HYPERSPECTRAL EELS IMAGE UNMIXING
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Electron Energy Loss Spectroscopy (EELS) performed in a Scanning Transmission Electron
Microscope (STEM) provides hyperspectral images characterized by a large number of pixels and
energy channels (typically 100 x 100 x 1000) [1]. EELS enables the chemical and electronic
investigation of a material at a resolution of less than 1 nm. The elements are mapped using
characteristic edges falling in the loss range energy of approximately 10-2000 eV. These excitation
edges exhibit fine structures providing chemical bonding information. As these structures can
extend to over 50 eV, overlaps between some of the usable edge structures may occur. In addition,
data often contain spatially mixed pixels. Indeed, the relevant signal corresponding to the atoms in a
particular configuration (at a defect or at an interface) is generally mixed with the signal of the bulk
material. Therefore retrieving the signals characterizing the different components present in the
sample is essential to fully exploit the experimental data.

Figure 1 STEM image and maps of the unmixed components for LiCoO2. Separating the intensity of Li K-edge
and of Co M2,3 edge in the 50-70 eV energy range is particularly difficult.

Various unmixing methods have been applied to the processing of hyperspectral EELS images:
geometrical approaches such as VCA [2] or statistical ones such as ICA [3] and Bayesian method
such as BLU [4]. The linear mixing model is the most commonly used as it generally provides
relevant results. However, in complex cases where hypotheses such as a macroscopic mixing scale
do not hold, considering non linear mixing models could bring a significant improvement [5].
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