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Picometer Electron Microscopy
- An expedition into the world of atoms by aberration-corrected electron optics

The realization of aberration-corrected lenses has triggered a quantum jump in electron optics. The recent
generation of transmission electron microscopes with aberration-corrected optics allows materials science in
atomic dimensions and to measure individual atomic positions with picometer precision. This fulfils an old
dream of condensed matter physics to derive macroscopic materials properties directly from observations on
the atomic level. However in order to realize this ultra-high resolution it has to be accepted that optics in
atomic dimensions is based on quantum physics and that the term “image” looses its conventional meaning.
As a consequence access to the atomic-resolution information requires the numerical inversion of the non-
linear imaging process by quantum-mechanical and optical image calculations on the basis of solutions of
the Dirac equation. After a brief introduction into the basics of aberration-corrected electron optics and the
physics of atomic-resolution microscopy studies on ferroelectric perovskitic oxides will be presented which
provided new insight into the subtle atom relaxations forming the basis for the particular electronic
properties of these materials.
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