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The patterning of samples using Focused Ion Beams (FIB) is very popular, widely used both for 

industrial and emerging nanoscience prototyping applications [1]. This FIB technique allows routine 3D 

and direct patterning of target materials using a finely focused pencil of ions having speeds of several 

hundreds of km/seconds at impact with a penetration range limited to only a few tens of nanometre. 

Thanks to this, local information and/or modifications can be obtained at the target surface. As far as the 

ion nature is concerned, we will show that FIB processing can be achieved via many elements starting 

with pure metals or in the form of alloys and more recently with gaseous ions, gallium (Ga+ ions) [2]. 

 

In this presentation we will review some fundamentals, the current challenges and the development 

perspectives of the Focused Ion Beam (FIB) technique, as we foresee them. We will detail our concept 

of producing and exploiting nanometric ion beams with energies in the range 30 to 40 keV to perform 

direct writing. We will explain why, in our opinion, the applicative potential of this FIB technique can 

still be improved, while it is widely accepted that the spatial extension of the phenomena induced by FIB 

irradiation represents a severe drawback. We will demonstrate that, using careful analysis and selected 

methods, highly localized structures can be reproducibly fabricated [3].  

 

Then we will introduce and illustrate some selected patterning schemes we propose for advanced FIB 

processing. These patterning schemes are (i) Nano-engraving of ultra-thin or atomically-thin membranes 

as a template for nano-pores and nano-masks fabrication. (ii) Local defect injection for local ion beam 

mixing. (iii) surface defect engineering for guided organization. (iv) Selective epitaxy on FIB patterned 

surfaces. 

 

We will conclude in presenting the instrumental routes we are exploring aiming at turning FIB 

processing “limitations” into decisive advantages. Such new routes refer to innovative ion sources [4], 

ion species or edifices, beam compositions and energies that have the potential to allow new devices or 

functionalities emergence. 
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Figure 1.  TEM image of a single nanopore engraved into a suspended graphene monolayer (Ga+ ions, 

30 keV). 

 

  
Figure 2.  AFM topography images of surface defects created on a graphene film grown on SiC (Ga+ 

ions, 30 keV).. 

(a) Array of surface defects low dose irradiation (104 ions/dot)  

(b) Array of surface defects created using higher dose (106 ions/dot) where etching effects become 

visible at the center of the dot (Prevel et al. Appl. Phys. Lett. 99, 083116 (2011))  


