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P reversal=Nucleation + Domain growth 

Domain growth

Infinite FE film sandwiched by two electrodes with switching field applied.

nucleation
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Calculation of switched area C(t)

• Since switched area may be overlapped, C(t)=1-q(t), q(t) is unswitched area.

• 𝑞 𝑡 = ς𝑖=0
𝑘 (1 − 𝐽 𝑖∆𝜏 𝑆 𝑘∆𝜏, 𝑖∆𝜏 ∆𝜏), 𝐽 𝑖∆𝜏 means number of nucleis at 𝑖∆𝜏

per area, 𝑆 𝑡, 𝜏 = 𝜋(𝑣(𝑡 − 𝜏))2 is the switched area. For more dimentions, 
𝑆 𝑡, 𝜏 = 𝐶𝑑(𝑣(𝑡 − 𝜏))𝑑.

• 𝑙𝑛𝑞 𝑡 = 0׬−
𝑡
𝐽 𝜏 𝑆 𝑡, 𝜏 𝑑𝜏, 

when J(t)=R (thermal activated nuclei), 
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when J(t)=N𝛿(𝑡) (latent nuclei), 
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P 𝑡 = 2𝑃𝑠𝑐(𝑡)

50nm electrode on 
top of 9um PVDF
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Calculation of 𝑝 in domain wall
• One dimensional 𝑝4 system model for domain wall

𝑓 =
1

4
(1 − 𝑝2)2+

𝑘

2
(
𝑑𝑝

𝑑𝑥
)2, 𝑘 > 0,

𝑘 𝑟𝑒𝑝𝑟𝑒𝑠𝑒𝑛𝑡𝑠 𝑖𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑤𝑖𝑡ℎ 𝑛𝑒𝑖𝑔ℎ𝑏𝑜𝑟𝑠.

Euler-Lagarange equ. 
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Boundary condition, 𝑝 = ±1,
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Domain wall width 𝑑 = 2𝑘



Calculation of 𝑣 for domain wall move

• Equate the rate of the energy lost by viscosity and the electric energy 
supplied by external field. –pe is added to f(x). Total energy 𝐹 = 𝑓׬ 𝑥 𝑑𝑥

• Time evolution
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• For a moving domain wall,

𝑝(𝑥, 𝑡) = 𝑡𝑎𝑛ℎ
𝑥 − 𝑣𝑡
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• Solving the equation,
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Switching time vs applied field


