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Materials research for advanced nano-scale and thin film materials, layered structures 
and interfaces has established itself as a fascinating and attractive research field because of its 
fundamental importance in understanding the chemical and physical properties of these 
materials and in evaluating their potential for technological applications. Advanced high-
resolution transmission electron microscopy (HRTEM) including the new developments of 
aberration-corrected HRTEM plays a crucial role in characterizing layered structures and 
interfaces on the atomic scale which is important for establishing structure-property 
relationships. 

The presentation will summarize electron microscopy investigations of interface and 
surface phenomena of transition metal dichalcogenide crystals, with a focus on self-
assembled surface nanostructures and metal intercalation for layered chalcogenide crystals 
[1-4] and on the effects of interface incommensurability in epitaxial layers [5] and in misfit 
layered compounds [6,7].  

As an example, Fig. 1 shows the projected crystal structure of the incommensurate 
misfit layered compound (PbS)1.14NbS2 and the corresponding diffraction pattern revealing 
the incommensurability by an irrational spacing of lines of reflections arising from the two 
subsystems PbS and NbS2. Fig. 2 demonstrates that direct imaging of the atomic structure 
becomes possible with aberration-corrected HRTEM whereas conventional HRTEM fails to 
produce directly interpretable image contrast. One of the reasons for this behaviour is the 
strong suppression of image delocalization due to aberration-correction which is illustrated 
by the image intensity simulations in Fig. 3 [7]. By applying aberration-corrected HRTEM, 
the positions of atomic columns can be determined with high precision allowing the atomic 
structure to be determined not only in defect-free areas of the crystal but also in the presence 
of local inhomogeneities and crystal defects [6]. 
1. S. Hollensteiner, E. Spiecker and W. Jäger, Appl. Surf. Sci. 241, 49-55 (2005). 
2. E. Spiecker, S. Hollensteiner, W. Jäger, H. Haselier and H. Schroeder, Microsc. 

Microanal. 11, 456-471 (2005). 
3. E. Spiecker, A. Schmid, A. Minor, U. Dahmen, S. Hollensteiner and W. Jäger, Phys. 

Rev. Lett. 96, 086401 (2006). 
4. S. Hollensteiner, W. Sigle, E. Spiecker and W. Jäger, Z. Metallk., 96, 888-893 (2005). 
5. E. Spiecker, W. Jäger, J. Brandt, L. Kipp, Proc. 16th Int. Microscopy Congress IMC-

16. Sapporo, Japan, eds. H. Ichinose, T. Sasaki, Vol. 3, 1369 (2006). 
6. M. Garbrecht, E. Spiecker, W. Jäger, K. Tillmann, MRS Proc. Vol. 1026E, eds. E. 

M6.236 - 419 - MC2009

W. Grogger, F. Hofer, P. Pölt (Eds.): MC2009, Vol. 3: Materials Science,

DOI: 10.3217/978-3-85125-062-6-582 , © Verlag der TU Graz 2009



Snoeck, R. Dunin-Borkowski, J. Verbeeck, and U. Dahmen, 1026-C10-01, 2007. 
7. E. Spiecker, M. Garbrecht, W. Jäger, K. Tillmann, J. Microscopy (accepted).  
8. This work was supported by the German Research Foundation (FOR 353/2-1, SP 648 

2-1). The aberration-corrected HRTEM studies have been carried out at the Ernst-
Ruska Center in Jülich. We thank K. Tillmann for support during these experiments. 

 

 
Figure 1. Crystal structure of the incommensurate misfit layered compound (PbS)1.14NbS2 
projected along the commensurate interface direction and corresponding electron diffraction 
pattern. 
 

´  
Figure 2. Comparison of experimental and simulated HRTEM images for a (PbS)1.14NbS2 
crystal imaged along the commensurate interface direction. a) Conventional HRTEM and b) 
aberration-corrected HRTEM imaging under NCSI conditions [7]. 
 

 
Figure 3. Illustration of the effect of image delocalization for a single unit cell of 
(PbS)1.14NbS2 (Fig. 1a) embedded in vacuum. a) Multislice simulation of a conventional 
HRTEM image. b) Corresponding multislice simulation for NCSI-conditions in aberration-
corrected HRTEM [7]. 
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