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Beam energy, or equivalently acceleration voltage, should be considered an intrinsic important 
experimental parameter for high resolution TEM imaging. For each material there is an optimal 
acceleration voltage that represents the best compromise between sample stability (radiation 
damage), contrast and resolution. A TEM that allows great flexibility in acceleration voltage 
operation also allows great flexibility in sample types. 
 
Radiation damage occurs when a specimen is exposed to the TEM electron beam. For organic 
specimens for example, the primary damage process is the inelastic scattering, which causes 
molecular excitation or ionization or collective molecular excitation. Since the inelastic cross-
section reduces with increasing acceleration voltage, the radiation damage can be reduced by 
imaging these types of specimen at higher voltages, for example at 300kV [1].  
 
Next to this damage process, there is a second type of damage. Due to the elastic scattering process, 
direct displacement of atoms can happen above a so-called energy (kV) threshold [2]. For specimens 
that are more sensitive to this type of radiation damage process, it is advantageous to reduce the 
acceleration voltage and find the right compromise between radiation damage and desired lateral 
resolution and contrast. Carbon Nano Tubes (CNT) are best imaged close to 80kV for these very 
reasons. 
 
The Titan 80-300 is optimized for the above described applications and complies with the need for 
flexibility in acceleration voltage. We investigated the behavior of the Titan operation at 80kV. The 
investigation was done using a Titan equipped with an image Cs-corrector [3,4]. Figure 1 shows a 
silicon gate oxide image in [110] direction at 80kV. The interface shows that the contrast 
delocalization effect is dramatically reduced [5] and that it contains a line resolution component 
down to 1 Ångström! Is Approaching 1 Ångström Possible? 
 
Since the correction of the third order spherical aberration –as achieved by the image corrector- 
reduces the Cs to values typically in µm range, the microscope contrast transfer function (CTF) now 
depends on the defocus spread caused by the chromatic aberration (temporal coherence) and other 
incoherent perturbations (e.g. specimen drift). For small defocus, the lateral coherence of the 
illumination system is negligible. At 80kV, due to the absence of magnetic saturation effects of the 
objective lens, the chromatic aberration is reduced. Theoretically, this leads to an information limit 
of about 0.16 nm.  In contradiction to this theoretical prediction, we found in our experiments 
information transfer down to even 0.1nm. Since at 80kV the chromatic aberration is dominant factor 
for resolution limitation, it is expected that the use of a monochromator will even improve the 
attainable resolution limits. In this contribution we will show new results on this topic. 
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Fig. 1. Gate oxide image in silicon [110] using Titan 80-300 equipped with an image Cs-corrector 
working at 80kV. The power spectrum shows line resolution down to 0.1nm. 
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