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Lithium niobate crystal (LN), also called the “silicon of photonics,” is a famous versatile crystal
with superior and diverse optical-electrical properties [:*l. As an important photorefractive (PR)
material, LN plays a significant role in holographic storage. But its PR properties still cannot
meet the commercial requirements. Doping different ions is an effective way to adjust the PR
properties of LN. In recent years, more attention has been paid in doping ions with valence
equal to or higher than +5 which tend to occupy the Nb-site in LN and are more beneficial to
improve the photorefraction of LN 81,

In recent years, uranium-doped lithium niobate series crystals with 1 inch in diameter and 11
cm in length had been grown successfully by the modified vertical Bridgman method. Though
UO2 was chosen as the raw material, U*, U%* and U®* ions eventually existed in LN: U [,
Comparing with pure congruent LN crystal, the absorption edge of LN: U significantly red
shifted about 184-218 nm as the concentration enhanced. A strong wide absorption in the
region of 300600 nm and an absorption peak centered at 740 nm were observed, which was
beneficial to realize the multi-wavelength holography. PR properties of LN: U in the visible
band (488nm, 532nm and 671nm) were systematically investigated for the first time. The
optimal concentration of UO2 was 0.6mol%, due to it made LN possess good comprehensive
photorefraction of the saturation diffraction efficiency, response speed and sensitivity reached
1.98 s and 2.24 cm/J at 488nm, respectively. Based on it, magnesium and uranium co-doped
lithium niobate crystals (LN: U,Mg) were investigated furthermore. The OH" absorption spectra
of LN: U,Mg crystals showed that 7mol% Mg?* reached the real doping threshold concentration
in LN: U. The absorption edge of LN: U,Mg had a significant violet shift relative to LN: U,
while LN: U,Mgr.0 had a red shift relative to LN: U,Mgs.o. The photorefractive properties of
LN: U,Mg crystals were studied and could also realize holography at 488nm, 532nm and 671nm.
The response time of LN: U,Mg at 532nm was shortened to about 2s, which was similar to LN:
U, and was twice faster than LN: Fe,Mg. Besides, it was found that the optical damage
resistance of LN: U,Mg7o crystal was 2.36><10°W/cm?, which has increased by 1 order of
magnitude compared with LN: Mo,Hf crystal. In addition, the occupation of doping ions and
photorefractive centers are discussed in these crystals. Uranium-doped lithium niobate series
crystals are candidates for holographic data storage at multiple visible wavelengths.

References

[1] A.V. Syuy, N.V. Sidorov, M.N. Palatnikov, N.A. Teplyakova, D.S. Shtarev and N.N. Prokopiv. Optical
properties of lithium niobate crystals. Optik - International Journal for Light and Electron Optics. 2018; 156: 239-
246.

[2] D. Wei, C. Wang, H. Wang, X. Hu, D. Wei, X. Fang et al. Experimental demonstration of a three-dimensional
lithium niobate nonlinear photonic crysta. Nature Photon. 2018; 12: 596.

[3] Y. Kong, F. Bo, W. Wang, D. Zheng, H. Liu, G. Zhang et al. Recent Progress in Lithium Niobate: Optical
Damage, Defect Simulation, and On - Chip Devices. Advanced Materials. 2020; 32(3): 1806452.

[4] M. K&sters, B Sturman, P Werheit, D. Haertle and K. Buse. Optical cleaning of congruent lithium niobate
crystals. Nature Photonics. 2009; 3(9): 510-513.



[5] T. Tian, Y. Kong, S. Liu, W. Li, S. Chen, R. Rupp and J. Xu. Fast UV-Vis photorefractive response of Zr and
Mg codoped LiNbO3z:Mo. Optics Express. 2013; 21(9): 10460-10466.

[6] T. Tian, Y. Kong, S. Liu, W. Li, S. Chen and J. Xu. Photorefraction of molybdenum-doped lithium niobate
crystals. Optics Letters. 2012; 37(13): 2679-81.

[7]1 Y. Dong, S. Liu, Y. Kong, S. Chen, R. Rupp and J. Xu. Fast photorefractive response of vanadium-doped
lithium niobate in the visible region. Optics Letters. 2012; 37(11): 1841-1843.

[8] D. Zheng, Y. Kong, S. Liu, J. Yao, L. Zhang, S. Chen and J. Xu. The photorefractive characteristics of bismuth-
oxide doped lithium niobate crystals. AIP Advances. 2015; 5: 17132.

[9] T. Tian, W. Yuan, W. Liu, H. Shen, Y. Zhang, Y. Chu et al. Crystal growth and spectroscopic properties of
uranium dioxide doped LiNbO3 with multiband absorption. Journal of Crystal Growth. 2021; 565: 126132.



