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Piezoresponse Force Microscopy (PFM) of Ferroelectric Materials

FE materials → polarization can be altered by the electric field

Fundamental science: Physics of polarization switching, 
nucleation, domain wall motion
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Piezoresponse Force Microscopy (PFM) of Ferroelectric Materials
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Writing in domain polarization can be useful for investigating 
polarization switching spectroscopy in PFM



Polarization Switching Spectroscopy in PFM – Polarization Dynamics

Tetragonal (orthorhombic) lattice, crystal has electric dipole
1 µm
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- Macroscopic hysteresis measurements are averaged across large 
areas
- Gives information about macroscopic average properties
- Gives insufficient information about local switching mechanism
- Cannot be used to observe what happens inside a ferroelectric 

capacitor (domain wall motion and nucleation)



Polarization Switching Spectroscopy in PFM
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Polarization Switching Spectroscopy in PFM

- Use PFM tip to induce local phase 
transition by application of bias

- Domain switching reversible
- General model: can be used for 

more complex systems as well 
(polycrystalline materials)



Polarization Switching in PFM
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Polarization Switching in PFM
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Local and macroscopic switching mechanisms
- Domain nucleation at a finite bias
- Domain wall is strongly pinned (when bias is off → no relaxation)
- Both hysteresis loops display similar characteristic biases → possible mechanism similarities
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