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Figure 6.5. Principle of scanning AFM using the tip-scanner design. Symbols are explained in the 
text. 
 

If we enter a typical cantilever length l = 100 μm and a cantilever–detector distance L = 2 cm, 
we find z = 6 μm, which is easily detectable by the photodiode. This demonstrates that the 
geometrical amplification of the AFM is sufficient to amplify cantilever deflections at the pN 
level into signals detectable by the photodiode. This amplification is the primary reason for the 
extremely good height resolution (typically below 1 Å) in scanning AFM. It also accounts for 
the excellent force sensitivity in single-molecule force spectroscopy experiments. In fact, the 
detection limit of small cantilever deflections is typically given by thermal noise (Brownian mo-
tion) of the cantilever rather than by limitations in the physical detection system.

Imaging with Atomic Force Microscope is based on lateral scanning of the cantilever across 
the sample surface. The tip is brought into close contact with the sample surface and subse-
quently lateral xy raster scanning takes place while the height (z) is controlled by a feedback 
loop connected to the photodiode sensor. The feedback loop adjusts the z-height according to a 
specific criterion. This criterion is typically that the tip–sample force is constant (contact mode) 
or that the cantilever vibration amplitude is constant (tapping mode). Whenever the tip encoun-
ters a change in surface topography, the feedback circuit adjusts the height accordingly. The 
height recorded at each point on the surface results in a dataset z(x,y) that reflects the sample 
topography.

AFM performed on such soft biomolecular specimens as supported membranes puts strong 
demands on the performance of the AFM instrument. A critical issue is the ability to avoid 
sample damage by minimizing the tip-sample contact force and the energy deposited into the 
sample during scanning. Model membranes in the fluid state are delicate structures that are eas-
ily perturbed by interactions with the AFM tip. Even if bilayer integrity is not compromised by 
scanning, more subtle properties of the bilayer such as domain patterns or lateral diffusion proc-
esses can be strongly influenced by repeated scanning over the same sample region.

There are at least two imaging modes suitable for imaging supported model membranes: (1) 
contact-mode scanning with ultrasoft cantilevers and (2) magnetically actuated tapping mode, 
also known as MAC-mode [68,69] (AgilentTM). Currently, the softest cantilevers available com-
mercially have a spring constant of  = 0.01 N/m (Veeco, MSCT, C-cantilever). Such cantile-
vers enable contact-mode scanning of supported membranes with minimal perturbation of the 
membrane structure. One drawback of such cantilevers is that they are highly sensitive to tem-
perature variations in the fluid cell that cause bending of the cantilever that can result in a 
change of the proper force set-point for scanning.


