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» Overview of Porject C6

» Recent results: influence of defect dipole

» Phase field model
» Simulation results

» Summary
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In phase field modeling of ferroelectrics, we consider oxygen vacancies

» along with substitutions as static defect dipoles (ICCM 2012).

» or as switchable defect dipoles (current work).

» as stationary donors including other point defects (JAP, 115 (8); JAP, 116 (4))

» as diffsusing donors (current work).
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Zuo, Stein and Xu, ICCM Proceeding, 2012.
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Zuo, Genenko, Klein, Stein and Xu, J. Appl. Phys., 2014.
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Concentration of each species C,,a = 1,4
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Total Gibbs energy

H= Hent(Sij, Eit! Plt) + HSGP(P;S') + ngad(Pf/).

1 1
Ho = 2(Sj — S))Cipa(Su — SR) — (Sy — S))bwiEf — 5 EfejE| — PIE]

Ho = "Clay 4 ay(PR + PR) + as(PE + PE) + auPTPE + as( P+ PE)

rad Ge 52 S2 52 S2
HY4 = kj— (Py5 + Pi% + P35 + P3%)

0
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Constitutive laws

OH
Di = ——— = bj(Sk — Sp) + AjE} + P} + P
9E; ~
OH
0j = == = Cjx(Sx — SY) — by E}
i< 38, iiki(Ski — Sky) — b Ex
P4
El=Ef +E]Ef = CoP?
TRKo
(Eichel et al., Phys. Rev. Lett., 2008)
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P,-d = (Ciy2 — Ci) VOPg
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K. . 1 1 1 1
K14 34 G = —§K1201—§K14C1+§K21 02+§K41 C4
@ O b = — 1 Ky Co Kot Gt Kyp Gy Ko
D = 5 23C2 5 2102+2 32 3+2 12C1
. 1 1 1 1
K12 K32 G = —§K3403—§K3203+§K43C4+§K2302
. 1 1 1 1
K21 K23 Cy = —§K41 C4—§K43C4+§K14C1+§K34C3

(Erhart, Traskelin and Albe, Phys. Rev. B. 2013)
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1176V, — @1 t6eV .
Kj = vexp(— kB";] )

At room temperature, the switching
takes several days

> e G
At 450K the switching completes
OGZQN J4OBV within minutes
@ .




Evolution of oxygen vacancies and sponta-
neous polarization
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» Implementation of the switching of defect dipoles
» Defect dipole can be switched in minutes at high temperature
> Larger electric field necessary for switching

» To be considered
» Mechanism of aging due to defect dipoles
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