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Abstract An electron energy loss spectroscopy (EELS) instrument attached on transmission electron micros-
copy (TEM) becomes a powerful and analytical tool for extracting the noble information of materials using the
enhancement of TEM images, elemental analysis, elemental or chemical mapping images, electron energy loss
near edge structure (ELNES), and extended energy-loss fine structure (EXELFS). In this review, the principle and
applications of EELS which is widely used in material, life, and electronic sciences were introduced.
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Fig. 1. An EELS spectrum can be split into two regions: the low loss region, dominated by the zero loss peak and plasmon
interactions, and the high loss region, containing core loss edges. The intensity of the core loss edges is much lower than that
of the low loss features, due to the low scattering probability of inner shell ionization and a gain change is needed to view

these features®.
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Fig. 2. Schematic of a TEM with an imaging filter (EELS)
reproduced from Egerton?,
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Fig. 3. Energy loss specfra of the oxygen K and transition metal L, ;-edges from a series of LITMO,(top and a series of TM

oxides (bottom)®. TM means a transition metal.
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Table 1. The relative comparison of EELS and EDX.

EELS
Source X-ray Energy loss electron™®
Quantification Good Good
Electronic structure Impossible Possible
Thick specimen Good Bad
Elemental weight Heavy Light
~~~Mapping Slow (hrs) Fast (TEM or STEM mode)
Artifact Yes Very small
Energy resolution Frequent overlap No overlap
Spatial resolution Not good Good
Sensitivity Not bad Good
*The reasons of the powerful tool for the light elements in the EELS analysis.
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Fig. 6. Schematic diagram on the “Three window technique” in EELS spectrum. Two Pre-edge images and one post-edge
image, respectively, before and after ionization edge are acquired in EFTEM mode and, from two pre-edge images, the
background of the edge is subtracted. Finally we can get only signal intensity above the dot line which means the back-
ground containing the edge peak of EELS spectrum.

Fig. 7. (a) A diamond thin film of approximately 10 nm grains in diameter. (b) A sp® chemical mapping image, which shows
that the grain matrix has sp® bonding.
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