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Transmission electron microscopy (TEM) at very low energy is a promising way to avoid damaging 
delicate biological samples with the incident electrons, a known problem in conventional 
transmission electron microscopy. For achieving imaging in the 0-30 eV range, we added a second 
electron source to an aberration corrected low energy electron microscopy (AC-LEEM) setup, 
enabling imaging in both transmission and reflection mode at nanometer (nm) resolution.  
We have measured the energy-dependent transmissivity and reflectivity of 2D graphene layers up 
to 75 eV to determine their suitability as TEM support films and obtained the energy-dependent 
electron mean free path (MFP). Below approx. 30 eV we find an increase in MFP. However, the 
MFP is always much shorter than suggested by the so-called ‘universal curve’ [1]. The observed 
splitting of the elastic MFP maximum around 2.5 eV in multi-layer graphene [2] was explained by 
interference of multiply reflected electron waves, in close analogy to optical multilayer 
antireflection coatings.  
To demonstrate the applicability of eV-TEM to biological samples, we have imaged DNA origami 
rectangles deposited on a graphene oxide membrane in LEEM (Fig. 1a) and eV-TEM (Fig. 1b). 
Individual rectangles (70 nm by 90 nm) and agglomerates are visible. The sample was illuminated 
with low energy electrons for one hour without observing degradation.  
In combination with recent developments in 2D membranes, allowing for versatile sample 
preparation, eV-TEM is paving the way to damage-free imaging of biological samples at nm 
resolution. 

 
Figure 1. Rectangular DNA origami patches (70 nm by 90 nm) on top of mono- and double-layer 
graphene oxide suspended over lacey carbon web. LEEM (a) and eV-TEM (b) image of DNA origami 
on graphene oxide (different areas). The DNA origami is bright in LEEM and dark in eV-TEM. 
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