diffraction of the wave, while transmitting
through the specimen, in standard tomography is the dominating artefact in the reconstructed
potential. It leads to broadening of the reconstructed atomic potentials and a characteristic dip
at their centre (see Fig. 1); both artifacts depend on the distance to the focal planes of the
individual waves of the tilt series. Apart from that, the reconstructed atomic potential
information is well located around the original atomic position, as shown by the well-localized
effect of the atom removal / substitution in the reconstruction (see Fig. 2).
Consequently, linear reconstruction schemes are not disqualified per se at the atomic level: If
they could be augmented to include the Fresnel Propagation they may become a viable
method for the reconstruction of experimental data. However, the numerous problems of the
experimental acquisition of atomic resolution tilt series will prove to be additional hurdles on
the path to 3D atomic resolution.
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Fig. 1: A stripe of a cross section through the reconstructed
potential of a gold monocrystal (diameter about 4 nm). The
simulated projections, used in the reconstruction, were at
1° intervals from -90° to 89° and for each orientation the
focus was set to the object exit plane.
 

 
Fig. 2: Equivalent areas of a cross section through the
reconstructed potentials of gold monocrystals. (A)
exclusively made up of gold atoms, whereas (B) one atom
replaced with a silver. Their difference (C) = (A-B) shows
the influence of the different Z of Gold and Silver.
 


