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ABSTRACT

Heavy Metal Oxide Glasses (HMOG) have been considered as one of the potential hosts for fiber-optic
amplifiers and mid-IR lasers due to the low vibrational phonon energy. Effects of the spuricus OH™ on the
emission characteristics of Nd**-doped Ph0-Bi:0s-Ga,0y glasses were investigated. Analyses of the decay be-
havior of 1.34 pm fluorescence from the "Fyp— iy lransition in Nd* suggested two different energy trans-
fer mechamsms hetween Nd* and OH™. For a glass doped with low concentration (0.05 wt.9%) of ¥d,0s,
the intensity of the emission followed by a non-exponential decaying behavior foliowmng the relationship of
exp(t™) where t stands for a time scale. On the other hand, an exponential behavior was dommant for the
glasses containing more than 0.5 wt% of Nd:0s. A direct energy transfer from Nd®  to OH™ seemed 1o be
responsible for the non-exponential decaymg behavior and its rate constant was propertionzl to R 5 where
R is the distance between Nd®* and OH~. The critical lransfer distance (R,) was calculated to be 0.464 nm.
Non-radiative decay in the glasses with high concentration (>0.5 wt.%) of Nd:Q; is mainly originated from
the crass relaxation of 'Fas [ gz — *Iis ¢ *lisy among the neighboring Nd**,
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Fig. 1. Typical IR transmission specirum ol PhO-B1,05
Gay03 (EO) glass, with the OH™ absorption peak
located at the wavenumber of 25003500 em™%
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Table 1. Calculated Molar Extinction Coefficients of
OH™ in EQ Glass.

a C P €
compasition (mm™> | (wt.%) | (g/cm?®) | (//mole
Cm)
EO 0.230 0,018 8.189 156
EOQ+0.05
0.215 0.017 8.148 1.55
wt.% ngO3

Table 2. Analyzed Compositions of 57Pb(0-25Bi,0-18
Ga(0; (mole%) Glasses Containing 0.05 wt.%

Ndy0s,
melting | duration
tempe- af PrO Bi:(4 Ga,0y | Nd:0s
rature | melling |(mole%) | (mole%)|{mole%)| (wl.%)
() {mir.)
1100 15 55.63 25.56 18,18 | 0.047
11040 60 5553 25.77 1776 | 0.049
1300 20 53.14 26.78 1810 | 0.060
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Fig. 2. OH™ concentrations of EQ glasses melted at
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Fig. 3. Absorption spectrum of EQ glass doped with
1 wt.% Nd,Os.

Table 3. Judd-Ofelt Intensity Parameters of Nd*" in
EOQ Glass and Various other Host Glasses™.

intensity parameters
glasses (107 cm®
R o £
EQ 297 4.16 351
horate 41 34 4.3
silicate 4.0 34 25
phosphate 27 5.3 54
germanate 5.8 33 259
ZBLAN 20 36 43
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Table 4. Radiative Transition Probabilities, Branching
ratios and Calculated Lifetime of the Nd**:
F, level in EQO Glass.

transition | A (nm) | A (57D | B (%) | Tw (us)
"Fan = “Tise 1691 26.8 04
— g 1342 558.3 85
., | 1067 | 30130 | 460

— Mo 8092 2943.9 451
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Fig. 4. Fluorescence spectra of EQ glass doped with
0.05 wt.% Ndi( containing different OH™ con-
centration; (a) 0.89, (b) 1.01, () 1.08 and (d)
124 molefl.
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Fig. 5. Decay curves of the 'Fy, level in EO glass with
Nd:04 concentration of {a) 0.05 and (b) 1.0 wt.%.
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T —7t%). Concentration of OH~ was (a) 0.85,
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a fixed Nd;Oy content of 0.05 wt.%.
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Table 5. Results of the Least-square Fitting of the
Decay Curve Recorded from 0.05 wi%-Nd,Oy4
doped EO Glass.

OH" Co R,
concentration ¥ (mole/) (A)
{moles)
0.85 27.7 44 45
0.89 293 4.3 4.5
0.91 35.0 3.7 47
1.0 374 35 47
1.08 422 3.7 4.7
1.19 446 3.8 4.7
124 45.2 39 47
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Fig, 8. Measured lifetimes of 1.0 wt% Nd:Q,-doped
glass with various OH™ contents.
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