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The fabrication of three-dimensional (3D) magnetic nanostructures is currently a 
central topic in nanomagnetism [1]. Ferromagnetic nanowires (NWs) are potential 
candidates for magnetic data storage, logic and sensing, and Focused Electron Beam 
Induced Deposition (FEBID) could play a crucial role in the fabrication of these 
architectures [2]. 
Most purification procedures performed by annealing experiments have been carried 
out in post-process conditions [3,4], being the real-time evaluation concerning the 
overall morphology, chemical composition and local crystallinity really limited. Here we 
report on the nanofabrication and purification of ultrathin 3D Fe nanowires (<50 nm in 
diameter) grown by FEBID using Fe2(CO)9 precursor gas. The morphological, 
compositional and crystallinity changes as a function of the temperature and time have 
been monitored in real time by in situ post-growth annealing under high-vacuum 
conditions inside a Transmission Electron Microscope, shedding light on the 
nanoscale processes involved in the treatment [5]. For this purpose, the live tracking 
of the nanowire features has been performed by Annular Dark Field imaging and 
Scanning Transmission Electron Microscopy in combination with Electron Energy Loss 
Spectroscopy, as illustrated in Figure 1. Increasing the temperature up to 700 ºC for 
an as-deposited homogeneous nanocrystalline nanowire with an initial metallic content 
of about 40 at. % Fe induces a strong phase segregation of the components with the 
formation of highly pure Fe metallic regions preserving the general architecture of the 
nanostructure. In addition, this approach provides deeper insight in the annealing 
basics and give the opportunity of choosing different annealing times at each 



temperature depending on the changes observed or required, tailoring the 
nanostructures until the desired properties are achieved. 
 

 

 
 
Figure 1. STEM-EELS chemical maps of the central section of an as-deposited Fe-FEBID nanowire, 
sequentially annealed at 100 ºC, 200 ºC, 300 ºC, 400 ºC, 450 ºC, 500 ºC, 550 ºC, 600 ºC and 700 ºC, 
showing the spatial distribution of Fe, O and C in green, red and blue, respectively. Yellow arrows are 
guides to the eye indicating the same point of the nanowire. Scale bars are 10 nm in all images. 
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