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Fig. 1 LGN crystal a-b cross-section structure and polyhedra with different cationic sites and stacked structure along c-axis direction
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(d) LGN crystal transmission ranges with other
conventional oxide nonlinear optical crystals
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Fig. 2 (a) 1 mm LGN crystal UV-VIS-NIR; (b) 1 mm LGN crystal MIR transmission spectra; (c¢) LGN crystal Raman spectra;
(d) LGN crystal transmission ranges with other conventional oxide nonlinear optical crystals

#1 LGN @iFEA MR
Table 1 Fundamental properties of LGN crystal!'

Cell parameters/nm Thermal conductivity /(W-m™-K™")

Thermal expansion

Specific Heat Refractive index

coefficient x10°%/K! capacity/(J -g’vi’l) @1.064 pm
a=0.82 a:l4 an=6.1 0.50 ne=1.95
c=0.51 c:l.7 a33=4.8 0.50 n=1.98
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Table 2 Comparison of major growth methods for LGN crystal

Methods Advantages

Disadvantages

Czochralski
Vertical Bridgman  Suitable for anomalous crystals, Can be mass-producible
Flux

Easy-to-observe, Lower defect density

Low growth temperature, Less volatilization

High temperature volatilization, High requirements for insulation materials
Large radial temperature gradient, Higher defect density

Fluxes are prone to residue

a\; z
> o,
J 38 S
39 61
40 &0
La-rich LGN
& LGN+LaGaO,
L L L L 2z
4 5 6 7 8 9 10 V¥ LGN+LaNbO,

Nb/(% in mole) © Stoichiometry

— Primary sintering

JCPDS:47-0533 LGN
JCPDS: 24-1102 LaGaO,

ool

— Secondary sintering

Intensity

JCPDS: 47-0533 LGN

20/(°)

B3 (a) La,05-Nb,Os-Ga, 05 WV FEHIAI IR (b) 2 VKA BE4E i f5 %t H XRD %
Fig. 3 (a) Sub-solid phase diagram of La,O;-Nb,0s—Ga,0;*; (b) Comparative XRD spectra before and after 2 solid phase

sinterings
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(b) LGN crystal laser damage threshold with other nonlinear optical crystals
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Fig. 4 (a) ¢60, ¢80 mm LGN crystal and 50 mm>50 mmx10 mm device; (b) LGN crystal laser damage threshold with other

nonlinear optical crystals
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Progress on Growth and Nonlinear Optical Properties of La3;GassNbgs0;4 Crystal

GU Hongxu, HAN Jinfeng, LU Dazhi, LIANG Fei, WU Kui, YU Haohai, ZHANG Huaijin
(State Key Laboratory of Crystal Materials, School of Crystal Materials, Shandong University, Jinan 250100, China)

Extended Abstract

As an important mid-infrared (at 2-20 pm) nonlinear optical material, La;GassNbysO0;4 (LGN) crystal has a wide spectral
transmission range (at 0.28-7.40 um), large second-order nonlinear coefficients (d; = 3.0+£0.1 pm/V), and high laser damage
thresholds (>1.41 GW/cm”*@1064 nm), which makes it an excellent crystal material for high-power mid-infrared laser systems. In this
review, we systematically summarize the structural properties of the LGN crystal, the large-size growth technology, the performance
characterization, and the research progress of laser applications. To solve some problems of thermal stress cracking and volatilization
of components during the growth process, a large-size and high-quality single crystal with a diameter of 80 mm is prepared via
optimizing the temperature gradient and improving the growth parameters. Also we propose a synergistic optimization strategy of
birefringent dispersion and nonlinear coefficient through component modulation, and develop Laz(Nb; (Tay)osGassO4 (LGNT,)
series of solid-solution single crystals, greatly improving the effective nonlinear coefficient. The LGN crystal has 4.4-5.7 um
mid-infrared output using the difference frequency generation technique, and the LGNT, hybrid crystals can extend the difference
frequency output wavelength to 6.84 pm, which is the longest wavelength for the continuous tuning output of oxide crystals. The
results above provide an important theoretical basis and application prospect for designing new mid—infrared nonlinear optical
materials and the large—scale use of LGN crystal in the future.

Summary and prospects This review represents a comprehensive and in-depth summary of the Lay;GassNbysO14 (LGN) crystal,
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covering important achievements in various key aspects, such as crystal structure and basic properties, large-size growth technology,
nonlinear optical properties, mid-infrared nonlinear optical properties, and applications. In terms of large-size crystal growth, some
technical problems of thermal stress cracking and component segregation during the growth of LGN are solved, and the preparation of
large—size single crystals with the diameters of 60—80 mm is stablized. Meanwhile, the LGN crystal has nonlinear optical properties
and applications, which provides a support for the development of high-power mid-infrared laser systems.

In the future, we need to optimize the crystal growth to obtain more accurate temperature regulation, further shorten the growth
cycle, improve the growth efficiency, reduce the internal defects, and improve the annealing process, to obtain larger size (=4 inches)
high-quality LGN crystal, providing a better material base for high-performance mid-infrared laser. In addition, it is also necessary to
investigate the performance regulation mechanism of LGN hybrid crystals in depth, and further optimize their nonlinear optical
properties via utilizing elemental doping and structural fine-tuning, such as improving the nonlinear coefficient and broadening the
gain bandwidth, to provide nonlinear optics crystals with excellent performances for the realization of high-power OPCPA
applications. Developing mid-infrared laser sources and optoelectronic devices can meet a demand for mid-infrared wavelength lasers
in biomedicine, environmental monitoring, national defense, security, and etc..

Key words nanthanum gallium niobate; Czochralski method; crystal growth; nonlinear optics; mid-infrared lasers



