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Atomic-resolution core-loss inelastic scattering in a scanning transmission electron microscope (STEM) 

is a powerful tool for resolving the local elemental composition and electronic bonding states in 

materials. However, due to the strong interaction of the incident electrons with the material, spatially 

resolved inelastic scattering signals are always modified to some extent by the unavoidable elastic 

scattering events, even in relatively thin samples. This modification is often evident in atomic-scale 

elemental maps. For example, inelastic scattering signals of unexpected strengths [1], “volcano” patterns 

around heavy atomic columns [2, 5], and “negative” contrast where the atomic columns appear “dark” 

[3, 4] have all been observed experimentally. Such effects imply that an atomic-scale elemental map 

does not necessarily reflect the atomic-scale elemental distribution in the material. Hence in such cases 

electron scattering simulations are often needed to gain a reliable interpretation. However, this process 

becomes a paradox for the interrogation of structurally unknown specimens. Therefore, a sensible 

correction method that can reliably recover the underlying chemical structures is highly needed. 

 

In this talk, we first present a systematic study of the contrast in atomic-scale elemental maps acquired 

using core-loss electron energy-loss spectroscopy (EELS) in the STEM. Specifically, we perform a 

detailed analysis of Si-L maps of single-crystal silicon for both a wide range of energy losses and a large 

range of sample thicknesses. Our results show that, for moderately thin samples (0.5λ, λ ≈ 110 nm for 

the beam energy used here), the Si-L maps exhibit practically no contrast for energy losses within the 

first 40 eV of the Si-L2,3 edge onset (Figure 1). For thicker samples (up to 1.6λ), the contrast is negative 

at the edge onset and evolves to become positive at higher energy losses. The energy loss at which the 

contrast changes from negative to positive is demonstrated to be linearly dependent on the sample 

thickness, a result which is also supported by our double-channeling simulations. Following our analysis 

of the counterintuitive contrast, we employed the method of division by quantitative incoherent bright 

field maps, to correct core-loss maps and restore an intuitive “positive” elemental contrast (Figure 2). 

This method is demonstrated to yield reliable results over the entire (large) range of energy losses and 

thicknesses studied here, i.e., up to energy losses of 600 eV beyond threshold and sample thicknesses up 

to 1.5λ. Our detailed observations of the counterintuitive contrast in atomic-resolution elemental maps, 

and how to correct it, should be of great value in guiding future STEM-EELS investigations on 

unknown specimens. [6] 
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Figure 1.  Atomic-resolution Si-L maps at different energy losses and sample thicknesses (a–l). For a 

thickness of 1λ, maps derived after deconvolution are also shown (m–p), where the insets show the 

results of low-pass Gaussian filtering with a FWHM of 0.04 nm. The simultaneously acquired ADF 

images are shown on the left. 

 
Figure 2.  Corrected atomic-resolution Si-L maps at different energy losses and sample thicknesses (a–

l). The simultaneously acquired ADF images are shown on the left. The maps exhibit intuitive chemical 

contrast in all cases, except in (i) where the map is dominated by noise. 
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