
Atomic Force 
Microscopy



What is AFM
Scanning Probe microscopy

- Forces b/w tip and surface used to measure the 
characteristics of the surface

- Origin and STM

Resolution:

- Lateral resolution up to few nm 
- Vertical resolution up to few  Å
- Force resolution up to pN



Advantages and Abilities 

Easy sample preparation:

- Can be performed in air, liquid medium or in vacuum 
- Can work on conductive or non-conductive, hard or soft material, single protein or 

living cells

Not just a microscope 

- Can provide 3D topography of surface
- Can measure elasticity, viscoelasticity of material
- Can be used as force manipulation tool
- Can measure surface properties 



How it works
Measuring force and distances 

Calibration 



Calibration:
Sensitivity(V→F)

By deflection vs approach force curves

Force Constant K
 by measuring  thermal fluctuations in 
deflection of cantilever

● In the spring constant 
calibration, we assume point 
mass model which is valid for 
freely vibrating cantilever.



Force Curves 



Modes of AFM
Contact mode

Tapping mode

Non Contact mode

AM AFM

FM AFM

Manipulation



Tip Sample interaction
In Air:

● Van der waal Force
● Short range repulsive force
● Adhesion force
● Capillary forces



Van Der Waal Force

interaction energy between an infinitesimal volume element of the tip dVtip and an infinitesimal volume 
element dVsample

Hamaker constant    H = π^2Cρtipρsample



Capillary Forces 



Hertz Model and DMT (Derjaguin, Muller, and Toporov)



Measuring Elasticity and Viscoelasticity

SLS model 

Ting’s model

t 1 is the auxiliary function determined by the equation (2); ξ is the dummy 
time variable required for the integration; E(t) is the Young’s relaxation 
modulus

https://www.google.com/url?q=https://www.nature.com/articles/s41598-017-01784-3%23Equ2&sa=D&source=editors&ust=1679672264800539&usg=AOvVaw3h7vt35L0NH2qafbN2DiaZ


Applications
● Topography
● Imaging
● Measuring Elasticity, viscoelasticity, Internal friction
● Force manipulation
● Surface properties



AFM instrument 
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