mh = #F # i R
MATERIALS CHINA

i35k Fe

2016 4 6 H Jun. 2016

#Kutt)

I B 47 #3159 18 35 4 $

AR, ERE, EXE
(PIZRE AR IR E ARV BE, BEVE P54 710054)

W OE: TERARR R AR 7 HLARAE R R RE 2 R AR KL, e B | (LR SRR L) I S AR R A
T BT Ak e T AR VD o [ A ARG, LRI 5 o ) R R A R 30 B s L P R A ML B T R 1 s e A R 3 S
EE L, FEGR T R ARG TBL, W58 M [ A 5B e AR SIODR S # LA B v T H Mk RE ML A E R . ZE TIOWL 25 4L
DL, 3E A AT B T E R RUAR SR 5 S A SRR B AR A K W A5 AL, I HL R B B 4 K W R S S 0 K A B AR
A, IZ AV T DL R KRR AR AR R BT AR E o TR MR RE T I, Wt AR AR R B, o [ 2R R A v e M i
e BT WAL e e 1 I E W RE RS B Y DR

KRR JREAE, WEREARS, M, L

FESZES: TB139.6 XHkFRIRED . A XEHS: 1674-3962(2016) 06-0429-05

Progress in Phase Field Simulations of Piezoelectric Materials
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Abstract; Piezoelectric materials can convert mechanical energy to electric energy and vice versa, and they are widely
used in transducers and actuators. The best piezoelectricity normally appears at the so called morphotropic phase boundary
(MPB) in the phase diagram of ferroelectric solid solutions. Thus understanding the mechanism of good piezoelectric prop-
erties at the MPB can guide designing new piezoelectric materials. This review summarized the progress in simulating the
microstructure of piezoelectric materials at the MPB as well as the mechanism of good piezoelectric property there through
phase field simulations. On the microstructure, we obtained hierarchical nanodomain structure as observed by experiments
of phase field simulation and our work showed that these nanodomains are the newly discovered monoclinic phase and this
new phase is stabilized by long range electrostatic energy and elastic energy. On the piezoelectric property, we showed that

the good piezoelectric property appearing at the MPB mainly comes from the contributions from polarization rotation rather
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than domain wall movement by phase field simulation.
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Fig. 1  Evolution of domain structure of an MPB composition with temperature decreasing transformation (a) ~ (e), (f) the dependence of

polarization vector of dashed line in (a) on temperature!?°]
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Fig. 3 Variation of different energy terms with time during the re-

laxation of an artifical R nanodomain structure made from

that in Fig. lc back to an M nanodomain structure 2!
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Fig. 4 The initial domain structure of [ 10 ] —poled sample with different compositions: (a) ¢=0.2~0.5, two alternating rthombo-

hedral structure(2R); (b) ¢=0.55~0.6, four monoclinic domain structure (4M); (c) ¢=0.7~0.9, single tetragonal

domain structure( 1T). The arrows in (a) ~ (c¢) denote the polarization vector direction for each kind of domain! 2!
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Fig. 7 The change of domain structure and polarization vector direction under a small field 3 kV/cm for poled samples with

composition ¢=0.55; (a) the initial domain structure of [ 10]-poled sample with ¢=0. 55 before applying external e-

lectric field, (b) the domain structure after applying a small electric field 3 kV/cm and (c¢) the polarization vector di-
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