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Abstract: Rare-earth doped laser glass fiber is the core gain medium of fiber laser. The concentration of the rare-
earth ions is one of the important parameters to determine the gain characteristics of laser glass. How to determine the
quenching concentration(QC) of laser glass quickly and effectively is a key scientific problem. In this paper, the QC
of Er*-doped germanate glass is predicted by using the spontaneous emission lifetime and the measured lifetime of
the Er’ : 'I;3,—"I,5, transition. The results show that the maximum absolute error between the theoretical prediction
and the actual value is less than 0. 4%. Compared with the phenomenological model and finite diffusion model to de-
termine the QC by fitting the luminescent intensity and measured lifetime of multiple experimental samples, our pro-
posed method can determine the QC of laser glass by the test parameters of one or two samples, which is simple, fast

and has little calculation error. It has a guiding significance for the research of high-gain laser glass and optical fiber.
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Fig. 1 Spectral properties of different concentrations Er,05-doped GGB glass. (a) Absorption spectra. (b) Emission spectra. (¢)

Measured decay curves. (d)Infrared transmission spectroscopy.
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Tab. 1 J-O strength parameters £2,, 0, £),

spontaneous emission transition lifetime 7,

and measured lifetime 7 (R’ is the fit-

ting degree) with different concentrations Er,0,-doped GGB glass

x4l %o 0,/(10% cm?®) 00107 cm?) 0J(107 cm?) 7,/ms 7, /ms R
1 7.75 1. 69 0.74 6.70 5.68 0.999
2 7.20 1.86 0.79 6.63 4.20 0.999
3 8. 18 2.09 0.96 6. 30 3.26 0.999
4 7.01 1.99 0.76 6.50 2.58 0.999
5 6.98 2.01 0. 89 6.43 2.11 0.999
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tionship between ‘I,3, population and Er,05 concentration.
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Fig.3 (a)-(e) The fluorescence decay curve of different Er,0; concentrations in GGB glass fitted by the Burshtein model. (f)

The relationship between ‘1,5, population and Er,05 concentration.
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Tab. 2  Fitting parameter w and calculating quenching concentration X, for different spontaneous emission lifetime 7, and doping

concentration x,( calculated by the Burshtein model)

x,(wt)/% 7,/ms yls™ wls™ Yols /s X /%
1 0 12.27 0 1.23x10° 3.6
2 0 66. 39 0 1. 66x10° 3.1
3 6.3 0 126. 20 0 1.40%x10° 3.4
4 0 212.42 0 1.33%x10° 3.5
0 289. 41 0 1.16x10° 3.7

1 0 17.15 0 1. 72x10° 3.0
2 0 71.27 0 1.78x10° 2.9
3 6.5 0 131.08 0 1.46x10° 3.2
4 0 217.30 0 1.36x10° 3.4
0 294. 30 0 1.18x10° 3.6

1 0 21.85 0 2.19x10° 2.6
2 0 77.59 0 1.94x10° 2.8
3 6.7 0 136. 10 0 1.51x10° 3.1
4 0 221. 89 0 1.39x10° 3.3
5 0 298.97 0 1.20x10° 3.5
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Fig. 4 The relationship between the parameter @ and x," under different 7,. (a)7y=6.3 ms. (b)7y=6.5 ms. (¢)7,=6.7 ms. The red

line is the variation curve of fitted parameter @ with x,"and the blue line is the linear relationship between @ and x," at

1% Er,0,.
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Tab. 3 Calculated radiative transition probability W and the-
oretically predicted quenching concentration X, for
different spontaneous radiative lifetime 7, and dop-
ing concentrations x,(calculated by the method pro-
posed in this paper)

x,/ % 7,/ms 7, /ms wis™ X /%
1 5.68 17.33 3.0
2 4.20 79.37 2.8
3 6.3 3.26 148. 02 3.1
4 2.58 228. 87 3.3
5 2.11 315.20 3.5
1 5.68 22.21 2.6
2 4.20 84.25 2.7
3 3.26 152.90 3.0

6.5
4 2.58 233.75 3.2
5 2. 11 320. 09 3.5
1 5.68 26. 80 2.4
2 4.20 88. 84 2.6
3 6.7 3.26 157. 49 2.9
4 2.58 238.34 3.2
5 2.11 324.68 3.4

(a) 6 ® 7,=6.3 ms
5+ * 7,=6.5 ms
® 7,=6.7 ms
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KA E .

Fig.5 Comparison of theoretical predicted and experimental

W

quenching concentrations. (a)The result was calculat-
ed based on the BN model. (b) The result was calcu-
lated based on the method proposed in this paper. The
dotted line represents the experimental quenching
concentration 3%, and the solid points represent the
quenching concentration calculated theoretically with

different x,and 7.
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