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Graphene is a promising ultra-thin window for in-situ electron microscopy [1], because of its 
mechanical strength and low atomic number. While in-situ scanning electron microscope (SEM) is a 
promising tool to study vacuum-sensitive or biological samples [2], it can still be technically 
challenging. Recently, an exciting new mode of SEM, the airSEM by B-nano, has been introduced, 
where samples can be imaged in air without a vacuum chamber, allowing easy access to all kinds of 
samples. The airSEM uses an electron-transparent window to separate column vacuum from 
atmosphere. In this configuration, the image contrast is limited by the electron mean free path (mfp) of 
the materials in the electron path, i.e. the lower the beam energy is, the smaller the electron mfp is, the 
lower the probability that the electron can travel through materials and finally the lower the image 
contrast will be. This limits the use of airSEM with lower beam energies (lower than 7 keV). In order to 
improve the contrast of images, (a) the sample should be brought as closed to the window as possible, 
and (b) the window should be ultra-thin to avoid multiple scattering process. With the aid of an optical 
microscope, the specimen can be brought to within 50 µm of the window to minimize multiple scattering 
in air. By using Monte Carlo (MC) simulations, we find that the electron-transparent SiNx window 
dominates contrast compared to 50 µm air. Therefore, graphene, a single-atom-thick layer with strong 
tensile strength to withstand high pressures, is an ideal candidate material as the electron-transparent 
window for low voltage applications in the airSEM. [3] 
 
MC simulations [4] of air Scanning Transmission Electron Microscopy (airSTEM) detector show that 
graphene windows present more than double the contrast of the thinnest commercially available SiNx 
windows (5 nm). In figure 1 (a) and (b), we compared, under 7keV electron beam energy, graphene 
window with different thickness SiNx windows, and graphene window shows 2 times improvement of 
the image contrast. Furthermore, we simulated image contrasts through graphene windows with different 
electron beam energies, as shown in figure 1 (c). Even though the contrast decreases when we lower the 
beam energy, image contrast still can be gained at 3 keV. In contrast, 5 nm SiNx windows give 
undistinguishable contrast at 3 keV, which is shown by the star points in figure 1 (c). To conclude, the 
advantages of graphene windows to SiNx windows are: (a) electrons have larger mfp in graphene than in 
SiNx, which helps to avoid multiple scattering process in the window; (b) graphene is atomically thin 
and extremely strong to hold vacuum, which most of other materials cannot achieve; (c) moreover, 
large-scale continuous chemical vapour deposition (CVD) graphene growth has been developed, and 
resent research showed that the grain boundaries of graphene are as strong as pristine graphene 
mechanically [3], indicating that the yields of the graphene windows can be improved without the 
limitation of grain boundaries. 
 
Experimentally, we fabricated 3-layer graphene airSEM windows by transferring 3 CVD graphene 
layers onto holey SiNx membranes, shown in figure 2 (a). Here, standard PMMA transfer methods have 
been used during the transfer process. In figure 2 (b), the graphene window has been successfully used 
as an airSEM window to image gold nanoparticles with back scattering electron detector. In order to 



apply the graphene windows to low-voltage imaging under airSEM practically, a large number of 
graphene windows should be fabricated and tested. Therefore, we propose to fabricate wafer-scale 
graphene windows by using photolithography to make holy SiNx window substrates, and then transfer 
large pieces of graphene on those substrates, schematic shown in figure 2 (c). Afterwards, the wafers can 
be broken into individual graphene airSEM windows, and thousands of graphene windows can be 
fabricated conveniently by using this process.  
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Figure 1. MC simulation results of a 50 nm gold nanoparticle on a 20 nm amorphous carbon support 
with (a) different thicknesses SiN windows and 1 nm 3-layer graphene window under 7 keV (green: 20 
nm SiN window; red:10 nm SiN window; blue: 5 nm SiN window; black: 3-layer graphene window); (b) 
the contrast according to window thickness; (c) 1nm graphene window under different electron beam 
energies (blue: 10 keV; red: 7 keV; green: 5 keV; pink: 3keV; stars: 5 nm SiNx window under 3 keV) 
 

                                                  
Figure 2.  a) Conventional SEM image of a 1 nm thick grapheme window as fabricated; b) AirSEM 
image of gold nanoparticles by 15 keV electron beam through grapheme window (through 50 µm of air); 
c) Schematic of wafer scale window fabrication. 

a) b) c) 

a) b) c) 

20nm SiNx 

10nm SiNx 

5nm SiNx 
1nm graphene 

20nm SiNx 

 

10nm SiNx 

 

5nm SiNx 

 

1nm graphene 

 

5keV 
 

7keV 

 

3keV 
 

10keV 

 

3keV  
5nm  
SiNx 

 


