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Abstract: There is a critical value of quenching concentration or optimal doping concentration in the laser glass
due to the concentration quenching effect. It is particularly important to quickly and effectively determine the lumi-
nescent quenching concentration. In this paper, a semi-quantitative method is established for predicting the quench-
ing concentration of laser glass by studying the relationship between the population of excited states of rare earth ions
in glass and the doping concentration. It is found that the linear correlation between the transition rate of spontaneous
emission and doping concentration is greater than its squared correlation with a concentration in Nd**-doped phos-
phate glass. This indicates that OH™ affects more to the transition probability of spontaneous emission than the energy
transfer process between rare earth ions. The fluorescence lifetime at low concentration is selected instead of the
spontaneous radiative lifetime to predict the quenching concentration, which effectively reduced the influence of
multi-phonon relaxation and OH™, and the absolute error between the predicted luminescence quenching concentra-
tion and the experimental value was reduced from 0. 82% to 0. 16%. The proposed prediction calculation method has
high accuracy and strong universality. This work guides determining the quenching concentration of laser glass and is

beneficial to the research and exploration of a new type of laser glass.
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Fig.1

(¢)Decay curves. (d)Nd' energy level diagram.
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Spectral properties of different concentrations of Nd,05-doped PAB glass. (a) Absorption spectra. (b) Emission spectra.
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Tab. 1 J-O strength parameters(£2,, (2,, £2,) and spontaneous emission lifetime 7, with different concentrations of Nd,0,-doped

PAB glass

Concentration of Nd,0,, x,/% 0,/(10™ em®) 0,/(10™ em®) 0/(10™ em®) 7,/
0.25 4.63 6.73 5.28 625
0.50 4. 64 5.33 5.26 669
1.00 4.85 4.98 5.22 685
1.50 5.07 4.19 5.10 726
2.00 5.10 3.97 5.05 740

%2 AERENGOBEPABEBHNIRAXAEGREMEGSH(RPABEE, IEHME)

Tab. 2 The measured lifetime and its fitting parameters with different concentrations of Nd,0,-doped PAB glass(R® is the fitting

degree, double-exponential fitting)

Concentration of Nd,0,, x,/% A, 7/ s A, 7,/|us T /s R
0.25 0.38 130 0.62 297 262 0.994
0.50 0.29 107 0.71 242 221 0.998
1.00 0.35 95 0.65 198 176 0.998
1.50 0.75 120 0.30 206 166 0.997
2.00 0.74 101 0.30 189 139 0.997
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Fig.2 Infrared transmission spectra of Nd**-doped PAB glass
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Tab. 4 Calculated parameters with different concentrations

of Nd*-doped PAB glass

Concentration of

N0, x/% 7,/ s T /us Wis™
0.25 625 262 2216.79
0.50 669 221 3030.12
1. 00 685 176 4221.96
1.50 726 166 4 646. 68
2.00 740 139 5842.89
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Tab.5 Fitting parameters by Burshtein model with different
concentrations of Nd”-doped PAB glass (7 is the

measured lifetime at low concentration )

Concentration y = P e o
/us  yls v,/s wls w,/s

of Nd,0,, x,/1% ! !
0.25 262 0 0 — —
0.50 262 0 0 1343.82 5.38x10’
1.00 262 0 0 2300.47 1.47x10*
1.50 262 0 0 3276.71 1.40x10’
2.00 262 0 0 4084.74 1.02x10’
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