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Two-dimensional (2D) materials have attracted huge interest since isolating of free-standing 
graphene. The reason is their interesting properties and promising potential applications [1]. 
Scanning electron microscopy with slow and very slow electrons offers an innovative tool enabling 
to study 2D materials in detail. In order to examine mutually overlapped flakes of two-dimensional 
crystals such as 2D transition metal dichalcogenides with an electron microscope we need to obtain a 
contrast contribution from a single layer of atoms. This task requires increasing the scattering rate of 
incident electrons by means of a drastic lowering of their energy to hundreds of eV or less. 
 
Scanning Low Energy Electron Microscopy (SLEEM) was used to distinguish, or even count, TiSe2 
and NbSe2 layers on silicon substrate in the reflection mode. The samples were prepared by 
mechanical exfoliation (scotch tape method) and they were placed on the silicon wafer. While the 
low energy mode 100 eV ≤ E ≤ 5000 eV is sufficient to distinguish the individual layers, the ultra-
low energies have a potential to count the layers from characteristic oscillations in the reflection 
mode. The position of minima in reflection spectra are in good agreement with a theoretical model 
based on the first principle Density Functional Theory (DFT). 
 
As the most important advantage of SLEEM for study of 2D materials can be highlighted its very 
small interaction volume of impacted electrons. It means that the major part of the signal comes from 
the studied materials as presented in Figure 1. For illustration, the simulations of interaction volumes 
were provided by Monte Carlo simulations in software Casino [2]. 
 
Ultra-low energy electron reflectivity computations are performed using the Quantum Espresso suite 
for quantum simulation of materials [3].  The local density approximation with spin-orbit coupling, 
norm-conserving fully-relativistic pseudopotentials [4], and Perdew-Zunger exchange-correlation are 
used in the simulation. To add spin-orbit interaction we have modified Bloch wave matching 
algorithm from J. McClain thesis [5]. The images and DFT simulation of NbSe2 multilayers are 
presented in Figure 2. [6] 
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Figure 1.  TiSe2 flakes observed at 100 eV, 500 eV and 5000 eV by SLEEM and Monte Carlo 
simulations of interaction volumes (blue trajectories: forward scattered electrons, red trajectories: 
backscattered electrons). 
 

 
 
Figure 2.  Simulated low energy electron reflectivity spectra of free-standing 2H-NbSe2 for 1, 2 and 
3 layers from bottom to top, curves are shifted vertically in integers for clarity (left). The inversion of 
contrast was observed at landing energies 2.5 eV, 4.5 eV and 6.5 eV (right). 
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