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    Scanning Low Energy Electron Microscopy (SLEEM) is a Scanning Electron Microscopy technique  
in which electrons of an arbitrarily low incident energy (10

3
–10

0
 eV) are used [1]. It makes use of the 

cathode lens principle [2], allowing to preserve a very good image resolution even at the lowest 
incident electron energies. 
     In the incident electron energy range 0–30 eV, electron reflectivity can be correlated with the 
electronic structure of the material [3], from which the local crystallographic orientation of the specimen 
may be determined [4].  In this range, each grain exhibits a unique reflectivity curve (see Fig.1), which 
is indicative of its particular crystallographic orientation. Our work aims at high-speed semiautomated 
crystallographic orientation determination with a high lateral resolution and surface sensitivity. 
    The experiments were carried out on polycrystalline and single crystal samples of high purity copper 
and aluminium. The samples were ex situ cleaned by solvents and inserted into an ultra-high vacuum 
Scanning Low Energy Electron Microscopy (UHV-SLEEM III) apparatus. They were subsequently in 
situ cleaned by several cycles of argon ion sputtering and flashing to 400–450°C. The surface 
cleanliness was verified by Auger Electron Spectroscopy (AES). The samples were then imaged at 
very low electron energies in the range from 0 to 30 (or 45) eV with a step of 0,3 eV. The image data 
were then used to estimate the reflectivity curves of the specimens. The experiment was performed for 
a variety of specimen tilts in the range of ±2° and for several working distances. 
    Factors that influence the measured reflectivity are discussed in detail. The state of the specimen 
surface, such as roughness or the presence of hydrocarbon adlayers and native oxide, is an influence 
on its own [5]. The geometry of experimental setup (specimen tilt, distance of the studied point from 
the optical axis, working distance) is given special attention as both the signal and its collection 
efficiency hinges on it. This particular cathode lens setup with a central-bore scintillation detector 
allows also discerning the in-plane orientation of a crystal face, as shown for the twin grains in Fig. 2. 
This is probably due to the strongly directional reflectivity distribution of the specimen – a result of 
diffraction effects [6] – which causes a portion of the signal to disappear in the central bore of the 
scintillation detector. This effect is more pronounced in denser crystal faces. The ability of this method 
to discern between twins (grains of identical orientation, but rotated about an axis perpendicular to the 
surface) , is illustrated in Fig. 3. The very low energy electron reflectivity is a promising method for the 
determination of local crystallographic orientation. 
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Figure 1. The reflectivity of differently oriented Cu grains close to basic orientations at incident energies 0–30 eV. 

 

 
Figure 2. The reflectivity of twin grains in polycrystalline copper. The Euler angles (Bunge) are given in the inset. 

 

 
Figure 3. Twin grains in polycrystalline Cu at incident energies 17.1 eV, 14.1 eV, 10.8 eV. 

 
 


