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• Piezoresponse force microscopy (PFM) is a local method to detect the 
sample deformation due to electric field.

• Piezoelectricity: accumulation 

of charges under mechanical stress.

• Ferroelectric materials usually have

Piezoelectric effects.

• Detection of deformation using 𝑉𝐴𝐶

What is PFM?

P P



PFM signal from converse piezoelectric effect
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PFM signal from other sources
Capacitive force Coulomb force
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Domain writing using PFM tip

Φ𝑞 𝑑, 𝑙 𝑖𝑠 𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑠𝑡𝑎𝑖𝑐 𝑒𝑛𝑒𝑟𝑔𝑦 𝑓𝑟𝑜𝑚 𝑝𝑜𝑖𝑛𝑡 𝑐ℎ𝑎𝑛𝑔𝑒 𝑜𝑛 𝑡𝑖𝑝

Electrostatic 
energy

Φ𝐷 𝑑, 𝑙 𝑖𝑠 𝑑𝑒𝑝𝑜𝑙𝑎𝑟𝑖𝑧𝑎𝑡𝑖𝑜𝑛 𝑒𝑛𝑒𝑟𝑔𝑦 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑖𝑛𝑡𝑒𝑟𝑓𝑎𝑐𝑒

Φ𝑐 𝑑, 𝑙 𝑖𝑠 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑒𝑛𝑒𝑟𝑔𝑦 𝑎𝑡 𝑡ℎ𝑒 𝑑𝑜𝑚𝑎𝑖𝑛 𝑤𝑎𝑙𝑙



𝜑𝑞
When 휀 ≫ 1, exp(−ℎ/𝑅𝑑) ≪ 1
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Φ𝑞 , Φ𝐷, Φ𝐶

ψ𝑆 𝑖𝑠 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑒𝑛𝑒𝑟𝑔𝑦
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Domain dimension vs 𝑉𝐷𝐶


