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Fig. 1. (a) Photograph of the as-grown Nd:GdScOj; single
crystal; (b) photograph of Nd:GdScOj; single crystal under a

stress meter.
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Fig. 2. (a) Rocking curve of the Nd:GdScOs; single crystal
(200) plane; (b) XRD pattern of Nd:GdScOs.
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Fig. 3. Refined fitting results of the Nd:GdScOj; crystal.
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# 1 Nd:GdScO, iR E 45 S5
Table 1. Refined structural parameters of Nd:GdScOj crystal.

Element X Y A Uiso Occupancy
Gd 0.01528(131) 0.93810(61) 0.25000 0.30000 0.49500
Nd 0.01528(131) 0.93810(61) 0.25000 0.30000 0.00500
Sc 0.00000 0.50000 0.00000 0.70000 0.50000

O(1) 0.89949(644) 0.53778(623) 0.25000 1.00000 0.50000
0(2) 0.70048(688) 0.30665(657) 0.96285(537) 1.00000 1.00000

Lattice parameters

a=548406 A, b = 5.74610 A, ¢ =7.93091 A, a = 3 =7 = 90°

R-factors

R, 4.19%; Ry 5.52%
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Al T L Se JEF- 07 F 1 i 1 ) 4R Gd T

Kl 4 (100), (010) 1 (001) &b i |- (4 S 48 ph IR AR
Fig. 4. Dislocation etching pit shapes of the Nd:GdScO,
crystals on the (100), (010), and (001) faces.
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Fig. 5. (a) Non-polarized transmission spectra of Nd:GdScO4
crystals along different crystallographic directions; (b) re-
fractive index square n? calculated by transmission spec-

trum and curve fitted by Sellmier equation of Nd:GdScOj;

crystal.
% 2 Sellmeier 4 HTTFEH AT H AL
Table 2.  Constants in the Sellmeier dispersion equation.
n, ny n,
A 3.2441 3.4552 3.2122
B/nm? 1075201.0021  911103.4277  547520.8129
C/nm? 123080.6443 81920.1894 194305.9352
D/(10 7 nm?) 5.6121 4.4508 4.3341
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Fig. 6. (a) Orientation of the optical axis in Nd:GdScOs;
(b) variation of the angle 3 between the optical axis and
the zaxis in Nd:GdScOj crystals.
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Fig. 7. Temperature-dependent emission spectra of Nd:Gd
ScOj3 crystal.
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Abstract

This work reports the successful growth of a high-quality 1.0% (atomic percentage) Nd:GdScO; single
crystal with a diameter of 30 mm and a length of 80 mm by the Czochralski method. The crystalline perfection
was evaluated by X-ray rocking curve measurements, yielding a full width at half maximum (FWHM) of 0.041°
for the (200) plane, indicating excellent structural integrity. Chemical etching experiments revealed that the
morphology of etch pits is closely related to the orthorhombic symmetry and crystallographic orientation,
demonstrating the intrinsic correlation between dislocation characteristics and lattice structure.

The optical anisotropy of the crystal is systematically investigated. Based on transmission spectra and
Sellmeier equation fitting, the refractive indices along different crystallographic directions are obtained, and the
orientation of the optical axes is determined, providing fundamental data for anisotropic optical device
applications. Temperature-dependent fluorescence emission spectra and fluorescence decay curves are measured
for the first time. By fitting the emission intensity using the Arrhenius model, an activation energy of 0.16 eV is
obtained. Combined with the temperature-independent fluorescence lifetime behavior, the temperature
quenching mechanism in Nd:GdScOj is identified as a thermally activated non-radiative crossover process. In
addition, the thermal expansion coefficients along different crystallographic directions are characterized for the
first time, supplying essential thermal parameters for thermal management and performance optimization in
high-power solid-state laser applications.

These results demonstrate strong physical consistency among the structural, optical, and thermal properties
of Nd:GdScO; single crystals, and provide essential experimental parameters and mechanistic insights for
further studies on thermal effect regulation, defect control, crystal processing, and laser performance

optimization.
Keywords: Nd:GdScOyj single crystal, thermal properties, spectral characteristics, temperature quenching
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