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Fig. 1. Schematic diagram of the thin film model.
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Fig. 2. Schematic diagrams of in-plane vortex structure:
(a) w=0; (b) w=1; (c) w=2.
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Fig. 3. P-F loops under different hysteresis electric fields.
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)—(f) Diagrams of domain structure at fast speed: (a) ¢ = 1110; (b) ¢ = 1120; (¢) ¢ = 1140; (d) ¢ = 1150; (e) ¢ = 1160; (f) t =

(a
1170. (g)—(i) Diagrams of domain structure at slow speed: (g) ¢t = 1300; (h) ¢ = 1400; (i) ¢ = 1500.
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Fig. 7. Domain structures after 1100-step hysteresis electric

(a) TJZ S 8wk

field loading: (a) Top-layer striped domain structure; (b) bo-

ttom-layer vortex domain structure.

(a) ’

Ry
Ry
R
Ry
of

03

o3
03

of

e R

5T IRBERI R 1, THUZ 065 TR = FL G B JE B T
Jié H Wi 25 A8 . AT LAAE &1 9(d) Hh WL € 31 H i ] 2k
AR AL, B T RS B A v i [ 2 S AR AR AR
HATTR M ACRBE B A A B H R B/ NE I R
Rk,

JEJE D 6 nm A3 IR AE AR RE 2 J5 BB I 2kl
Yy, T LIS 2 04 e WA A0 i e i A A,
P 8(d)— (i) HEL 5 Bl e o A AT 10 AR P Ok o P
/N, Fer 10 i S AR A R i T . AT LA
7 2110 T B 3 1Y F WA A H B 22, e 22 DU Rl
RWEFN PR O W3 [ 2 i — s g (2 AE it
T g Aol L AT L BTk, e e ) PR ) B A
J7 ) R BER S — A SE BB, i Ap 2 ] — AR AT 1)
A DLAE [R] —# b A A b 1 B2 O A Rl REFE
5 T A FR AL . MIEL 8(d)— (i) Hh 5 JE H 45 A
I 1 e aT LA R, B DI e ) W B < B Ak
TP A, S5 By Bz AR &, BT Ak

K8 (a)—(c) NRIEETHIIEE (L) MBUZ (FE) -G, Kb (a) 20 nm, (b) 10 nm, (¢) 6 nm; (d)—(1) #igH
WL F B 1 A, Horb (d) ¢ = 20, (e) t = 40, (f) t = 50, (g) t = 60, (h) t =70, (i) ¢t = 80

Fig. 8. (a)—(c) Bottom (upper panel) and top (bottom panel) layer domain structures at different thicknesses: (a) 20 nm; (b) 10 nm;
(c) 6 nm. (d)—(i) Vortex domain structure switching stages: (d) ¢ = 20; (e) ¢t = 40; (f) ¢t = 50; (g) t = 60; (h) ¢t = 70; (i) ¢ = 80.
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Phase-field method explored ferroelectric vortex topology
structure and morphotropic phase boundaries
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Abstract

The perovskite crystal structure determines the appearance of ferroelectricity and the polarization direction
of ferroelectric ceramics. When the polarization direction has a certain order, different domain structures will
combine to form a multiparticle system with a specific morphology, i.e. the topological structure existing in
ferroelectrics. In this study, the domain structures of potassium sodium niobate (Ko.5Nag.sNbO;) thin films under
different hysteresis electric fields and thickness are simulated and observed by the phase field method.
According to the different switching paths of the domain structure under the electric field, the domain is
divided into fast and slow switching process. Based on this, a method is proposed to first determine the domain
switching state of the desired experiment and then conduct directional observation. Through the analysis of the
domain structures combined with the polarization vector, a clear multi-domain combined with vortex-antivortex
pair topological structure is observed for the first time in Kg.5NagsNbOs film. The vortex structure is further
analyzed for its switching process, and it is observed that this vortex topological microstructure can make the
domain more likely to switch, so that more small-scale polarization vectors can be ordered, forming the desired
multiparticle system topology. The mechanism of improving the dielectric properties of ferroelectric material by
this polarization vector ordering is similar to that of the microscopic phase boundary formed by the specific

polarization directions on both sides of the quasi morphotropic phase boundary.
Keywords: ferroelectric ceramics, topological defects, phase field method
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