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The inelastic and elastic mean free paths (IMFP and EMFP) determine the largest 
sample thickness usable for transmission electron microscopy (TEM). At primary electron 
energies normally used for TEM (>50 keV), both mean free paths decrease as the primary 
energy is lowered. If the primary energy is lowered to below about 100 eV, IMFP is predicted 
to stop decreasing and to begin growing again [1, 2]. This opens up the exciting possibility of 
very low voltage TEM of sufficiently thin samples, with poorer resolution but greatly reduced 
radiation damage compared to conventional TEM. 

Previous investigations of this effect employed electrons field-emitted from a nanotip 
[3]. The incident electron energy was determined primarily by the tip-to-sample distance, and 
was not adjustable below about 40 eV. Similar experimental set-up as ours was proposed in 
[4], but with no experimental results at that time.  

In our arrangement, we have used a scanning low energy electron microscope 
(SLEEM) designed for the operation down to zero landing energy [5]. An addition detector of 
transmitted electrons modifies this microscope. The resulting combination of SLEEM / 
SLETEM (scanning low energy transmission electron microscope) uses the cathode lens to 
decelerate the primary electron beam just in front of the specimen surface, and is able to reach 
a resolution of a few nm even at landing energies in units of eV. This provides with flexibility 
to investigate the transmission of electrons through thin samples at electron energies as low as 
1 eV.  

A set up of the detection part of the instrument is shown in Figure 1. The primary 
electrons at 10 keV are decelerated by finely adjustable negative bias to the specimen. Signal 
electrons, both reflected and transmitted, are accelerated to detectors at ground potential. The 
SLEEM detector is formed by an annular disk of YAG single crystal with the diameter of the 
opening around the optical axis of 0.3 mm; the SLETEM detector consists of a PIN diode 
collecting the total transmitted signal. The geometry of SLETEM and the collection efficiency 
of the transmitted detector were optimised by using SIMION 3D software [6]. 

The experimental instrument is based on the ultrahigh vacuum SEM Tesla BS350 that 
was equipped by a Schottky field emission gun. The vacuum system and control electronics 
were fully renovated, too. 

We have shown first images at low energies of a holey carbon foil approximately 20 
nm thick [7]. In this study we used a 5 nm carbon foil; the images recorded at different 
energies are shown in Figure 2. Unfortunately, no indication of increase in the foil 
transparency at 1-2 eV compared to 20-100 eV was shown again. At certain energies we have 
noticed a higher contribution of secondary electrons to the total signal from the specimen. The 
signal from the foil is then higher than that from places where is no foil. Landing energy, at 
which this effect appears, depends on the foil thickness. This could be very easy method how 
to measure the sample thickness.  
More detailed study is necessary in the future in order to understand the inherent phenomena. 
 
 
 
 



 
Fig. 1: The experimental set-up of detection parts of the SLEEM / SLETEM instrument. 
 

 
Fig. 2: SLEEM (above) and SLETEM (below) images of a carbon foil of a thickness of 5 nm 
on a copper grid of 83 µm period, taken at the landing electron energy of a) 2 eV, b) 40 eV, 
c) 700eV, and d) 3 keV. 
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