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Abstract: Rare-earth-doped laser glass is the key medium of fiber lasers. However, how to predict the spectroscop-
ic properties quantitatively remains a challenge to accelerate the development of high-performance laser glass. Here
we regard the nearest-neighboring congruently melting compound (CMC) as the component and structural “motif” of
glass based on the phase diagram model and apply it to the Tm**-doped binary germanate laser glass systems. The ex-
perimental properties of Tm™*-doped glassy CMCs are utilized to calculate and predict the physical and spectroscopic
properties, such as density, refractive index, effective linewidth, absorption/emission cross-sections, radiation life-
time, etc. , of germanate laser glass by utilizing the leverage rule. The results illustrate that the predicted physical
and spectroscopic properties are in good agreement with the experimental values, with the maximum absolute errors
of less than 4. 61% and 9. 66% , respectively. Moreover, the phase diagram approach can capture the trends of physi-
cal and spectroscopic properties as a function of composition, including the linearly or germanate-anomaly composi-
tional dependence, which provides an opportunity to decipher the composition-structure-property relationships of la-

ser glass. This study is expected to shed light on the property prediction and composition design of laser glass.
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Fig.1 Schematic diagram of the binary system containing
congruently melting compounds and non-congruently

melting compounds
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Tab. 1  The preparation conditions of the glass
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& \ESC BFE/min JREE/C i 1] /h
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K,0-GeO, 1 400 30 400 2
Ca0-GeO, 1 500 30 400 2
Ba0-GeO, 1 500 30 400 2
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Fig.2 The phase diagrams along with the glass-forming regions (GFRs) of Na,0-Ge0,"" (a) , K,0-Ge0,"™ (b), Ca0-Ge0,"
(¢), and BaO-Ge0,™ (d) binary systems. The CMCs are indicated by red solid lines.
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Tab.2 The composition, density and refractive index of the Tm**-doped glass with related CMC compositions
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Fig.3 Composition dependence of calculated and experimental results of density (a) and refractive index(b) of Tm**-doped bina-

ry germanate glass systems. The solid and hollow symbols represent the calculated and experimental values, respectively.
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Fig.4 Absorption(a) and emission(h) spectra of Tm**-doped glass with related CMC compositions

*3

BTm"—BUERL YRR 2B 'F, > H KT (~1. 8 pm ) B EERIEER

Tab.3  The experimental spectroscopic properties of the *F,—’H, transition(~1. 8 wm) originated from Tm*'-doped glass with re-

lated CMC compositions

BT AL/ o/ o/ iy o XA Qy Q) Q
2K nm (10 em®) (107 em?) s (107 em®) (107 em?®) (107 ¢m®) (107 em?)
Ag 228.72° 0. 47" 0.72" 3 066" 16. 47" 7.57" 1. 46" 1.45"
. 222.09 0.26 0.49 4677 10. 88 5.68 0.48 0.71
Cg 201. 56 0.17 0.37 7153 7. 46 4.26 0.25 0. 46
D, 226. 16 0.34 0.57 4062 12. 89 7.35 0.03 1. 04
E 198. 08 0.16 0.43 6211 8.52 4.77 0.22 0. 63
Fg 178. 81" 0.12° 0. 46" 6 838" 8.17° 4.74° 0.11° 0. 87"
Gg 246. 83 0.39 0.53 3941 13.08 6.01 1.05 1.13
H 248.55 0.33 0. 44 4565 10. 94 5.05 0. 88 1. 00
Ig 249. 64 0.30 0.40 5063 9.99 4. 64 0.63 0.98
Jg 242.59 0.32 0.53 3860 12. 86 6.17 0. 81 0.92
K 246.96 0.27 0.38 5082 9.38 4.20 0.13 0. 66
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Fig.5 Composition dependence of calculated and experimental results of the effective linewidth (a), radiative lifetime(h), ab-

sorption(c¢) and emission cross-sections(d) for Tm™-doped binary germanate glass systems. The solid and hollow symbols

represent the calculated and experimental values, respectively.
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