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Abstract: Aiming at the bottleneck of low gain and narrow bandwidth of traditional erbium-doped laser glasses in
the C-band (1 530-1 565 nm) for optical communication, we designed erbium-doped calcium borosilicate (Er:

CBS) laser glasses with Er** doping atom fraction ranging from 2.26% to 10.55% by adopting high-temperature
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melting-quenching-annealing combined method. Through characterization techniques including X-ray diffraction
(XRD) , Raman spectroscopy, ultraviolet/visible/near-infrared (UV/Vis/NIR) absorption spectroscopy and steady-
state/transient fluorescence spectroscopy, the regulation laws of Ex** doping concentration on the glass’ s microstruc-
ture and spectral properties were investigated. The results show that all Er: CBS glasses maintain a stable amorphous
structure. The maximum phonon energy of 2.26% Er: CBS is 1 067 cm™', while that of 4. 44%-10.55% Er: CBS
glass is 816 ¢cm™, both lower than that of phosphate glass (1 200-1 350 cm™). As the Er'* doping concentration in-
creases from 2.26% to 10.55%, the emission cross-section of Er: CBS glass near 1 535 nm increases from 4. 44X
107 em® to 6.32x10™ em?, the full width at half maximum (FWHM) of fluorescence rises from 50 nm to 70 nm,
and the gain bandwidth (g .n* FWHM) increases from 222x107 ¢cm®*nm to 442x107° em’+nm. Although the fluores-
cence lifetime decreases from 1. 17 ms to 0. 62 ms, the figure of merit (o .y * 7) remains in the range of (3.92-
5.19) x10™ em’+ms. These findings indicate that Er: CBS laser glasses with Exr** doping concentrations of 2. 26%-

10. 55% is potential in the field of C-band power amplification.

Keywords: laser glass; erbium ion (Er'*); calcium borosilicate glass; emission cross section; gain bandwidth; fluo-

rescence lifetime
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Tab. 1 Density p of Er: CBS, ions per unit volume N of Er**
and molar volume V, at different Er’”* dopant concen-

tration

C.(at)/% N/(10*ion-cm™) p/(g-cm™) V. /(em’+mol™)

2.26 2.84 2.89 23.21
4.44 5.68 2.97 24.95
6.54 8.43 3.01 26. 87
10. 55 13.99 3.15 29.78
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Fig.6  Emission cross section in 2.26%-10.55% Er: CBS glass: (a)around 1 440-1 630 nm; (b)at typical wavelength of 1 498 nm,

1534 nm, 1546 nm, 1 557 nm and 1 610 nm
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Tab. 3  Optical parameters of 2. 26%—10. 55% erbium-doped glasses

7/ o, (1535)/ o/ FWHM/ o, -FWHM/
Glass sample Reference
ms (107 ¢m?) (10 ¢m?-ms) nm (107 ¢m?-nm)
2.26% Er:CBS 1.17 4.44 5.19 50 222 This work
4.44% Er: CBS 1. 11 4.39 4.87 55 241 This work
6.54% Er: CBS 0.94 4.49 4.22 61 274 This work
10. 55% Er: CBS 0.62 6.32 3.92 70 442 This work
Borate — 1.49 — 70 103.8 [28]
Phosphate 0.87 0. 60 0.52 34 20.4 [29]
Silicate — 0. 68 — 88 59.8 [30]
Flurotellurite 8.20 0.78 6. 40 69 53.6 [31]
Tellurite 3.21 0.90 2.90 78 70.3 [32]
Bisuthate 2.85 0.98 2.79 78 76. 4 [33]
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Fig.7 Schematic diagram of energy level transition of Er'* in

Er: CBS matrix
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