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Recently an electromagnetic hexapole system for the correction of the spherical aberration of the objective 
lens of a 200 kV transmission electron microscope was constructed by Haider and coworkers [1]. Integrat-
ing this system in a Philips CM200 FEG ST an increase in point resolution from 0.24 to better than 0.13 nm 
could be demonstrated [2]. However, transmission electron microscopy involving an aberration corrector 
offers additional features of interest for materials science application. 

By appropriately exciting the hexapole elements it is possible to adjust specific values of the spherical aber-
ration coefficient CS ranging from the value of the original objective lens to zero. Thus CS enters as an addi-
tional variable, besides the defocus value Z, into the wave aberration function 
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whereλ  is the electron wave length and g
r the spatial frequency.  

Adjusting the corrector for CS=0 and applying Z=0 the phase-contrast term - sin2 ( )πχi g in the transfer 
function vanishes. On the other hand, the amplitude-contrast term cos2 ( )πχ g adopts its maximum value 1. 
This means that in the fully aberration-corrected mode the microscope images atomic structures by ampli-
tude rather than by the usual phase-contrast [3]. In the electron exit-plane wave function local amplitude 
variations are produced by electron diffraction channeling. The projected atom columns are imaged by 
bright contrast on a dark background. As demonstrated by the simulation for Ge [110] in Fig. 1 maximum 
contrast occurs at thicknesses of half the extinction distance defined by the two most excited Bloch waves 
and odd multiples of it. This mode has the special advantage that contrast delocalization defined by the ra-
dius of the point-spread function ( maxg - information limit) [4] 
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is zero and optimum imaging of defects, boundaries and interfaces can be achieved. 

Besides this pure amplitude-contrast mode other imaging modes are available in which phase-contrast con-
tributes to the image in addition. In order to determine the optimum values for Z and CS for this kind of im-
aging an optimization problem has to be solved which yields an optimum defocus and spherical-aberration 
setting. This pair of values represents the equivalent to Scherzer’s defocus in idealized weak-phase object 
imaging. The optimization problem arises from the fact that finite values for Z and/or CS induce contrast de-
localization. A detailed treatment of this problem [3] yields for the optimum values yielding maximum phase 
contrast at a minimum of delocalization 
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For the CM200 FEG ST one obtains for λ=2.5 pm and an information limit of 7.3 nm-1 the values 
CS,opt=53 µm and Zopt= -13.3 nm. Under these conditions the contrast delocalization amounts to 
Ropt=0.081 nm. In such a calculation, in the same way as in conventional transmission electron microscopy 
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and the derivation of the idealized Scherzer formula, only phase shifts introduced by the electron optics are 
taken into account. Phase shifts already contained in the electron exit-plane wave function are not consid-
ered. In practice it has proven to be advantageous to take a through-focus series of images and to accom-
pany the practical high-resolution work by image simulation or exit-wave function reconstruction. This not 
only allows to define the conditions for Z=0, it also permits to select and understand the images taken under 
optimum conditions.  

The following examples of images are taken at Z=0/CS=0. Figure 2 (courtesy K. Tillmann) shows an appli-
cation for the determination of Al-concentration profiles in low-temperature GaAs/AlAs heterostructures. 
Due to the absence of contrast delocalization the profile can be directly derived from the (002) component 
of the Fourier transform of the image intensity distribution. Figure 3 (courtesy J.L. Jia) shows a tilt boundary 
in (BaSr)TiO3 along the [100] zone axis demonstrating the high quality of delocalization-free interface imag-
ing under amplitude contrast conditions. Figure 4 (courtesy J.L. Jia) demonstrates the high resolution of 0.14 
nm in (BaSr)TiO3 along the [110] zone axis. 

References 

[1] M. Haider, H. Rose, S. Uhlemann, E. Schwan, B. Kabius, K. Urban, Nature 392 (1998) 768. 
[2]    M. Haider, H. Rose, S. Uhlemann, E. Schwan, B. Kabius, K. Urban, Ultramicroscopy 75 (1998) 

53. 
[3]     M. Lentzen, B. Jahnen, C.L. Jia, A. Thust, K. Tillmann, K. Urban, Ultramicroscopy, in press. 
[4] H. Lichte, Ultramicroscopy 38 (1991) 13. 
 
 

 
Fig.1 Calculated through-focus and through-thick-
ness image series of Ge [110] for CS=0. 

Fig. 3 Tilt boundary in (BaSr)TiO3 at Z=0 and 
CS=0. Viewing direction [100]. 
 

 

Fig. 2 GaAs/AlAs heterostructure at Z=0 and 
CS=0. 
 

 
Fig.4  (BaSr)TiO 3 [110] at Z=0/CS=0. The se-
paration of TiO/O columns (arrows) is 0.14 nm.  
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