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The development of advanced charged particle optical systems has pushed the attainable 
resolution and the analytical capabilities of electron microscopes to new levels of precision and 
energy resolution. This process of further advancing the overall performance of electron 
microscopes is still going on and the current state and future prospects of these developments will 
be described. 

In 1936, just a few years after the invention of the transmission electron microscope (TEM), O. 
Scherzer showed the impossibility to design an objective lens without spherical and chromatic 
aberration. In the nineties of the last century commercially available TEMs improved with respect 
to stability and resolution. As a consequence, the spherical aberration of the objective lens became 
the dominant limitation of the point resolution which, however, does not limit the information 
limit. Therefore, the interpretability of the images is strongly reduced due to the increased 
difference between information limit and point resolution. This resulted in an increased 
delocalization of information within the images obtained with such high resolution TEMs 
equipped with high brightness sources. 

From 1992 to 1997 a joint project, funded by the Volkswagen Foundation in Germany, brought 
together scientists from materials science (K. Urban, Juelich), theoretical charged particle optics 
(H. Rose, Darmstadt), and experimental electron optics (M. Haider). By means of a Hexapole Cs-
corrector based on a design idea of H. Rose [1] it was possible to demonstrate an improvement of 
resolution in a 200kV TEM [2, 3]. It became clear that not only the achieved improvement of 
resolving power also the vanishing delocalization and, therefore, the enhanced visibility of light 
elements in a Cs-corrected instrument are important parameters for imaging irregular structures 
like interfaces, dislocations, stacking faults and etc.  

As soon as the Cs-correctors became almost a standard component of modern electron 
microscopes a further improvement of the resolution was requested. The main limitation which is 
left is the chromatic aberration Cc. The product of Cc*dE is the limiting parameter with dE, the 
energy width of the primary beam. This parameter can be tackled by a reduction of either dE or Cc. 
The energy width dE can be decreased by employing a monochromator and the chromatic 
aberration can only be reduced substantially by a Cc-correction system. Such a corrector has been 
developed for the TEAM initiative in the US [4]. For this project an advanced Hexapole-corrector 
for STEM [5] and a so called Achroplanator (a system which compensates the spherical and the 
chromatic aberration) has been developed and are installed at the NCEM, Berkeley, USA.  The 
resolution achieved in STEM as well as in TEM mode with this corrector is superior of all other 
systems before [6].  

The full compensation of both limiting aberrations could be demonstrated. Furthermore, this Cc-
corrector development for TEM is a first step for a new class of instruments for which the 
objective lens can be designed most appropriate for the work one would like to carry out. Besides 
the medium voltage instruments additional projects are currently ongoing which are extending the 
energy range down to the 20kV regime or up to 1.2 MeV.  The current state of developments will 
be explained and the future prospects of ongoing projects will be described in the presentation.  
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