
318 

Quantitative High-Resolution TEM/STEM and Diffraction 

LBP.IM.P04 
Multi-CTF decomposition of the power spectrum of the zero-loss 
energy filtered and non-filtered images of amorphous carbon films 
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    The contrast transfer function (CTF) describes the imaging formation process for weak phase/weak 
amplitude objects in TEM. In conventional image modeling, the effects of inelastic scattering are 
simply neglected or only partially included. Nevertheless, the accuracy of the description of the image 
formation of thin samples (<30nm) [1-4], as well as the energy Zero-Loss filtered imaging, is relatively 
high [5]. In the case of non-filtered imaging of relatively thicker samples (> 30nm) this approach gives 
unsatisfactory results. As the simplest example, the rotationally averaged power spectra (PS) of the 
amorphous carbon specimens (rotationally averaged Thon rings) cannot be reproduced using only a 
single CTF approach, especially when the low frequency part of the PS is considered. Application of a 
single CTF interpretation to address the discrepancy between experimental PS of the amorphous 
carbon and CTF theory using Zero-Loss energy filtered images has been attempted [6]. However the 
agreement for the low frequency part of the spectrum remained very poor and unexplained.  
    Here, we suggest that multi-CTF decomposition is required to be able to understand the lower 
frequency contributions in the PS. Extra signal in the lower frequencies of experimentally obtained 
PS’s appears to be fully due to the inelastically scattered electrons. These electrons possess their 
own, independent, but very incoherent CTF components, which still contribute to the final image 
background.  
    We provide a clear theoretical insight supporting the introduction of the multi-CTF decomposition. 
The experimental PS of non-filtered and Zero-Loss energy filtered images of amorphous carbon will be 
decomposed and explained within this presentation. A semi-empirical approach will be used to de-
couple the DQE of the detector and the incoherence’s caused by the source and the sample itself. 
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