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Study of degradation mechanism of ferroelectric materials by means of autonomic
atomistic modeling and atomic-structure instability analysis
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To clarify the mechanism of degradation in domain switching performance in
ferroelectric materials, we have investigated the effect of defects on the domain wall motion and the
interplay between external electric field and mechanical loading. We have developed a new scheme of
semi-automatic building of interatomic potentials, which consists of reference data generation, parameter
optimization, self-monitoring of potential validity and regeneration of reference data. With molecular
dynamics simulations we have presented strong effects of kinks, vacancies and electric fields on the
critical stress for domain wall motion. With atomistic-level instability mode analyses we have also shown
the mechanism of the activation of latent instability modes created around defects.



1)

(FERAM)
MEMS
(Energy Harvesting)

) (bw)

1)

)

®)

1)

)

®3) @)

(4)

1)

DFT: SR > X

Opt: X — P

MD: P —s5=sys
sus : Most stable phase

MD: P — 5= sgys
Squrs: Relaxed Surface

Obtain structure
before divergence, s

MD:P—s

Check auxiliary
criteria

DFT: § — )
Opt: X — P ... Optimize potential with X to get P.
MD: P — s ... Perform MD with P to get structure s.
w(s) T ... Increase weight for s.

DFT:s—x

S ... Set of all possible structures.

SR ... Set of reference structures (S®  S).

X ... Set of reference data.

P ... Set of potential parameters.

EP(s), E%(s) ... Energy of s (¢ S) with P and DFT.
5Pyss $%s --- Most stable structure by P and DFT.
w(s) ... Weight for s (€ SR).

Get reference data X from structure(s) S.
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