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Table 1.  Statistic breakdown time with electric shock time of ferroelectric ceramic under pulse electric field (total

15000 pieces).
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Fig. 1. Electric shock time versus failure rate of ferroelec-
tric ceramics under pulsed electric field (typical bathtub

curve).
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Table 2.

#2

BRI M2 7T 10 VOB IhiS TR MR A0 5 (6V /mm)

Breakdown field strength of ferroelectric ceramics after 10 times pulsed electric shock (kV/mm).

H5 By Y Y wY WY HE5 B w5 Ay &Y B RE5 OBy RS Y w5 dY wY5 OBy
1 8.80 2 8.55 3 8.35 4 8.30 5 8.85 6 8.90 7 8.85 8 8.50 9 8.90 10 8.85
11 8.35 12 8.80 13 8.90 14 850 15  8.90 16  8.75 17 880 18 8.15 19 865 20 880
21 830 22 88 23 87 24 845 25 890 26 88 27 830 28 875 29 875 30 885
31 880 32 875 33 87 34 895 35 895 36 88 37 9.00 38 890 39 830 40 10.2
41 870 42 885 43 9.00 44 895 45 885 46 860 47 870 48 880 49 895 50 8.85
51 850 52 870 53 890 54 855 55 88 b6 850 57 890 58 88 59 895 60 7.90
61 840 62 890 63 875 64 88 65 88 66 895 67 860 68 88 69 88 70 830
71 880 72 875 73 895 74 880 75 880 76 8.85 77T 895 78 865 79 895 80 8.80
81 850 82 855 83 890 84 890 8 845 8 840 87 865 8 880 & 880 90 8.05
91 850 92 865 93 88 94 860 95 895 96 890 97 865 98 890 99 7.80 100 &.75
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Fig. 2. Normal distribution fitting curve of electric break-
down field about ferroelectric ceramics after 10 times pulsed

electric shock.
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Table 3. of PZT 95/5 after

10 times pulsed electric shock.

Breakdown possibility
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Fig. 3. Piezoelectric constant dy3 of PZT 95/5 versus elec-

tric shock time.
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Fig. 4. Variation of hysteresis loops of ferroelectric ceram-
ics after different electric shock times: (a) Original figure;

(b) local enlarged figure.
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Fig. 5. Scanning electron microscope figure of failure zone

about ferroelectric under pulsed electric field.
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Fig. 6. Typical breakdown waveform of PZT 95/5 ferroelec-

tric ceramics.
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Fig. 7. Multi-crack like defect inner ferroelectric ceramics.
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Fig. 8. Ferroelectric ceramics without crack like defect.

BRA P REAEBK s I, el R S Ak
o £ S BRI A9 2R 2 oA . 22000 10 Yk o
o NS O ity DK oot s SRS A AH HE T
ARZTT 10 YRk s s P R A, BRI T 4 B
L b BRA R R4 Dy T L L IE [l fpk s e B
A, AWEE SN W I 19 9% 55 st 13, IR 10 UKk [
ok b i e ARG JORPIRAS . [R5 18 2 2R R
PREHRE, kel PR Ak b R AT 2
BRI A R ECT RE T S B RO

S 3k

[1] Zhang F P, Du J M, Liu Y S, He H L 2007 J. Am. Ceram.
Soc. 90 2639

2] Setchell R E 2007 J. Appl. Phy. 101 053525

[3] Wang H, Singh R 1997 J. Appl. Phy. 81 7471

[4] Zhang F P, Du J M, Liu Y S, Liu Y, Liu G M, He H L 2011
Acta. Phys. Sin. 60 057701 (in Chinese) [5KA8F-, kL4x#f, XIF
A, XN, XS, B4R 2011 PrBEaA4 60 057701]

[5] Cao H, Evans A G 1994 J. Am. Ceram. Soc. 77 1783

[6] White G S, Raynes A S, Vaudin M D, Freiman S W 1994 J.
Am. Ceram. Soc. T7 2603

[7] Watanabe Y, Okano M, Masuda A 2001 Phys. Rev. Lett. 86
332

[8] Bourne N K, Rosenberg Z, Field J E 1995 J. Appl. Phy. 78
3736

[9] Heaton T H 1990 Phys. Earth Planet. In. 64 1

107701-5


https://doi.org/10.1111/j.1551-2916.2007.01760.x
https://doi.org/10.1111/j.1551-2916.2007.01760.x
https://doi.org/10.1111/j.1551-2916.2007.01760.x
https://doi.org/10.1111/j.1551-2916.2007.01760.x
https://doi.org/10.1111/j.1551-2916.2007.01760.x
https://doi.org/10.1111/j.1551-2916.2007.01760.x
https://doi.org/10.1111/j.1551-2916.2007.01760.x
https://doi.org/10.1111/j.1551-2916.2007.01760.x
https://doi.org/10.1063/1.2697428
https://doi.org/10.1063/1.2697428
https://doi.org/10.1063/1.2697428
https://doi.org/10.1063/1.2697428
https://doi.org/10.1063/1.2697428
https://doi.org/10.1063/1.2697428
https://doi.org/10.1063/1.2697428
https://doi.org/10.1063/1.365290
https://doi.org/10.1063/1.365290
https://doi.org/10.1063/1.365290
https://doi.org/10.1063/1.365290
https://doi.org/10.1063/1.365290
https://doi.org/10.1063/1.365290
https://doi.org/10.1063/1.365290
https://doi.org/10.7498/aps.60.057701
https://doi.org/10.7498/aps.60.057701
https://doi.org/10.7498/aps.60.057701
https://doi.org/10.7498/aps.60.057701
https://doi.org/10.7498/aps.60.057701
https://doi.org/10.7498/aps.60.057701
https://doi.org/10.7498/aps.60.057701
https://doi.org/10.7498/aps.60.057701
https://doi.org/10.7498/aps.60.057701
https://doi.org/10.7498/aps.60.057701
https://doi.org/10.7498/aps.60.057701
https://doi.org/10.7498/aps.60.057701
https://doi.org/10.7498/aps.60.057701
https://doi.org/10.7498/aps.60.057701
https://doi.org/10.1111/j.1151-2916.1994.tb07051.x
https://doi.org/10.1111/j.1151-2916.1994.tb07051.x
https://doi.org/10.1111/j.1151-2916.1994.tb07051.x
https://doi.org/10.1111/j.1151-2916.1994.tb07051.x
https://doi.org/10.1111/j.1151-2916.1994.tb07051.x
https://doi.org/10.1111/j.1151-2916.1994.tb07051.x
https://doi.org/10.1111/j.1151-2916.1994.tb07051.x
https://doi.org/10.1111/j.1151-2916.1994.tb04649.x
https://doi.org/10.1111/j.1151-2916.1994.tb04649.x
https://doi.org/10.1111/j.1151-2916.1994.tb04649.x
https://doi.org/10.1111/j.1151-2916.1994.tb04649.x
https://doi.org/10.1111/j.1151-2916.1994.tb04649.x
https://doi.org/10.1111/j.1151-2916.1994.tb04649.x
https://doi.org/10.1111/j.1151-2916.1994.tb04649.x
https://doi.org/10.1111/j.1151-2916.1994.tb04649.x
https://doi.org/10.1103/PhysRevLett.86.332
https://doi.org/10.1103/PhysRevLett.86.332
https://doi.org/10.1103/PhysRevLett.86.332
https://doi.org/10.1103/PhysRevLett.86.332
https://doi.org/10.1103/PhysRevLett.86.332
https://doi.org/10.1103/PhysRevLett.86.332
https://doi.org/10.1063/1.360709
https://doi.org/10.1063/1.360709
https://doi.org/10.1063/1.360709
https://doi.org/10.1063/1.360709
https://doi.org/10.1063/1.360709
https://doi.org/10.1063/1.360709
https://doi.org/10.1016/0031-9201(90)90002-F
https://doi.org/10.1016/0031-9201(90)90002-F
https://doi.org/10.1016/0031-9201(90)90002-F
https://doi.org/10.1016/0031-9201(90)90002-F
https://doi.org/10.1016/0031-9201(90)90002-F
https://doi.org/10.1016/0031-9201(90)90002-F
https://doi.org/10.1016/0031-9201(90)90002-F
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

#) 32 % 3R Acta Phys. Sin. Vol. 73, No. 10 (2024) 107701

Failure distribution and reliable analysis of ferroelectric
ceramics under pulsed electric field”
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Liu Yu-Sheng  Ye Fu-Qing
(D&M Center of Equipment and Engineering, Institute of Fluid Physics, China Academy of Engineering Physics,
Mianyang 621900, China)

( Received 19 August 2023; revised manuscript received 21 March 2024 )

Abstract

Dielectric breakdown at high electric field plays an important role in the application of ferroelectric
ceramics. In this paper, the failure probability versus electric shock time of ferroelectric ceramics under positive
pulse electric field is analyzed statistically. The failure probability distribution of ceramics after 10 electric
shocks is studied. Piezoelectric constant, P-E loop of ferroelectric ceramics after 10 thousand electric shocks are
measured and the breakdown mechanism is discussed. The results indicate that the relation between failure
probability and electric shock number of ferroelectric ceramics is shown by a bath-tube curve and the failure
probability of samples after 10 electric shocks decreases by 4 orders of magnitudes compared with that of origin
sample. According to the results of piezoelectric constant and P-F loop, the samples subjected to positive pulse
electric field many times do not show obvious fatigue or aging effect. So pulse electric field loading at
4.5 kV/mm is close to non-destructive condition. Considering the spread speed of cracks, it can be found that
the rupture of ferroelectric ceramics under pulsed electric field roots from extension and connection of multi-
cracks from multi-defects.

Keywords: ferroelectric ceramics, pulsed electric field, failure probability
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