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Gas-assisted charged particle beam processing enables direct-write 

nanofabrication using electron and ion beams. Here I will review recent 

applications of these techniques with an emphasis on: 

• electron and oxygen ion beam etching of diamond (Figure 1),
1,2

 

• use of cryogenic techniques for electron beam induced etching of 

semiconductors and insulators (Figure 1),
3
 

• use of high temperature techniques for electron beam induced deposition 

of high purity materials, 
4
 

• use of electron beams for material functionalization achieved by 

chemical alteration of the local surface electronic structure (Figure 2),
5
 

• use of electron beams for characterization of surface-adsorbed gas 

molecules,
6
 and 

• the role of self-assembly in gas-mediated charged particle beam  

fabrication (Figure 3).
7
 

The above applications will be used to highlight recent progress made in 

overcoming conventional limitations of electron and ion beam fabrication 

techniques, such as inadequate material purity, ion beam damage, and low 

throughput inherent to the sequential nature of direct-write techniques. 
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Figure 1: Etching: Patterns etched into diamond (left)

1
 and silicon (right)

3
 using 

H2O as a room temperature etch precursor, and NF3 as a cryogenic precursor gas. 
 
 

 
Figure 2: Surface functionalization: Schematic illustration of a direct-write 

process used to control the surface electronic structure and fluorescence 

properties of nanodiamonds by room temperature electron beam processing in a 

gaseous NF3 environment.
5
 

 
 

 

Figure 3: Self-assembly: Schematic illustration (left) and a false-color SEM 

image (right) of a pillar grown by Ga
+
 ion beam bombardment of GaN in an 

XeF2 environment.
7
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