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Abstract: Mid-infrared (MIR) lasers, owing to their high beam quality and super robustness, are widely used in
fields from surgery, environmental monitoring, and material processing to laser radar. However, their development
is greatly limited by the lack of optical gain materials with both high rare earth doping content and excellent mechani-
cal resistibility. Here, highly Er'*-doped Ga,S;-La,S;-Na,S; chalcogenide glasses (ChGs) up to 10% in Er,S; concen-
tration are obtained. The resulting glass shows high glass transition temperature (492 °C) and large Vickers hardness
(3.37 GPa), which is substantially greater than those of other ChGs. The intensity of 2. 7 wm emission drastically
increases with increasing Er’* content and reaches a maximum at 7. 5% Er,S;. Moreover, the absorption and emis-
sion cross-section at 2.7 wm are 10.6x107" c¢m’ and 15.7%107" em® at 7.5% En,S;, respectively. The above
research results provide a straightforward and effective strategy for the development of high gain rare earth doped MIR

laser materials.
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Fig.1  (a)XRD patterns and (b)normalized Raman spectra of the glass samples with different Er'* doping concentrations
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Fig.2 (a)DSC curves and (b) Vickers hardness of the glass samples with different Er’* doping concentrations. (¢)Comparison of

Vickers hardness and T, between the 10% Er,S;-doped sample and typical chalcogenide glasses

(a) (b)
", — 0.5% Ex — 0.5% Er
— 1% Ex 80F — 1% Ex
— 7.5% Ex
5 — 10% Er S 60
3 g
B (i F, :1 . g
<o 92 & 132 S
£ s, T, Ly, =
< - NN £ 40
(=] S
2 —— A s
= =
20f
\
-
500 1000 1500 2000
A/nm Alpm

B3 R Er' 4522 i B AL & (1 (o) OGS A (b) 21403 3 6 38 550 i R
Fig.3 (a) Absorption spectra and (b) infrared transmission spectra of the glass samples with different Er'* doping concentra-

tions. The inset in Fig.(b) shows the photographs of the glass samples
BB R B R L AR R E R A B M BE R X AR MR B8R, HL Er—S  AY L A0 M R A Bl
SRR T A v R DU BB RGN A MR SE R s QR BB Ak AR T O Y. M EnS, B 4R EE UK
QS HON R W FE TR RIERFAE . R UILRTA 588 7.5% B, 1, B8 90 48 51 8K 3F 3 % A,
[F] Ex 45 22 e B2 17 J-0 58 B S50 L0 B 9000 5 5 (67 s7") F Ly 41,5, BRI 9 26 53 3L 1 B(17%)
BR AT DA M o4, BRAT B 26 . B BIRKE. BR IS L HBE AT 1,
BE % Er,S; & AU 1S AN, 2, A 10. 24x107° em® 14 Jin il 0t 5 e Ak 0 A ORI, AT 4 2. 7 pum v 2T
% 10. 64x107° em®, 2 W B J& Bl (9 J5 380 e 137 34 AR5



440 % Jt 2% Eivd %475
F£1 FARAECrBLAREHREERSNI-OBESH, ', ARNESKITERA T, L, KEX XS I LMIFH R

Tab. 1 J-O intensity parameters (Qz, 0,, Qé) , radiative transition rate (Amd) from the 4Imz level, branching ratio (B) for the
T,,,—"1,,, transition, and refractive index (n) of the glass samples with different Er’* doping concentrations
0,/ 0,/ 0,/ A ls7 Bl%
) (10 em®) (10 em®) (107 em?) L1, L, "
0.5 10. 24+0. 41 4.66+0. 11 0.24+0. 1 65 15 2.15
1 10. 30+0. 33 4.50+0. 13 0.23+0. 1 66 15 2.16
2.5 10. 46+0. 31 4.24+0. 06 0.86+0. 1 66 16 2.17
5 10. 52+0. 42 3.67+0.22 0. 82+0. 1 66 16 2.18
7.5 10. 54+0. 33 3.28+0. 21 0.24+0.2 67 17 2.19
10 10. 64+0. 31 3.59+0. 16 0.32+0. 1 67 17 2.20
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Fig.4

(a)2.7 wm mid-infrared emission spectra and (b)fluorescence decay curves of the glass samples with different Er’* dop-

ing concentrations. (¢) Absorption cross section and emission cross section, and (d) gain cross section at 2.7 pm for the

glass sample doped with 7.5% Er,S;
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