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Evolution of Mesoscale Clusters in Study of Defects in Lithium Niobate Crystals
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Abstract: There are abundant defect structures in lithium niobate crystals, mainly including Vy;, Nby;**, Vi, and Vg point defects.
The existence of defects greatly affects the properties of lithium niobate crystal(i.e., piezoelectric, electro—optic, ferroelectric,
photorefractive, nonlinear optical properties and laser damage threshold) as well as the performance of SAW, electro—optic modulator,
acousto—optic modulator, temperature/pressure/acceleration sensor and other devices. The main process of defect formation in lithium
niobate crystal can be attributed to the evolution of mesoscale clusters centered on O®” ions. It is thusimportant to understand the
evolution mechanism of mesoscale clusters in the defect formation process of lithium niobate crystal for defect control. This paper
was to investigate the dynamic evolution process and formation mechanism of defects in lithium niobate crystal from the aspects of
defect types, formation energy and mesoscale cluster model. The hybridization and rehybridization process caused by defects in
lithium niobate crystal structure was analyzed, and the coupling of multiple degrees of freedom was considered, which contributes to
the defect control, rapid growth and performance control of lithium niobate crystal. In addition, the correlation between the defects of
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lithium niobate crystal and its properties as well asfunctions was also analyzed.

Keywords: lithium niobate; defects; clusters; mesoscale; dynamic evolution
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Table 1 Some properties of congruent lithium niobate and near stoichiometric lithium niobate crystals

122, 24-25]

Nonlinear optical

Mole ratio

Linear electrooptic .
Coercive field @ room

Parameters . coefficient @ A= coefficients @ A= B
(Li,0: Nb,Os) o . temperature/(kV-mm )
633 nm/(pm-V") 1064 nm/(pm-V )
Congruent lithium niobate 48.6:51.4 di3=6.1 r3;=10.0 About 21
d33:34.1 r;=31.5
Near- stoichiometric lithium 49.9: 50.1 di3=6.3 r;;=10.4 <4(80% Lower)

niobate

d33=44.0(33% Hinger)

rx=38.3(22% Higher)
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Fig. 7 (a) Schematic model of the anti Nb (blue ball) of lithium niobate (Li and Nb, grey ball) structure lacking Li and Li vacancy
distribution (6 possible distributions, marked with numbers 1-6; red ball) in the first adjacent shell. O atoms are not shown
for clarity. (b) The local density of state (PDOS) of Nb d and O p orbitals of Li vacancy clusters (L47, top figure) with 3—4—
5—6 defect distribution and minimum defect structure (L50, bottom figure). (c) The local density of state (PDOS) of 3—4—5-6
defect clusters of Li vacancies in L47. (d) PDOS of minimum defect structure of L501”!
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Fig. 8 (a) Reflection topography of subgrain boundary in Y-cut lithium niobate SAW delay line (14 mm in X direction; 14 mm in z

direction), (b) transmission topography of Z-cut lithium niobate (6 mmx7.3 mm
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Fig. 9 (a) Imaginary part of dielectric constant of lithium niobate crystal sample at room temperature **, (b) 90 row atomic domain
structure, (c) polarization direction at domain wall, (d) "head to head" and "tail to tail" polarization structure at bent domain

wall*!
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Electro optical coefficients of lithium niobate
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Table 2

Electro-optical coefficient
Crystal samples

#55/(pm-V)
46.9mol% Li lithium niobate 31.9+0.7
48.5mol% Li lithium niobate 31.4+0.7
49.5mol% Li lithium niobate 29.610.7
1.2mol% Ti lithium niobate 30.31£0.8
10mol% Ti lithium niobate 29.440.8
16mol% Ti lithium niobate 29.14£0.8
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Fig. 10 Mechanism of photorefractive effect
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Conduction band
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Fig. 11  Orbital migration diagram of lithium niobate crystal, and relative energy level distribution diagram of doped ions in lithium

niobate band gap!®"’
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Fig. 12 (a) Absorption coefficient versus wavelength curve of MgO: LN newly grown (black solid line) and annealed (red dotted
line) under abnormal light conditions (b) Absorption spectra of 5% MgO doped lithium niobate crystals under normal and

abnormal light. Relative measurement accuracy is 0.000 5 cm

_1[52]

*3  ERIER AR RET RIS

Table 3 Special absorption band of impurity ions in lithium niobate crystal

o light absortion peak

e light absortion peak

Impurity ions

Wavenumber/cm ' Wavelength/nm Wavenumber/cm ' Wavelength/nm
cr 13820 724 13780 725
cr 15330 652 15300 653
Haiy Fe* 20970 477 21510 465
Fe** 20570 486 N/A N/A
Ni** 13330 750 13900 719
Ni** 20410 490 19420 515
Ni** 23360 428 21980 455
Cu’ 26670 375
FI 1 mm S CLN 5 MgO:LN @R AT I A4 SRl
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