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Aberration-corrected microscopy and new generations of instruments have the potential of 
significantly improving the development of new materials by providing superior imaging resolution, 
stability and spectroscopic capabilities. Applications of these techniques in the area of catalytic 
materials, functional oxides and electronic materials have emerged since the first aberration-
corrected microscopes were developed over 10 years ago [1-5]. New developments in commercial 
instruments have, furthermore, made it possible to significantly broaden the impact of these new 
technological developments. Here we report on example where aberration-corrected instruments 
have provided significant benefits in various areas of applications related to the study of electronic 
properties of complex oxides and nanoscale materials such as carbon nanotubes. 
 
Experiments were carried out with a FEI Titan 80-300 Cubed equipped with two aberration 
correctors and a monochromator. This instrument achieved an information limit of 0.65-0.6Å, a 
STEM information transfer of better than 0.7Å and an energy resolution in EELS of 0.13eV.   
 
STEM imaging of the multiferroic compound Bi2FexCryO6 has revealed the well-resolved transition 
metal sites between Bi bi-layers suggesting, directly from the High-Angle Annular Dark-Field 
HAADF images, similarities with an Aurivillius-type structure for this material (figure 1) that 
provides new insight on the magnetic properties of the thin films [6]. Energy-loss spectroscopy 
measurements at the CrL2-3 and FeL2-3 edges were also used to determine the valence of the Fe and 
Cr atoms. Phase contrast images also revealed additional information on the layer-by-layer growth 
mechanism of the films and the nature of defects at the interface with the SrRuO3 substrate. 
 
With highly stable instrumentation, detailed information on the structure and roughness of interfaces 
can be provided by HAADF STEM. For example, in (Ba0.4Sr0.6)(Ti0.5Nb0.5)O3 metallic oxide thin 
films deposited on MgAl2O4 substrates, HAADF imaging (figure 2) provides direct evidence of 
lateral roughness at the level of few atomic cells. Combined with complementary focal series 
reconstruction of the phase contrast images, the STEM data provides detailed information necessary 
to understand the electronic structure changes of the first few atomic layers of these metallic oxide 
thin films in perfect epitaxial registry with the substrate (and less than 0.5% lattice mismatch). EELS 
data demonstrated the subtle changes in the Ti L23 edges as compared to reference compounds with 
nominally similar Ti3+ valence (Figure 3). These results suggest that strain can induce valence 
changes. 
 
Examples demonstrating the benefits of aberration-corrected low accelerating voltage microscopy in 
the study of carbon-based nanostructures show that it is possible to visualize single polymer chains 
wrapped around nanotubes (Figure 4) through the process of supramolecular functionalization [7] 
and other approaches[8,9]. 
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Figure 1: HAADF micrograph of BiCrFeO 
multiferroic material demonstrating the Bi-O bi-
layers and the transition metal perovskite slabs. 

Figure 2: HAADF micrograph of the 
interface between (BaSr)(TiNb)O3 (top) and 
MgAl2O4 (bottom) demonstrating the 
interface roughness.  

 

  
 

Figure 4 (right):  
Supramolecular 
functionalized 
single wall 
nanotube [7] 

Figure 3 (above): TiL23 edges in 
(Ba0.4Sr0.6)(Ti0.5Nb0.5)O3 and Ba(Ti0.5Nb0.5)O3. 
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