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Theoretical Study on Point Defects on Surfacesof KH,PQ,4 Crystals
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(1. Institute of Crystal Materials and State Key Laboratory of Crystal Materials, Shandong University, Jinan 250100, China;
2. Center for Optics Research and Engineering, Shandong University, Qingdao 266237, Shandong, China)

Abstract: KDP crystal is a nonlinear optical material that is used in inertial confinement nuclear fusion devices. However, the defects
seriously reduce the optical performance such as light absorption and laser damage threshold of KDP crystals. It is thus of great
significance to investigate the influence mechanism of KDP crystal defects on its electronic structure and optical properties for the
improvement of its optical properties. In this paper, the structure, stability and electronic structure of hydrogen and oxygen vacancy
defects (i.e., Vi and V() on the growth surfaces (100) and (101) of KDP crystals were investigated by using the first-principle
calculation. The effect and microscopic mechanism of acidic environment on the structure and properties of surface defects were also
discussed. The results indicate that the Vg and V defects both are easier to be formed on the surfaces (100) and (101) rather than in
bulk KDP crystal. The surface (100) has an intense tolerance for surface Vy and V¢ defects, while Vg on the surface (101) prefers to
lose electrons, and introduces a deep defect level in the band gap, thusdamagingthe optical properties of the KDP crystal. In addition,
acidic environment canlead to more Vg defects on the surface (100) and introduce the defect level in the band gap. Also, acidic
environment is conducive to the repair of the Vi defects on the surfaces, and can eliminate the defect states introduced by the surface
Vo defects on the surface (101), which is conducive to improving the quality and optical quality of the crystal surfaces.
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In the right figures, the considered sites of Vyy and Vg defects are labelled.

K1 (100) 22 (101) 2R 1 AP T 2:(2e) MR ISR ), A B e ] 1 25 8 R A 28 0 S A s s
Fig. 1 Cutting method and the corresponding models of the KDP (100) and (100) surfaces.
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Dotted circles represent the positions of the vacancy defects.

2 KDP 1A (100)7 [ 25 1 LR 5 A AN TR] A 2 S 2 i AR 2 or R s 0 3 1T 4544
Fig. 2 Structures of the (100) surfaces of KDP crystal, and those with neutral and charged Vy and Vq defects

Dotted circles represent the positions of the vacancy defects.

K3 KDP fafA(101)ZR I 4544 DAL 25 A A ) F e 2 2 2 (o A 4 2 A ke FD 28 18T 45 )
Fig. 3  Structures of the (101) surfaces of KDP crystal, and those with neutral and charged Vy; and V defects
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Fig. 4 Partial density of states of the Vi and Vg defects on the (100) surface of KDP crystal
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5 BH Vi M Vo BREG R KDP(101) 1 23 24555 1 &
Fig. 5 Partial density of states of the Vy and V defects on the (101) surface of KDP crystal
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Yellow and blue regions represent electron accumulation and depletion, respectively. The corresponding adsorption energy is listed at the top of each figure.
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Fig. 6 Local and overall structures as well as the charge density difference maps of H" adsorbed (100) surfaces that without and with

Vy and Vg defects
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Fig. 7 Partial density of states of the adsorbed H" ions and its adjacent surface atoms on the (100) surfaces
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Fig. 8 Partial density of states of the H" adsorbed (100) surfaces with Vi and V;, defects
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Yellow and blue regions represent electron accumulation and depletion, respectively. Corresponding adsorption energy is listed at the bottom of each figure.
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Fig. 9 Local and overall structures as well as the charge density difference maps of H" adsorbed (101) surfaces that without and with

Vy and Vg defects
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Fig. 10 Partial density of states of the adsorbed H" ions and its adjacent surface atoms on the (101) surfaces
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Fig. 11 Partial density of states of the H' adsorbed (101) surfaces with V}; and V,, defects
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