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Fig. 1. XRD patterns of 2Sm-PZT(54/46) ceramics: (a) 20 =
20°—70°; (b) selected region of 26 = 42°—46°.

B 2 0.02 Sm-PZT(54/46) FJ# [ SEM [ {%
Fig. 2. SEM images of 0.02 Sm-PZT (54/46) ceramics.
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Fig. 3. Dielectric spectrum of 2Sm-PZT(54/46): (a) Permit-
tivity; (b) loss tangent.

£ 30 kV /cm BT, IR #E S AR
PERE, IR PRI AHL IR B J-E s i anEl 4(a)
FE 4(b) Fron, FR A S ECan % 1 gl A
K 4 LAFER], KB PZT %S I <o fiE e,
VRF I 8 RN X AR ) D), 28 0, L P 8 W {1
SR RCAIG, S WZ B Hhon] BEA AR B A T, i
B T A 1 Xo e ELAT S S B T LA FH, A £ i
MIZEF LB 2R S5, 0.5%Sm> 158 4% O 2 ff i il
M2 WK 52 0 1E 5 H AT AR FRPE Y B2 1 it
2%, JE AWK E NSRRI M. fiE Sm B4k
oo R, BRAPERERY SR, » = 0.01 F10.02 45 i AH

40

30

20

10

0

P/(mC-cm~2)

—10 F

—20 F

—30 F

—40

x = 0.030

4
(b)y —z=0 | zSm-PZT(54/46)
3f  —2=0005 |
——¢=0010 1
2+ — z = 0.020 !
i
1

J/(nA-cm=2)
o

—30 —20 -—10 10 20 30
E/(kV-cm—1)

4 2Sm-PZT(54/46) MR M ERHLTERE  (a) P-E AL 0]

2 (b) JERHZR

Fig. 4. Ferroelectric properties of 2Sm-PZT(54/46): (a) P-E

hysteresis loops; (b) J-E curves.

1 2Sm-PZT(54/46) P pak e MEREREAR
Table 1. Ferroelectric parameters of zSm-PZT(54/46) ceramics.

FEf B E./(kV-cm™) TR WAAE P,/ (0C-cm?) FAMAL2P,/(WC-cm ?)
0.000 Sm-PZT(54,/46) 6.50543 22.9362 17.8235
0.005 Sm-PZT/(54/46) 9.07716 28.9513 41.7151
0.010 Sm-PZT(54/46) 11.96854 29.7117 43.8174
0.020 Sm-PZT/(54/46) 16.22384 30.0491 45.7736
0.030 Sm-PZT(54,/46) 19.54932 26.0871 40.9861
0.040 Sm-PZT/(54/46) 12.44085 21.0489 28.7527
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Fig. 5. Piezoelectric properties of the 2Sm-PZT(54/46)

ceramics.
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7, 7E 160 ps BT 3 2), X A H IE 4 2 1 HL 7 7R
PZT 56 32 A v B e A i (90 R G e i ol 565
— A B E A 160 ps, FREAT = HarilG, gk 2
fiig). S5 RBoR, 8 =  FF e 1.4 ns I,
R 3 BE AU 1%, - HAS[FAE 22 (R AR
A5 PITE LT 438 Hh 208 568 = 1oy, 458 —Aee
TS AT A — AN B )5 — R A IE T
SRR 3 . WS — 14y ) Bk PZT 1A%
A, B A T X IE AR B T U
YiFan. AL, M Sm3BAE o < 001, 4
g 275 ps, % EEIE BT PZT H A 821 .
B 31 25 57 DA B B8 A5 A v B I 7w BRAE E 0 0 A
290, 204 A1 165 ps!'?, H IF o T8 B0 1 S8 25 7
(7 IEHLA ) AR JLEARAR, RIA i 54wk IE

% 2 2Sm-PZT(54/46) % PALS fFSLE S (r [EE K 160 ps)

Table 2.  Decomposed PALS results of 2Sm-PZT(54/46) ceramics (with 7 fixed to 160 ps).
Sample T1/DpS 5L/% To/PS L/% 73/PS L/% Fit’s variance
0.000 Sm-PZT(54/46) 160 41.01 + 0.24 2725 £ 1.1 58.02 £ 0.24 1386 + 58 0.97 & 0.05 1.0526
0.005 Sm-PZT(54/46) 160 33.69 £ 0.64 275.9 £ 14 65.37 £+ 0.64 1531 4+ 33 0.94 £+ 0.03 1.0155
0.010 Sm-PZT(54/46) 160 31.61 £ 0.20 276.3 £ 0.4 67.45 £+ 0.20 1477 + 34 0.94 + 0.02 0.9946
0.020 Sm-PZT(54/46) 160 23.01 & 0.65 293.0 £ 1.5 75.97 £ 0.65 1531 4+ 39 1.01 4 0.04 1.0727
0.030 Sm-PZT(54/46) 160 24.25 £ 0.53 289.9 £ 1.2 74.87 + 0.53 1457 + 81 0.88 + 0.06 0.9906
0.040 Sm-PZT(54/46) 160 31.33 4+ 0.42 286.3 +£ 1.3 67.57 4+ 0.42 1402 + 34 1.09 + 0.04 1.0466

# 3 Sm-PZT(54/46) FEIT—1k PALS fifih

Table 3.  Normalized parameters of decomposed PALS results of 2Sm-PZT(54/46) ceramics.
Sample T1/pS L/% To/ DS L/% Fit’s variance
0.000 Sm-PZT(54/46) 160 41.41 £ 0.24 2725 £ 1.1 58.59 + 0.24 1.047
0.005 Sm-PZT(54/46) 160 34.01 4+ 0.64 2759 + 1.4 65.99 + 0.64 1.0155
0.010 Sm-PZT(54/46) 160 31.91 4+ 0.20 276.3 + 0.4 68.09 + 0.20 0.9954
0.020 Sm-PZT(54/46) 160 23.25 + 0.65 293.0 + 1.5 76.75 £ 0.65 1.0683
0.030 Sm-PZT(54/46) 160 24.47 + 0.53 289.9 + 1.2 75.53 + 0.53 0.9928
0.040 Sm-PZT(54/46) 160 31.68 + 0.42 286.3 + 1.3 68.32 + 0.42 1.0511
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Abstract

Rare earth dopping, especially samarium (Sm) dopping is considered as an effective way to obtain high
piezoelectricity by increasing local structure heterogeneity in Pb-containing A BO5 perovskite ceramics. Defects
play an significant role in determining piezoelectric properties in aliovalent ion doping systems. In order to
obtain an insight into the effect of defects, especially B-site vacancies on piezoelectricity, Sm-doped PZT(54/46)
ceramics compensated by B-site vacancies are fabricated by conventional solid state reaction method. The
influence of defects on piezoelectric properties is studied by positron annihilation lifetime spectroscopy (PALS),
coincidence Doppler broadening spectroscopy (CDBS), and conventional methods such as X-ray diffraction
(XRD), scanning electron microscope (SEM), electrical performance testing on dielectricity, ferroelectricity and
pizoelectricity. The XRD results show that all ceramics crystallize in a pure perovskite phase, Sm*" doping
causes a transformation from the rhombohedral to tetragonal phase and the morphotropic phase boundary
(MPB) lies near Sm*t doping content z = 0.01-0.02. Electrical performance testing results indicate that with
the increase of z, all of the dielectricity, ferroelectricity and pizoelectricity first increase and then decrease, the
sample with z = 0.01 and 0.02 exhibit similar excellent dielectricity and ferroelectricity, while their
pizoelectricity differs greatly, the optimal piezoelectric coefficient dys = 572 pC/N (nearly double that of
undoped sample) is obtained in the sample with z = 0.01. The PALS results show that Sm doping leads the
defect types to change from the coexistence of A-site and B-site vacancies for z < 0.01 to mainly A-site related
defects for x = 0.02. The CDBS results further verify that the concentration of B-site vacancies is highest for z
= 0.01 and lowest for z = 0.02. It is inferred that the high pizoelectricity for z = 0.01 is related to its high
concentration of B-site vacancies, which can dilute the number of A-site vacancies and oxygen vacancies,
reducing the chance of forming defect dipoles between an A-site vacancy and an oxygen vacancy, facilitating
domain wall motion, and enhancing piezoelectricity. This study indicates that B-site vacancies can enhance

piezoelectricity to some extent, which will provide some guidance for defect engineering.
Keywords: PZT ceramics, positron annihilation, vacancies

PACS: 77.84.Cg, 78.70.Bj, 61.72.jd DOI: 10.7498/aps.73.20231872

* Project supported by the National Natural Science Foundation of China (Grant Nos. 12075189, 11605133, 12004300,
11974275), the China Postdoctoral Science Foundation (Grant No. 2018M643813XB), and the Key Joint Funds of Shaanxi
Province, China (Grant No. 2021JML-05).

1 Corresponding author. E-mail: yangjingl0@xust.edu.cn

1 Corresponding author. E-mail: tzhang@xust.edu.cn

077701-9


http://doi.org/10.7498/aps.73.20231872
mailto:yangjing10@xust.edu.cn
mailto:yangjing10@xust.edu.cn
mailto:tzhang@xust.edu.cn
mailto:tzhang@xust.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%fg%"—*&Acta Physica Sinica

Institute of Physics, CAS

BAr FAr MG 1B FPLT (54/46) g i B 57 23 BT R FEXT IR BB P RE R R

B BYE KA FRFE EZR FH THESA EXE ZEL

Analysis of defects in B-vacancy compensated Sm—doped PZT(54/46) ceramics and their influences on
piezoelectric properties

Yang Jing  Feng Shao-Rong Zhang Tao  Niu Xu-Ping WangRong LiMin  YuRun-Sheng Cao
Xing-Zhong  Wang Bao-Yi

5| {5 B Citation: Acta Physica Sinica, 73, 077701 (2024) DOI: 10.7498/aps.73.20231872

TELERE View online: https://doi.org/10.7498/aps.73.20231872

BN 2 View table of contents: http://wulixb.iphy.ac.cn

AT RE RSB HAN S R

Articles you may be interested in

HHIE AL T BEROR DT PB4 Th B B
Study of defects in potassium—doped tungsten alloy by positron annihilation technique

PIBR2A4R. 2020, 69(9): 096103  https://doi.org/10.7498/aps.69.20191792

JHIE L R ORWFTE H/ He i R R B30 5 465 rh B 19 T Ak
Defects in H/He neutral beam irradiated potassium doped tungsten alloy by positron annihilation technique

YIHE2EAR. 2021, 70(16): 167803  hitps://doi.org/10.7498/aps.70.20210438

TEH B A S R R S AT W P L
Research progress of hydrogen/helium effects in metal materials by positron annihilation spectroscopy

WAL 2020, 69(17): 177801 https://doi.org/10.7498/aps.69.20200724

B T A B A o SRS 7 o O AL
Generation of shallow nitrogen—vacancy centers in diamond with carbon ion implantation

Y2, 2022, 71(18): 188102 https://doi.org/10.7498/aps.71.20220794

HY B THRY | <Gd) sBa,Cus0, o B2 P Y B 1L

Defect evolution in Y ) sGd) sBa,Cu;0 5 superconducting layer irradiated by H* ions
Y27, 2022, 71(23): 237401 https://doi.org/10.7498/aps.71.20221612

AL RO R A R B s H B 2 T H P R ) 52

Grain size effect on piezoelectric performance in perovskite—based piezoceramics

PIBR2E4. 2020, 69(21): 217704 hitps://doi.org/10.7498/aps.69.20201079


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.73.20231872
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.69.20191792
https://doi.org/10.7498/aps.70.20210438
https://doi.org/10.7498/aps.69.20200724
https://doi.org/10.7498/aps.71.20220794
https://doi.org/10.7498/aps.71.20221612
https://doi.org/10.7498/aps.69.20201079

	1 引　言
	2 实　验
	2.1 样品制备
	2.2 性能测试与表征

	3 结果与讨论
	4 结　论
	参考文献

