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State-of-the-art atomic force microscopy (AFM)-based force spectroscopy assays require cantilevers 

with dimensional control and modification at nanometer length scales. Such cantilevers have been used 

to unfold proteins with extremely high spatial and temporal precision. Following recent work [1,2], our 

group has started to use a focused ion beam milling machine to modify the dimensions of commercial 

AFM cantilevers. 

 

AFM-based force spectroscopy takes place in an aqueous environment at room temperature. In one line 

of envisioned experiments, the tip, sometimes modified with an attached peptide, sometimes bare, is 

lowered towards a cell membrane. The deflection of the tip away from its equilibrium is monitored, and 

used to determine the force exerted upon it. While submerged in the liquid, the tip is subjected to 

Brownian noise due to the motion of the surrounding fluid molecules. This understandably adds noise to 

any measurement made, and limits the precision of the technique. It has been shown that this noise can 

be reduced if the cross sectional area between the tip and the fluid is reduced [1].  

 

As commercially sold, AFM tips are solid and do not have low cross section options. However, reducing 

the cross section area of the cantilever is easily achieved by a focused ion beam (FIB) using Gallium 

ions. Here, two different cantilever shapes were created by modifying commercially available Biolever 

Mini (BL-AC40TS, Olympus, Japan) cantilevers with a FIB. For both modification types, the cross 

sectional area was decreased, reducing the noise, and ideally allowing the force measurements to reach 

pico-Newton precision while maintaining high bandwidth (>10 kHz). 

 

The first modified cantilever shape was achieved by drilling out a rectangular portion of the BioLever 

Mini. The second shape, called the war-hammer, was achieved by drilling out the sides of the cantilever, 

leaving only a central support structure. In order to compare the modified and unmodified cantilevers, 

both the spring constants and the power spectral density (PSD) data were used. The PSD data shows that 

the modifications have changed the cantilever from an underdamped simple harmonic oscillator (SHO) 

to an overdamped SHO, ideal for force spectroscopy measurements.  

 

Before modification, the cantilevers had a spring constant of roughly 50 pN/nm or higher. After 

modifications, the first configuration had a spring constant of 10 pN/nm. The ‘war-hammer’ 

configuration had a spring constant of 7 pN/nm. The benefit of the lower spring constant is that the low 

frequency force drift is lower as compared to a stiffer cantilever. Also, according to the Fluctuation-

Dissipation Theorem, which states that the force precision is proportional to the square root of the 

hydrodynamic drag, the modified cantilevers will have increased force precision. 

 

Along with force precision and force sensitivity, it was also of interest to increase the temporal stability 

of the cantilever. It has also been shown that removing the gold coating from the AFM cantilever will 



increase the temporal stability and lower the drift which is inherent in most precise AFM measurements 

[2]. After modifying the cantilever shape, the FIB was used to remove most of the gold coating off the 

AFM cantilever, leaving only a patch at the end. Measurements are made by reflecting a laser off the 

end of the cantilever, without the gold patch preserved at the end, the reflectivity would not be high 

enough to make precise measurements. 

 

We plan to employ these levers to probe fundamental aspects of protein-lipid bilayer interactions [3]. 

 

I would prefer to present this work as a poster presentation. [4] 
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Figure 1. From left to right SEM images of: commercially available BioLever Mini AFM cantilever; 

configuration one modified tip; configuration two, war-hammer, modified tip.  

 

 


