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Fig. 1. (a) Schematic drawing of long-range ordered ferroelectrics with single-domain structure, where the red arrows indicate the

electric dipoles; (b) the relationship between spontaneous polarization and temperature (taking the second-order ferroelectric phase

transition as an example); (c) the relationship between dielectric permittivity and temperature.
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Fig. 2. (a) Relationship between the free energy and the direction of spontaneous polarization of three PZT solid-solutions, calcu-

lated by phenomenological theory; (b) the schematic of the rotation of the spontaneous polarization from [111] to [111] direction

within the (110) plane.
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Fig. 4. Comparison of d33 between lead-based ceramics and
relaxor-PT single crystals. The data of the ceramics is from
Ref. [1]; the data of crystals is from Ref. [13].
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Fig. 5. Schematic of shear and longitudinal piezoelectric re-
sponses. For a ferroelectric single-domain, the applied elec-
tric field can be divided into two categories: 1) The electric
field (E3) parallel to the direction of the spontaneous polar-
ization; 2) the electric field (E;) perpendicular to the direc-
tion of the spontaneous polarization. The red arrows repres-
ent the direction for the spontaneous polarization, and the
green arrows represent the direction for the spontaneous po-

larization after applying an electric field.
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Fig. 7. Neutron elastic diffuse scattering results for PMN and PZT single crystals. The y-axis represents the diffuse scattering in-
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maps of elastic scattering intensity measured near the (001) planel'9.
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Fig. 8. Low-temperature dielectric and piezoelectric properties of single-domain relaxor ferroelectric single crystals!'™!¥: (a) Trans-

verse dielectric (g1;) permittivity for rhombohedral PMN-0.28PT crystal; (b) transverse dielectric (e,;) permittivity for tetragonal

PZN-0.15PT crystals; (c) shear piezoelectric properties for relaxor-PT crystals; (d) the origin of the ultrahigh dielectric/piezoelec-

tric properties in relaxor-PT ferroelectric crystals when compared to the conventional ferroelectric crystals.
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Fig. 9. X-ray diffuse scattering results of (a) PZN-0.15PT and (b) PZN crystals'’..

Gl AT E— KRR h 5 AT 54
O3 AH S B APEGR X (WA 10(a) F7R), XX
B RSE A 3—6 nm (GELS TG REHEED) 7). i (R
W, FATLAPY IS A PZN-0.15PT MR X 4. AR 4
S AE S, BBk HL A I TL A 2 S R R (A A 25 4 R
VU7 HH , BRI ZH 0% 7 14 SR IE 28 AH . 243X
SRR X B S I AR BRI , BT
b7 101 52 B PR AS PR 2. — 2 e B2
YT Y E 19 H i RE (TEAR B, H Landau-
Devonshire PRELFR R, BIFR Landau fig), &Mk M
YR X AL T IE S AH (R R B e P Pl 3 A TR e
FE, WA 10(b) s 1)) WA 1) 3 37 75 P ) T %
FAL T )5 e PR R4k e 5 W P 9 K B DX AL
AR A AN % 2 T 77 A 1) PR R RS BE R (TRTFR
“BLTTRE”), 1X L AR R (0 5 i fh 2% B 1] K ARk
WE AL T ) % 51y, DT e LG AL T A W A 1) AN T 252
— BRI, AR X R SR, U He e i AR
/DN, ST FIE S e DN s I R R R SR )
2R T, SRR A ME R . M R RE
Landau B8 2 80 H “F34 F7 80 R DU, B 40 K
FADX AR Ak O i A A g SR AR RPIR A, B A
AE M2 8k i AL (FERRASEY, H AR RE iR £k il 2R 08
/N), & 10(b) iz, < R AR AR R AL R A
by BRGSO R <A R Rk
BAL B ggr ) B 5R KA AL Befb
P18 “E\ i) R 30 e A T K - TR A A 55

& 11 4 PZN-0.15 PT A AR IEE 0. TR
BARET (< 50 K), KX Landau Ry 22
TREEASIR, LIRS RE S, X 22 WL RE R M AN 17,
Bifi % T 1Y TS, Landau AESR 25 AT AERY
YEHITFURIG R, BN AR Ak T ) 528 T 4

(a)

g i

i
%
|
i
f

-.\._\“._\\
e e e

=== —

=
= = = o,
= o e
— s

R
—

e
s —
s => =% =» =n
— = =

i d
i f
L Y
i
&

[ g ——

f

(b)

FURIBERENAIGIR, Flam: @i T
FUERENE MR
&2
=
i
LN f 4
[011] [001] [011]
10 20 0 20 40
Fefi/(©)

B10 (a) DU 75 AR B i W i A DE SRR AR P ARl X 1Y
S5F 7R A (b) IE AR M X B pl R I 5 TR RE 1R T 3
SRR (B RS, b B R R bRk S
[001] 75 1] Fiy & £ 17

Fig. 10. (a) Phase-field simulated microstructural variation
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Fig. 11. Phase-field simulation results of single-domain PZN-0.15PT crystal: (a) Temperature-dependent microstructural variations
(the color bar denotes the angle between the polar vector and the horizontal direction); (b) the transverse dielectric permittivity

versus temperaturell”,
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Fig. 12. Microstructural variation under a transverse electric field for the single-domain PZN-0.15PT crystal at 350 K and the cor-
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Fig. 13. Low-temperature dielectric permittivities (a) and dielectric losses (b) for PMN-0.28PT ceramics®!l.
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Fig. 14. Comparison of dielectric properties between Sm-
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Fig. 15. Comparison of dielectric properties between (a) Sr-doped and (b) Sm-doped PMN-0.31PT ceramics. The room temperature
dielectric and piezoelectric properties of Sr-doped PMN-0.31PT are given in (a)?!.
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Fig. 16. Low-temperature (a) dielectric permittivities and (b) dielectric losses for soft (P5H) and hard PZT (P4) ceramics.
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Fig. 17. Low-temperature dielectric properties for (a) [001]-poled rhombohedral BZT-BCT crystal. The crystals were from Professor
H 'Y Lee in Korea; (b) [001]-poled orthorhombic Ta-doped KNN crystal.
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SPECIAL TOPIC—Centennial ferroelectricity: New materials and applications

Piezoelectricity——An important property for
ferroelectrics during last 100 years®

Li FeiV" Zhang Shu-Jun?  Xu Zhuo'

1) (Electronic Materials Research Laboratory, Key Laboratory of the Ministry of Education,
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Abstract

As an important member of the dielectric family, ferroelectric materials are known for their various
physical properties and have been attracted considerable attention from both scientific respect and technology
respect. Piezoelectricity is one of the most important properties of ferroelectrics, which has been widely used in
many devices for the conversion between electric energy and mechanical energy. For example, the main
piezoelectric elements of underwater acoustic transducers, medical imaging systems, piezoelectric actuators, etc.,
are all ferroelectrics. In this paper, the history of the piezoelectric effect in lead-based perovskite ferroelectrics is
introduced, and the relationship among the microstructure, the state of polarization and the piezoelectricity is
discussed. In addition, we introduce some important factors for optimizing the piezoelectricity of ferroelectrics,
such as morphotropic phase boundary, soft doping, polarization rotation, local structural heterogeneity, etc. It is
expected that this paper could shed light on the future design of ferroelectric materials with various

functionalities.

Keywords: ferroelectrics, piezoelectricity, property optimization
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