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Abstract: Perovskite-layer structured (PLS) piezoelectric ceramics have the characteristics of ultra high Curie
temperature and good thermal stability, thus PLS ceramics have become one of the hot topics in the field of high
temperature piezoelectric ceramics. The present article reviews the research progress on PLS piezoel ectric ceramics
from the aspects of crystal structure, processing technologies, doping modifications, and forming solid solutions in
order to overcome their disadvantages of poor sinterability and low piezoelectricity. Meanwhile, this review sum-
marizes and compares the effects of processing technologies and doping modifications on the sinterability and pie-
zoelectricity of PLS ceramics. Furthermore, the origin of the spontaneous polarization of PLS ferroelectircs is
briefly described. The mechanism of ferroelectric phase transition and the approaches to improvement of piezoelec-
tric properties for PLS piezoel ectric ceramics are proposed for research work in the near future.
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Fig. 1 Relationship between ds3 and Curie temperature T, of
piezoceramics with different crystal structures

(Inset showing schematic diagrams of perovskite, tungsten bronze,
bismuth layer and perovskite layer structures)
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Tablel A,B,0+-typecompoundsand their structures

PY* Formula Structure  Ferroelectric  Ref.
1955 Cd,Nb,O;  Pyrochlore Yes [17]
1955 Ca,Ta,0; Pyrochlore No [17]
1955 Cd,Ta,0O;  Pyrochlore No [17]
1955 Pb,Ta,0; Pyrochlore No [17]
1970  CaNb,0O; PLS Yes [19]
1974  LaTi,0; PLS Yes [21]
1974 Nd,Ti,O PLS Yes [22]
1975 Sr,Nb,O; PLS Yes [23]
1975  Sr,Ta0, PLS Yes [12]
1980  Pr,Ti,0; PLS Yes [24]
1980 Ce,Ti04 Pyrochlore No [24]
1987 Sm,Ti,0;  Pyrochlore No [25]
2015 Ce,Ti04 PLS Yes [26]

*PY: Publication Year

1M, 2015 4F Gao 25 F| 1] 4 GPa & /& /1 Ml % 1
HR] CepTiOf M e, ok Hi A% das N 0.4 pCIN, FF
IR1T T L Rl ZE I HL g, R B CepTi O B2k HL
P o AN IX — 5 FIL B 2 (1) 4540 43 A A S IR R
12 PLSHEMIRIKLEW

PLS LA P 258438 N AnBrOsnea, & A& 3L
0 A R T B TR BOG AT 12 it A7 9 BH 25 1 A
4 R 1) Wy AR KA S5 M IR HE B T il n SRR 4K
W E R E VAR AN, S n=4 B, {15 2]
ABO; BIZEH; 24 n=colt}, {LTRi1E5] ABO; U454k
ghite, BT DAAT UK S ER 2R 45 10 2R M N B ER
RIS SEANRE 8 77 T VI EDR B 2R g5 2, % 2
M T ABLO; Y PLS (b &) iR S K . 73 [A] S5
R H@‘%%&%[ﬂ-zz,zrsmo

PLS L&) £ 3 = Fh i i gh 41202330, g
[ 24 (010) 1) IE A2 45 #4), fif 3 1f0 4 (100) 1) £ R} 45 74
i 35 1 9 (001) 1 BR R 45 44 . BL(010) 1E 58 45 74

SroNbO; A, HAR IRk A R IE S 45, 2% 1) B
A Cme2y, [ 2(a)F1(b) 5 B a ki ¢ iy ik
S I A W R, a il ) T B £ 7 1, 45
SR J2 R A5 T LA R 48\ THT - NbOg A — AN/
A ERE, b iR B TA5 6K 2 15, ¢ Babk
T, BSEZRZHEsNG S-0 2, I a il
TR T a2 MRS .

CaoND,O7. LapTi O H N Ti O 4% ] s A A2,
K5 SroNb,O7 HIBL, 7 [F] )42 3 i 45 40 A 8480
%, HARFE 10 (100) 77 . ProTiOf J& T Had
&, (EELR R 7 129 (001) 7 B0

2 PLSEME—IHRBITE

X T ABOs H5 8K 45 Bk Ak, — M B A
T UK (I BaTiOg), B A7 FH & A 25 AL (1 d 38 it
SR TTEMK, BN P HUER S SR T 2p B
WAL, B AR FRAEMBIRSD, =4 H K
ALB, 54k, EA R A A BT IKEh Bk A,
UI7E BiFeOsH, Bi &4 6 sTXf LT, 5% 5H A
WAk, A R TS, TR A R, M
MREERI R T, BARAS KA 45 R4S KA J2 0K 25 A4 40
RAE TH/\HME, HEFEENE R,
BENIED N B AT s E R 2, BIHAT NI
FHR AR T EE D, A 13 25050 .

Jorege “5 1393 i 5 — kR B V5L T LagTiOf Bk
M AR AR T AR, THE SRR LapTi 07 24\
PRIR B B Bk f AR, R PR B AR TRk, B
fir Ti% B R LT B sk e 3 B, #
SkFNEE T =AM AR, Bl 3@ PLS
SENy, BN P =2p+2pstps, BILEE T
FEAE M AR RE AN R, R I 2 AR AL
AR 45 4 (B 3(b)), &S A\ T ki
PSR JE F A T R AE ARRE AE ELHRTE, AR R ) BT

£ 2 AB,0,E PLS{L&YIARIKEFE
Table2 Crystallographic properties of A,B,0--type PL S compounds

L attice constants

Compound Crystal system  Space group Cleavage plane Ref.
a/nm b/nm c/nm g
SroNb,O; Orthorhombic Ccmc2, 0.3933 2.6726  0.5683 — (010) [27]
Sr,Ta,0; Orthorhombic Ccmc2, 0.3950 2.7270  0.5700 — (010) [28]
CaNb,0O, Monoclinic P2, 13400 0.5510 0.7720  98°17’ (100) [29]
LaTi,0; Monoclinic P2, 1.3019 05547 0.7811  98°43 (100) [21]
Nd,Ti,O; Monoclinic P2, 1.3020 0.5480 0.7680  98°28' (100) [22]
Pr,Ti,O; Monoclinic P2, 0.7715 05488 1.3004  98°33 (001) [30]
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Fig. 2 Crystal structure of Sr,Nb,O; viewed along a (a) and
along c (b)

Atoms are labelled in accordance with the nomenclature of Ref [23]
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ated with the strongest instability mode obtained for the Cmcm
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(a) SraNb,O; by solid state reaction method*?; (b) Sr,Nb,O; by spark
plasma sintering™; (c) 0.3wt%Zn0-Sr,Nb,O; by solid state reaction
method“Y; (d) Ce,Ti,O;at 4 GPa, 1100°C
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Fig. 7 Temperature dependence of ds; values of

(1) SoNb,Ox(NagsBigs) TiO3 piezoceramics after thermal
annealing’>!
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Table3 Characteristics of PL S piezoceramicsfabricated via different methods

Materials Process TJC Density/% TJC ds3/(pC/N) Ref.
Sro(Nby4Ta),0; HF 1400 95 823 1.6 [38]
S, BaNb,0; SPS 1200 95 1175 36 [45]
La,_«CeTi,0; SPS 1400 95 1440 3.9 [46]
(Sr1xCey).Nb,O, SPS 1350 98 1327 15 [47]
Sra(NbyW,),0; SPS 1425 98 1308 — [47]
(SmyLay_)Ti,O7 SPS 1400 — 1430 2.8 [48]
(BixLay ) Ti,O7 SPS 1350 95 1395 3.6 [49]

SroNb,O7-xwt%L 2,03 SSR 1350 — — — [43]
Cay_Ba,.Nb,O; SSR 1350 95 1280 — [44]
Sro(NbyV,),0; SSR 1200 9% — — [40]
Sr,Nb,O7-xwt%ZnO SSR 1400 97 — — [41]
Sr,Nb,O7-xwt%CuO SSR 1180 98 1342 11 [42]
(1—x)SroNb,O7-XNag sBigsTiO3 SSR 1420 96.8 1330 1.0 [51]

HF: Hot Forging; SPS: Spark Plasma Sintering; SSR: Solid State Reaction; Ts: Sintering Temperature
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