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Abstract: KDP-family crystals are the only nonlinear optical crystal material according with the optical
aperture of ICF laser drivers. As KDP-family crystals are grown by aqueous solution method, the macroscopic
inclusions and microscopic lattice defects easily occur in the bulk of the crystals. The high density pinpoints damage
phenomenon appears as they are irradiated by the high power laser. All the laser induced damage properties are
different from the surface damage of crystals grown by other methods, which are only limited by optical processing.
The laser induced damage by defects or precursors are related to the laser wavelengths and even the laser polarization
direction, and the different samples from the same as-grown single crystal and applied to different optical functions in
ICF laser drivers show different laser induced damage properties. Therefore, the damage mechanism is very
complicated, and it is urgent to know the laser induced damage mechanism of KDP-family crystals. In this paper, the
cooperated research of Shanghai Institute of Optics and Mechanics with Fujian Institute of Research on the Structure
of Matter, Shandong University and other crystal research institutes is reviewed. The laser induced damage properties
of KDP and DKDP crystals applied as optical switching, frequency doubling and frequency mixing optical elements
were investigated. The optimization of crystal growth process and the control of key factors were guided and the
existing problems and solutions were prospected. The research has reference value for the development of high-
performance KDP-family crystals and their rational application in high-power laser systems
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Table 1 KDP-family crystals in high power laser drivers
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Fig. 2 Damage morphologies of Z-cut sample induced by 1064 nm laser'®!
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Table 2 Laser-induced damage threshold of KDP crystal under different irradiation directions and polarization directions of 1064 nm laser'®”
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Fig. 5 Laser damage resistance enhancement of KDP crystals Fig. 6 Laser damage probability curves for KDP samples grown with
by continuous filtration techniques'™ no filter (NCF), only 0.1 pm filter (SCF) and two levels of filter
&5 Lkt ued AR T H 7 KDP (0.1 um and 0.03 pm) (TCF) in continuous filtration unit"®’
A PR HLBOG B 0 BE 5 Bl 6 gt i (NCF), 0.1 pm JEfL— % d 4§ (SCF). 0.1 um

10.03 um Y& FL — 23t 3K (TCF) R il 1 35475 JL 320

S5 GUTT AR AT LIMAG 1 LA i 2 v £ MR IR AR B L B 00 A A5 A B 1) S MR KR Y 5 B . o BTk
KDP fif A 1A Py T 240 35 — ol B 20 A1 B B SRS, SR P2 0 3 I A ot S0 ) 0948 £ R0 ) I8 4 T, 2
FIEAR, W35 3 PR, Hoh 28 po 2 m T UK L, T 227 wi KR B (B3 6L, AT 27 (A i 22

SCHR A KDP i A F ) 3o 86 209 R RUBE e 5 e mT B A 27 T B4 F 7 R o DAL A 72720, 5T LA S 49 K RUBE e
e 9 B S 0 S0 5 e T B AT A5, JHCARR A ]y G SR R S 3 R s o 0 A A8 0 A A i DR Ry A O RUE B 3
i OO BE B T BGIR TS KDP & R A 5003 B0 i S, — LR I e U3l B bR 2 Bl A O 51 R 2R 4 A
I, 1A e 5 it B2 38 AR BE A 240 550 Ko A AT HIORE 2R Y BE b, 45 45450405 s 5A% Ik 32 A0 B 000 45 2R, T A

071001-5



weOoW s 5 Ol TR

F3 AEIRFLEKE KDP & &t #5158 IE A iy 4= 20

Table 3 Information of the laser damage precursors for KDP crystals grown with differently sized filter pores™'

sample po/(mm™) Ty/(J-em™) AT/(J-cm™)
NCF 3.75 24.8 10.5
SCF 2.59 333 14.6
TCF 0.42 81.4 413
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Fig. 7 Laser induced damage thresholds (LIDTs) and sizes of laser damage precursors in KDP crystals®®
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Fig. 12 Time-varying number density of conduction band electrons

Fig. 11 Schematic diagram of valence band electron ionization
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