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The development of new types of materials such as advanced carbon-based nanostructures also requires
the development of new surface sensitive characterization techniques to fully unravel the materials’
structures. With regards to “surface” sensitive materials, low energy electron microscopy can be a very
powerful tool for precise study of these sensitive materials, see Figure 1, A. Modern commercial scanning
electron microscopes enable imaging and analysis of samples by low energy electrons even at very high
magnification.

In the case of carbon based nano-materials, we have to also take care about their possible non-conducting

character (presence of sp3 C-C bonds or their doping by oxygen, nitrogen, etc.), which can cause the
charging of the samples during electron irradiation. Luckily, at low landing energies, a charge balance
could be achieved when an electron beam impinges on an insulating surface, at so-called critical energy:
the number of impacted electrons equals the number of emitted electrons, as a result of which the charging
effect is not observed. Figure 1, B shows the selected doped carbon nanostructures, where the ideal
observation energy (critical energy) was discovered at 0.5 keV.

The low-energy-electron irradiation (treatment) can be also a powerful technique for the removal of
adsorbed molecules and even polymer residues (PMMA) used for example for CVD graphene transfer.
The most powerful electrons had an energy of about 500 eV, but the big impact of graphene quality was
observed by Raman spectroscopy. According Raman spectroscopy, 50 eV electron treatment is more
appropriate for graphene cleaning. During 50 eV irradiation, the polymer residues were successfully
removed, and graphene quality kept its original state, see Figure 2. It should be noted, that electron-
induced in-situ cleaning procedure can be gentle, experimentally convenient and very effective for wide
range of specimens. [1, 2]

The samples were studied by a unique method involving scanning low energy electron microscopy
(SLEEM, SEM equipped with a cathode lens system - CL) and low voltage scanning transmission electron

microscopy (LV STEM). Specifically a XHR S(T)EM Magellan 400 (FEI®) microscope was used [3].
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Figure 1. A: Surface sensitivity (nanoporous carbon-based materials). Monte Carlo simulations of
interaction volumes at 0.5 keV, 2 keV and 5 keV in the material. B: Charging elimination (heteroatom-

doped metal carbonate-based nanostructures).
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Figure 2. Treatment by slow electrons (graphene).
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