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Focused Electron Beam Induced Deposition (FEBID) was used in the past to grow magnetic tips of width 50 nm with 
potential application in Magnetic Force Microscopy (MFM) [1,2]. In order to show that FEBID tips are superior than 
standard MFM tips and can give rise to the next-generation commercial MFM tips, dedicated experiments need to be 
carried out. Here, we report on our efforts to optimize the MFM tips grown by FEBID and we compare their behavior to 
that of standard MFM tips. 

We have grown Co and Fe nanowires on various types of tips and under different growth conditions. The tips have been 
tested in MFM experiments, in ambient conditions as well as in liquid environment, behaving appropriately in terms of 
mechanical stability, resolution and sensitivity [3]. In the example shown in Figure 1, using the Fe2(CO)9 precursor gas 
and 30 kV electron beam acceleration, it can be noticed that is possible to grow Fe tips with 34 nm in diameter and 
finalized in a 7 nm-wide sharp end. This is very useful to achieve very high resolution in the MFM experiments as well 
as relatively low sample-tip magnetic interaction to minimize the influence of the magnetic tip on the magnetic state of 
small structures [4]. Transmission Electron Microscopy (TEM), Electron-Energy Loss Spectroscopy (EELS) and Electron 
Holography (EH) have been carried out to characterize the structural, compositional and magnetic properties of these 
tips, as shown in Figure 2. The Fe content is found to decrease as the tip end is approached, which influences the 
magnetization value and the magnetic stray fields generated around the tip end. The EH results allow mapping the value 
of the magnetic stray field as a function of the distance to the tip end [5], which is useful towards quantitative MFM 
measurements. 
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Fig. 1: SEM micrograph of an Fe nanowire grown at the apex of a tip for subsequent MFM experiments. The main 
nanowire’s diameter is 34 nm but the end of the nanowire is only 7 nm. 

 

 

 

Fig. 2: TEM characterization of one Fe nanowire grown at the apex of a tip. EELS chemical maps indicate that the 
Fe content (in green colour) grows from very low values at its end up to 70% at a distance of 90 nm inside the 
nanowire. Electron holography measurements indicate that whereas the magnetization saturation is high in the 
inner part of the nanowire, it decreases as the end is approached, with the corresponding impact on the 
distribution of stray fields in the surroundings of the tip. 
 

 

 

 

  


