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• The basics of AFM
• Cantilevers: manufacturing and calculation
• Static force detection

– Optical beam deflection method
– Optical interferometry

• Dynamic force detection
– Amplitude modulation
– AFM in liquid: acoustic actuation
– AFM in liquid: magnetic actuation

The invention of AFM (1)

Figure 1 in the first paper on AFM. 

Common elements with STM: piezoelectric scanner, feedback system, 
computer control and display system, vibration isolation. 

Unique elements: cantilever, modulating piezo, second tip to detect 
displacement of the cantilever. 

The invention of AFM (2)

An example of commercial AFM (1)

The Veeco Nanoscope III and Dimensions are the most popular AFM. 

It comes with electronics, a computer and related software. 

An example of commercial AFM (2)

A comparison of three types of commercially-available microscopes.
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An example of commercial AFM (3)

AFM could work in a controlled atmosphere, or a low vacuum.

Fabrication of the silicon-nitride cantilever (1)

The tip, an integrated part of the cantilever, is made by differential etching.

Fabrication of the silicon-nitride cantilever (2)

Cantilevers with integrated tip for AFM are commercially available. 

Calculation formulas for rectangular cantilevers

The Static Force Detection in AFM (1)

Optical beam deflection method with a laser and a split photodiode. 

The Static Force Detection in AFM (2)

Optical interferometry is a standard method to detect small displacements. 
The sensitivity of displacement detection could as good as 1 picometer.
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The Tapping-Mode AFM (1)

(a) Because of the water film and static charge, inaccuracy would occur.

(b) In the tapping mode, the cantilever is let to vibrate at its resonance frequency.

The force between the tip and the sample causes a reduction of vibrational 
amplitude, which is taken as the signal for feedback. 

The damage to the tip and the sample is reduced, but not eliminated. 

The Tapping-Mode AFM (2)

The cantilever is actuated by a bimorph piezo, and its vibrational 
amplitude is typically detected by the beam-deflection method. 

The Tapping-Mode AFM (3)

The manufacturer’s notes for the tapping mode AFM. 

The Tapping-Mode AFM (4)

For tapping-mode AFM in liquids, the acoustic excitation method 
usually works well, in spite of the seemingly noisy situation. 

The Tapping-Mode AFM (5)

Magnetic excitation for tapping-mode AFM in liquids is tested and 
commercially available, but its application depends on many factors. 


