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ABSTRACT

Dy L;-edge XANES and EXAFS spectra of chalcogenide Ge-As-S glass doped with ca. 0.2 wt% dysprosium have been investigated
along with some reference Dy-containing crystals. Amplitude of the white-line peak in XANES spectrum of the glass sample turns
out to be stronger than that of other reference crystals, i.e., Dy,S;, Dy,0s, and DyBrs. Tt has been verified from the Dy L;-edge EXAFS
spectra that a central Dy atom is surrounded by 6.7+0.5 sulfur atoms in its first coordination shell in the Ge-As-S glass, which is
relatively smaller than 7.5 of the Dy,S; crystal. Averaged Dy-S inter-atomic-distance of the glass (2.78+0.01 A) also turns out (o be
somewhat shorter than that of the Dy,S; crystal (2.82+0.01 A). Such nanostructural changes occurring at Dy atoms imply there being
stronger covalency of Dy-S chemical bonds in the Ge-As-S glass than in the crystal counterpart. The enhanced covalency in the

nanostructural environment of Dy”"
of the dopants, i.e,

ions inside the glass would then be responsible for optical characteristics of the 4f <> 4f transitions
increase of oscillator strengths and spontaneous radiative transition probabilities.
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Fig. 1. Background subtracted X-ray absorption spectrum of
the Dy-doped Ge-As-S glass. The inset shows its first
derivative spectrum.
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Fig. 2. XANES spectrum of Dy-doped Ge-As-S glass.
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Fig. 3. XANES spectrum of reference Dy,S; crystalline
compound.
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Fig. 5. XANES spectrum of reference DyBr; crystalline
compound.
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Table 1. The Dy L;-Edge Absorption Energies and Parameters Associated with the Optimized Lorentzian Functions Fitted to the White-

Line Peaks of Ge-As-S Glass and Reference Crystals

Sample Ey (eV) Amplitude (arb. unity  Center (eV) Area (arb. unit) FWHM (eV)
Ge-As-S glass 7792.6 1.97 7794.7 18.1 6.1
DyS; 7791.3 1.48 7794.2 14.9 6.7
Dy,0; 7791.6 141 7794.8 13.8 6.5
DyBr; 7791.1 1.14 77942 10.5 6.1

*Uncertainty involved in the energy determinations was estimated to be+0.5 eV.
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Fig. 6. kz-weighted Dy L;-edge EXAFS spectra of (a) DyBr;,
(b) Dy,03, (c) Dy,S; crystals, and (d) Dy-doped Ge-As-
S glass.
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Fig. 7. Fourier transformed EXAFS spectra taken at Dy Ls-
edge of the crystalline and glass samples.
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Table 2. Structural Parameters Optimized from Single-Shell Fits to Dy L;-Edge EXAFS Spectra

EXAFS’ XRD™
Sample Dy-S distance Coordination Debye-Waller Dy-S distance” Coordination
(A) number factor (A% R-factor A) number”
Dy,S, 2.82+0.01 7.5 (fixed) 0.010+0.001 0.0016 2.83 7.5
Ge-As-S glass 2.78 £0.01 6.7+0.5 0.009 + 0.001 0.0034

"Least-squares fitted under AR and AK ranges of 1.9~29 A and 2.8 +0.1~10.0+0.1 A™', respectively.

**Averaged value.
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Table 3. Judd-Ofelt Intensity Parameters of Some Dy3+-Doped Inorganic Glasses

Judd-Ofelt intensity parameter (102 em’) Ge-As-S'Y ZBLA? Phosphat636) Tellurite’®
Q, 10.53 2.7 5.50 8.59
Q, 3.17 1.8 1.31 1.48
Q 1.17 2.0 1.88 2.43
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