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Obtaining high quality images and spectroscopic data in scanning electron microscopy (SEM) and 

scanning/transmission electron microscopy (S/TEM) requires both clean specimens and clean vacuum 

chamber in order to minimize carbon contamination, ie, electron beam induced deposition (EBID) of 

hydrocarbon species onto the surface of the specimen [1]. The contamination, mostly in the form close to 

C9H2O1[2], are deposited mainly from hydrocarbons of atomic mass unit (amu) ranging from 35 or higher, 

in the vacuum chamber, sample holder and other surfaces.  For a modern electron microscope with turbo 

molecular pump backed up by an oil-free scroll pump, the fraction of those hydrocarbons counts for only 

about 1% of the total pressure.  The key to reduce carbon contamination is to reduce these hydrocarbons 

to a level of less than 10-9Pa.   Generally, clean specimens can be obtained by proper sample preparation 

protocol and applying sample cleaning techniques such as oxygen plasma [3]. On the other hand, clean 

vacuum chamber can be realized by the use of liquid nitrogen cold-trap, chamber baking and chamber 

mounted plasma cleaner [3]. However, there are major drawbacks of these chamber cleaning techniques.  

namely slow and time-consuming process for chamber baking, and the potential of instrument damage by 

plasma due to sputtering, oxidation of surfaces, and high operating pressure. 

 

Herein, we introduce a gentle UV-based in-situ cleaning system, Sparkle, to effectively remove adsorbed 

hydrocarbon species and water in the vacuum chamber of electron microscopes. For this study, the 

cleaning system was installed on a Hitachi HF-3300 cold field emission S/TEM, equipped with a Extorr 

residual gas analyzer. The UV rays produced by the cleaning system break down water molecules and 

hydrocarbon, and generate hydroxyl (HO) and oxygen radicals (O). Furthermore, the hydroxyl and 

oxygen radicals diffuse through the vacuum system, react with other molecules and cause desorption. The 

desorbed species in the vacuum chamber has a high probability in being expelled by the vacuum pumps. 

Figure 1 presents the RGA data obtained before, 1 minute after the cleaning system was turned on, and 

after the 2h of cleaning process ended. It is evident that the UV-based cleaning system is effective in 

removing carbon species, such as CO2 in the chamber, as indicated by the spikes on the RGA plot at amu 

= 12 and 44 only 1 minute after the start of the cleaning process. After 2 h of cleaning, the presence of 

water (amu = 18), CO (amu = 28), CO2 (amu = 44), and hydrocarbons (amu = 15, 27, 29, 41, 43, 55, 57, 

etc) significantly decreased.  To demonstrate the gentleness of this cleaning technique, Figure 2 shows a 

set of images of TiO2 nanorods. Carbon contamination rings was observed in Fig. 2a before the cleaning.  

After 2h of cleaning, Fig. 2b showed there is no new carbon contamination, and there is no noticeable 

change of the earlier EBID carbon.  Sparkle cleaning is so gentle and effective that we successfully apply 

this method to clean hydrocarbon off graphene.  

 

The results demonstrate that the UV-based in-situ cleaning system is a gentle but effective technique to 

decontaminate the chamber of electron microscopes. This cleaning system also opens up the possibility 

of conducting in-situ experiments involving hydrocarbon gases; the cleaning system can decontaminate 

the chamber after the experiment which would normally leave a considerable amount of hydrocarbon. 

 



References:  

 

[1] U. Bance et al., Vacuum 28 (1978), P. 489-496.  

[2] T. Bret, S. Mauron, I. Utke, P. Hoffmann, Microelectronic Engineering 78-79 (2005) P. 300-306. 
[3] A. E. Vladar, M. T. Postek and R Vane, Proceedings of SPIE (2001) p. 835-843. 

[4] We acknowledge funding from the Natural Sciences and Engineering Research Council (NSERC) of 

Canada and the access to the electron microscopy facility at the Ontario Centre for the Characterization 

of Advanced Materials (OCCAM). 

 

 
Figure 1.  Residual gas analysis data before cleaning (- black), 1 min after start of cleaning (blue), and 

after cleaning of 2 h (red).  

 

 

 
 

Figure 2.  BF-TEM of TiO2 rods suspended on SiNx support film before (a) and after (b) 2 h of 

cleaning. No significant changes to the sample and the intentional EBID carbon layer (outlined with red 

square). 


