ATOMIC IDENTITY CHECKS
It become pretty much a routine, albeit an expensive one, to use transmission
electron microscopes for imaging atoms in a crystal. But what has often been
missing from those images is a crucial bit of information, the identity of the
chemical element that has been looked at. Of course, the grey scales in the contrast
of the different atoms do provide some information on the identity of an atom – at
least as long as it was already known what kind of crystal is imaged. A more
detailed and flexible elemental analysis, however, has been difficult. Writing
in Physical Review Letters, Knut Urban from the Forschungszentrum Jülich in
Germany and colleagues now report an improved energy-filtering technique that is
able to do a full elemental mapping on the atomic scale.
Unlike optical microscopes that use light to image a sample, electron microscopes
use, well, electrons. These electrons can be accelerated to very high energies to
image objects on the atomic scale. In principle, it is also possible to obtain more
information from these electrons than just that some atom is there in the image. As
the electrons pass through a sample, they also bounce off these atoms, and lose
energy in this process. How much energy is lost depends on the type of atom
involved, so that by measuring the energy loss it is possible to figure out which
chemical element is involved.

Chromatic aberration is an image distortion where colours are not mapped correctly on top of each other.
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To do the necessary energy filtering for all sorts of atoms, it is necessary to
measure a broad range of energies of the scattered electrons. The problem doing
this with an electron microscopes is that like in optical cameras there can be image
artefacts. In particular chromatic aberration, see the figure on the right, is
problematic here. Electron beams of different energies (colour) are not lined up,
which distorts the image and reduces resolution. Although mapping on the atomic
scale had been possible, only a limited number of elements could be resolved in
that way.

A breakthrough has now come from a new generation of electron microscopes that
have a built-in correction for chromatic aberration. These latest “TITAN”
microscopes from the Dutch American company FEI (as used in this study) allow a

larger energy scale to be sampled, so that elemental mapping has become more
accurate.
In particular, Urban and colleagues applied this new technique to a material where
crystals can be grown with unmatched precision: silicon. The image below of
silicon atoms clearly shows the “dumbbell” arrangement of silicon atoms in pairs.

The scattering patterns observed in these images are rather complex, and studying
these and comparing them to computer models will make it possible to gain more
information on the chemical elements in the samples. In this case, the sample
consists of only one type of atoms – silicon. It will now be interesting to see how
good this approach is in resolving different elements. Still, it is amazing to see how
much progress still can be made with a relatively established imaging technique
such as electron microscopy, and how new sciences arises from improved
measurement techniques.
Note – 11 June 2013: this blog post has been corrected to state that FEI is an
American company.

Mapping of silicon atoms in a high-resolution transmission electron microscope. The image shows a
study of silicon atoms imaged for different microscope focus and sample thickness. Copyright (2013) by
The American Physical Society.
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