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 Atomic Force Microscope (AFM) 
 

The atomic force microscope (AFM) is a  very high-resolution type of scanning 

probe microscopy, with demonstrated resolution of fractions of a nanometer, more 

than 1000 times better than the optical diffraction limit. The precursor to the 

AFM, the scanning tunneling microscope, was developed by Gerd Binnig and 

Heinrich Rohrer in the early 1980s, a development that earned them the Nobel 

Prize for Physics in 1986. Binnig, Quate and Gerber invented the first AFM in 

1986. The AFM is one of the foremost tools for imaging, measuring and 

manipulating matter at the nanoscale. The information is gathered by "feeling" the 

surface with a mechanical probe. Piezoelectric elements that facilitate tiny but 

accurate and precise movements on (electronic) command enable the very precise 

scanning. 

 
 Basic Principle : 

 

The AFM consists of a cantilever with a sharp tip (probe) at its end that is used to 

scan the specimen surface. The cantilever is typically silicon or silicon nitride 

with a tip radius of curvature on the order of nanometers. When the tip is brought 

into proximity of a sample surface, forces between the tip and the sample lead to a 

deflection of the cantilever according to Hooke’s law. Depending on the situation, 

forces that are measured in AFM include mechanical contact force, van der Walls 

forces, capillary forces, chemical bonding, electrostatic forces, magnetic forces  

etc. Typically, the deflection is measured using a laser spot reflected from the top 

surface of the cantilever into an array of photodiodes.  

 

If the tip was scanned at a constant height, a risk would exist that the tip collides 

with the surface, causing damage. Hence, in most cases a feedback mechanism is 

employed to adjust the tip-to-sample distance to maintain a constant force 

between the tip and the sample. The sample is mounted on a piezoelectric 

scanner, that can move the sample in the z direction for maintaining a constant 

force, and the x and y directions for scanning the sample.  

 

The AFM can be operated in a number of modes, depending on the application. In 

general, possible imaging modes are divided into static (also called contact) 

modes and a variety of dynamic (tapping) modes where the cantilever is vibrated. 
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 Imaging Modes  

 

The primary modes of operation are contact mode and Tapping mode. In the 

contact mode operation, the static tip deflection is used as a feedback signal. 

Because the measurement of a static signal is prone to noise and drift, low 

stiffness cantilevers are used to boost the deflection signal. In contact mode, the 

force between the tip and the surface is kept constant during scanning by 

maintaining a constant deflection. 

 

In tapping mode, the cantilever is driven to oscillate up and down at near its 

resonance frequency by a small piezoelectric element mounted in the AFM tip 

holder. The amplitude of this oscillation is greater than 10 nm, typically 100 to 

200 nm.  

 

 

 AFM cantilever deflection measurement 

 

Laser light from a solid state diode is reflected off the back of the cantilever and 

collected by a position sensitive detector (PSD) consisting of two closely spaced 

photodiodes whose output signal is collected by a differential amplifier. Angular 

displacement of cantilever results in one photodiode collecting more light than the 

other photodiode, producing an output signal  which is proportional to the 

deflection of the cantilever. 

 

 Advantages and Disadvantages 

 

The AFM has several advantages over the scanning electron microscope (SEM). 

Unlike the electron microscope which provides a two-dimensional projection or a 

two-dimensional image of a sample, the AFM provides a true three-dimensional 

surface profile. Additionally, samples viewed by AFM do not require any special 

treatments (such as metal/carbon coatings) that would irreversibly change or 

damage the sample. While an electron microscope needs an expensive vacuum 

environment for proper operation, most AFM modes can work perfectly well in 

ambient air or even a liquid environment. This makes it possible to study 

biological macromolecules and even living organisms. In principle, AFM can 

provide higher resolution than SEM. High resolution AFM is comparable in 

resolution to scanning tunneling microscopy and transmission electron 

microscopy. 

A disadvantage of AFM compared with the scanning electron microscope (SEM) 

is the image size. The SEM can image an area on the order of millimetres by 

millimetres with a depth of field on the order of millimetres. The AFM can only 

image a maximum height on the order of micrometres and a maximum scanning 

area of around 150 by 150 micrometres. 

Traditionally the AFM could not scan images as fast as an SEM, requiring several 

minutes for a typical scan, while a SEM is capable of scanning at near real-time 

(although at relatively low quality) after the chamber is evacuated.  
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