
Introduction to Atomic Force Microscopy 

 

Atomic Force Microscopy (AFM) is a powerful and versatile 
tool used to study the surface properties of materials at the 

atomic or nanometer scale. Unlike traditional microscopes that 
rely on light or electrons to form an image, AFM operates by 

physically "feeling" the surface with a sharp probe, known as a 
cantilever, to generate high-resolution images. This method 

allows scientists and engineers to explore the topography, 
mechanical properties, and even chemical interactions on a 

surface with unprecedented detail. 

AFM was developed in the mid-1980s and quickly became a 

cornerstone of nanotechnology and materials science. Its ability to image surfaces in three 
dimensions with atomic-scale resolution revolutionized our understanding of the nanoscale 

world. The core principle of AFM involves scanning a sharp tip, typically made of silicon or 
silicon nitride, across a sample's surface. As the tip moves over the surface, forces between the 

tip and the sample cause the cantilever to deflect. These deflections are measured by a laser 
beam reflected off the back of the cantilever and detected by a photodiode, allowing the AFM to 

construct a detailed map of the surface. 

One of the key strengths of AFM is its 

versatility. It can operate in various 
environments, including air, liquid, and 

vacuum, making it suitable for a wide 
range of applications. For instance, AFM 

is used in materials science to study the 
roughness, texture, and mechanical 

properties of materials. In biology, it can 
be used to image the surfaces of cells, 
DNA strands, and proteins without 

requiring complex sample preparation. 
Additionally, AFM can perform force 

measurements, providing insights into 

the mechanical properties of materials, such as stiffness and adhesion forces at the nanoscale.  

Another advantage of AFM is its ability to image soft and delicate samples without causing 

significant damage, which is crucial in biological and polymer research. AFM can also be used to 
manipulate atoms and molecules, making it a valuable tool for nanofabrication and the 

development of nanodevices. 

Despite its many advantages, AFM does have some limitations. The imaging speed is relatively 

slow compared to other techniques, and the scanning range is limited to small areas, typically in 
the order of micrometers. Additionally, interpreting AFM images can be complex, as the data 

obtained often requires careful analysis to distinguish between true surface features and 

artifacts. 


