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Abstract Damage morphologies on lanthanum doped lead zirconate titanate (PLZT) surface induced by nanosecond
and femtosecond pulses irradiate. Different levels of the high power nanosecond and femtosecond pulses are
irradiation on the surface of PLZT, where the pulses are near Gaussian beams. The damage probability is observed on
line and the suitable powers of the pulses are adjusted. The nanosecond pulse induced damage threshold of PLZT is
485 MW/cm?. The variations of the damage spot diameters versus the energy irradiation are analyzed. The variation
of the damage depth versus the damage diameters and the damage morphology induced in the defect in the ceramic are
also detected and recorded. The damage morphologies induced by nanosecond and femtosecond pulses are also

contrasted. And some possible explanations due to the difference are given.
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Fig. 1 Sample and atomic force microscope (AFM) surface of lanthanum doped lead zirconate titanate (PLZT)
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Fig. 2 Damage test system and energy distribution at laser beam waist
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Fig. 3 Damage morphologies at different energy levels
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Table 1 Damage probability of PLZT at levels of energy

Energy level/(J/cm?®) Damage probability /%
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Fig. 4 Threshold of laser induced damage of PLZT
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Fig. 7 Damage depths along damage diameter
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Fig. 9 Damage depths versus damage diameter
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Fig. 11 Damage characters of PLZT induced by fs pulses

WSS M 1358 W1 B 8 o 8 il 5 B LR Ol B
MOREIE . SR A2 BE 4G 1% il LA BR R AR AL - 32
BUR T BOB SR R AU B B5ERTA5 4 . La B¢
A H T e g B e 0B R U AR W] O U B
La 8% BE IR 3 BGA B 1020 J5 43 3 BUHE 4 4 A4 i 5%
Wi 375 55 38 i LA L 45 2% b 0045 ) 3 24 bE i), HL
RS2 51 125 5 3 F L 6 RE 22 57 A HE S I L
A LA A PT La (9 807> FIbe 4 1T 2 45
BE B2 Ok AT LAGE i i # PT . La #9843 b 61 A1 58 45
TEARAS B R G BE T[] It Bl R 454 £
ERF R — .

5 4 e

BRI T B RO R PLZT % 6 3 .
DL [ RE 2 45 2% 75 2 3 4 B AL KD O  I PLZT
FETh WA A BB WO A S PLZT B4R 05 B {8
485 MW /em? . il 515 H 45 B 451405 110 958 093 0 B I 454
15 B e 52 55 70 7 T Al 5 I 5 0 R 5 88 L 5495
A TR BN L - LI A B 5 5005 0 B 9 5 T
BRS8N . 1 90 B4 I8 5 25 5 7 7 eI
B R IR AT 2 T RO i R 5 A R B
BT R, BT R PT. La 19 B4 L 491 A
e T K A5 5 BL I A P S P A O [7) A I ¥ 1 494

13 AR B Bt — 22 4 v

B R#MLAERRENMFEARENN TSI =HIF
Fo L0 F o B AURAT R PT R T % )T )

Z & X #t

1 Hideki Hirori, Koichiro Tanaka. Single-cycle terahertz pulses
with amplitudes exceeding 1 MV/cm generated by optical
rectification in LiNbOj; and applications to nonlinear optics[ C].
SPIE, 2012, 8240 82400B.

2 Zhou Yujie, Feng Liqun, Sun Jungiang. Etching characteristics
of MgO doped lithium niobate in inductively coupled plasmal ]].
Chinese ] Lasers, 2012, 39(9): 0906001.

JAEEAS . WIIRE, N FE. SRR IR A & A K ICP I bl M Ak
[J1. " E#EE, 2012, 39(9): 0906001.

3 Guohang Hu, Yuanan Zhao, Dawei Li, e al.. Wavelength
dependence of laser-induced bulk damage morphology in KDP
crystal; determination of the damage formation mechanism/[J].
Chinese Physics Letters, 2012, 29(3): 037801.

4 Goldring D, Zalevsky Z, Goldenberg E., e al.. Optical
characteristics of the compound PLZT[J]. Appl Opt, 2003, 42
(32): 6536~6543.

5 Lei Qiao, Qing Ye, Junlin Gan, et al.. Optical characteristics of
transparent PMNT ceramic and its application at high speed
electro-optic switch[J]. Opt Commun, 2011, 284(16); 3886 —
3890.

6 Qing Ye, Lei Qiao, Jiulin Gan, et al.. Fiber Sagnac w-shifted
interferometer for polarization independent PMNT high speed
electro-optic switch[J]. Opt Lett, 2010, 35(24); 4187—4189.

7 K K Li, Yalin Lu, Qingwu Wang, e al.. Electro-optic ceramic
material and device: U.S. Patent 6890 874[ P]. 2005-05-10.

8 J Y Cheng, Qiushui Chen. An ultrafast phase modulator for 3D

0706002-5



H |

# ot

imaging[ C]. SPIE, 2006, 6068; 60680L.

9 H Jiang, Y K Zou, Q Chen, et al.. Transparent electro-optic
ceramics and devices[ C]. SPIE, 2005, 5644 380—394.

10 Qing Ye. Xuejiao Zhang, Haiwen Cai, e al.. Analysis and
implementation of reflection-type electro-optic phase diffraction
grating[ J ]. J Lightwave technology, 2012, 30 (17): 2796 —
2802.

11 Xuejiao Zhang, Qing Ye, Ronghui Qu, e al.. Polarization-
independent electro-optic modulator based on PMNT electrically-
controlled birefringence effect and Sagnac interferometer [ ] ].
Optics & Laser Technology, 2014, 57; 5—8.

12 Zhang Xuejiao, Ye Qing, Cai Haiwen, e al.. Fabry-Perot
resonant technique for measuring the electro-optic coefficients of
PMNT ceramic and its application in diffraction grating [ J].
Chinese J Lasers, 2013, 40(7): 0708004.

g, M . RS, B A E - IR BRI 2
PMNT 4 B 56 R B AEATSH6M iy LT ] S E#OE, 2013,
40(7) . 0708004.

13 B C Stuart, M D Feit, A M Rubenchik, et al.. Laser-induced
damage in dielectrics with nanosecond to subpicosecond pulses
[J]. Physical Review Letters, 1995, 74(12): 2248—2251.

14 Yuan Xiaodong, Li Xuping, Zheng Wanguo., et al.. Ripple
damage mechanism of SiO; film induced by 1. 064 pm pulsed laser
[J]. High Power Laser and Particle Beams, 2008, 20(3); 509—
512.

B, BT TR, % 1,064 pm kOB ET T SiO:
TS AT . SR S RF I, 2008, 20(3): 509—
512.

15 L Yan, C Y Wei, D W Li, e al.. Coupling effect of multi-
wavelength lasers in damage performance of beam splitters at 355
nm and 1064 nm[]J]. Applied Optics, 2012, 51(16): 3243 —
3249.

16 Y Liao, J Xu, Y Cheng, e al.. Electro-optic integration of
embedded electrodes and waveguides in LiNbO; using a
femtosecond laser[J]. Opt Lett, 2008, 33(19): 2281 —2283.

EEGE KL

0706002-6



