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Laminate-based modelling of switching in ferroelectrics

Polarization switching

Loading-rate dependent, dissipative (e.g., BaTiO3 [1]).
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Continuum thermodynamic / electrostatic approach

e Pairwise compatibility
e Energetics & kinetics
e Variational formulation boundary-value problem

Pairwise compatibility
Strain-polarization variants o« = 1, ... [2]

Ea = E,B + Sym(aaB ® naB) ; Po - naB = PB : naB .

Variant & laminate volume fractions o = (1, .. .) [2]
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Energetics (free energy)
Model 1 (average properties pg () = Y., Ao (1) Do) [2, 4]
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Model 2 (energy additivity) [3]

lp(E,p, I"') = Za )‘a(l"') wa(E7P) .

Kinetics (resistance to domain wall motion)

Volume fraction evolution fi; = 9y .
Driving force f; (see example).

).

Example: Switching during uniform loading (BaTiO3) [4]

Dissipation potential ¢(fi, . .

e Flatplate € = €53, T =T33 i3 ® 1.

e Switching system {(E;,p;), i = 1,...,4}.

e Spotaneous polarization p, = 0.26 C/m?.

e Coercivities eggo = 0.26 MV/m, ;590 = 0.23 MV/m.
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s{p—pr(w)} X {p—pr(w)}.
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Simplified potential energy (constrained to (1))
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Driving force f; = —0p, (I).
Volume fraction evolution ({«} ramp function)

0)

(p3)? —€3(ps) — Ta3(Es3) .

jis = D0 = L {If] = 0} sen().

Switching threshhold g; (; ps, €990 , €1500 )-

Simulation results (KX = 0,7 = 0.01 s)

Volume fraction (m = 1, T3 = —5.84 MPa, rate 0.01 Hz)
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Variable loading rate (m = 1, T35 = —4.5 MPa)
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Variable rate sensitivity m (T3 =

—3.49 MPa, rate 0.01 Hz)
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Variable stress Ts3 (m = 1, rate 0.01 Hz)
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