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3~5 pm Luminescence of Dy*’-Doped Ga-Sb-S Chalcogenide Glasses
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Abstract Novel Ga-Sb-S chalcogenide glasses doped with Dy’ ions are synthesized. Their thermal stability,
optical property, structure and mid-infrared (MIR) emission property are studied. The glass thermal stability
against crystallization is significantly improved by slightly adjusting the glass composition, and therefore the
fibers with good optical quality are drawn. The Dy’ - doped Ga— Sb—S glasses show good thermal stability,
excellent infrared transparency, low phonon energy, and intense emissions around 2.95, 3.59, 4.17 and 4.40 pm.
The substitution of a small amount of Sb with As reduces the crystallization tendency of the glass during the
fiber drawing without making remarkable effects on the emission property. Spectral analyses indicate that the
quantum efficiencies of the 2.95 um and 4.17 pm emissions of Dy’" ion in the Ga—Sb-S glass are 88.1% and
75.9%, respectively; and the respective stimulated emission cross sections are 1.1x10™* c¢m® and 0.38x10™* cm”.
The high quantum efficiencies and large stimulated emission cross sections of the MIR emissions in the Dy’ -
doped Ga-Sb-S glasses make them promising gain materials for the MIR lasers.
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Table 1 Characteristic temperatures of Gas.Sh»SeDy. glasses

T, (+1°C) T, (£1°C) T~T, (C)
0 239 357 116
0.1 243 345 102
0.2 245 346 101
0.4 246 349 103
0.6 248 360 112
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Fig.l Transmission spectra of Dy''—~doped Gas.Sh:,S¢Dy. glasses in the (a) 500~3300 nm range and
(b) 3.3~15 pm region (the thickness is 2 mm)
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Fig.2 Energy levels of Dy* ions and related transitions
B3 & Dy " B4« fE S 2040 & 0% . AN T DU 4 A B S 00 28 s, s 4 B 4 B
2.95.3.59 . 4.17 F1 4.40 pmo H12.95F14.40 pm 206 20 R T *Hise > Hise A1 Hin— Hisn BRI o SR AR 4
BRAT 119 SCHR 72 RHR ME 6 5 3.59 F14.17 pm 28 W19 T JE | 3X 26 58 R W 7E Dy 45 2% [ 4 & S 4 e} i1 iF 5% rh bk
Z L 1" AR 35 A AR i AN IR SR 5 B PR RS . A TR B RE S V AR AE L 3.59 T 4.1 7 wm 5O I
A5 VA F *Hyn—V Vo Hisn BRAE (WL 2), 3% 5 138 Dy 8 24 FF S 7 4.1 pom W2 0508 B 19 28 A R AH —
o B3 LA H, Dy " $8 24 BE R 43 BN 0.2% I FE S B i 19 &0 s B 2R B8N, B F 300 B 1
B D, BGRB8 vk B R i, P T R R K RN [26], K O R U
4 WIR T BIEEIR A KON 0.2%FF il 19 2.95 F1 4.40 wm 2 6 T2 i 28, 3 i 2048 Bl & 318 i e e &
fr o R 3.6 Al 1.4 mso R AR 5 ¥ 45 2009 3.59 wm %L FF A 1.4 mse 3.59 Fl 4.4 wm 5¢ 56 5 AT A 7] (4 52
I 75 A, 2% BB AT N A9 BR A A 1% HL AT AR [RGB 2, PRt ] DA 3.59 wm U ERGE BB R “Hin, X HZ
R 9 3.59 pm & 55 09 19 & 41— 2
P S 45 T 35 BT Ak 0 3% 35 GagShaSeo A EL B )12 BF 53 1 6 AL 4 BE B8 GensGanoSes U P 261 o T & R
F— AN WEAE AL T 306 em™ 1Y FEHEHF AL 5 T S:Ga—GaS; (~265 em™) K LB 45 BT | [GaS.] (~342 em )3
TOU A5, DU ] A< 55 44) BT VR [ShSs] (~305 em™) = A HESS # BT AR B o JE B AT 0 R T AN IR BB 2 0 Sy
BN R T S:Ga—GaSs (~265 em™)JE Z ke 45 H B IT | [Ge(Ga)S.] (~308.342.390.425 em™")3k Th &5 DU 1 {4 45 #4 24

0806001-3



1.0 —x=0.1
----- 2=0.2
~08
=
&
> 0.6}
£ 04}
g

=
o
T

(=]

2800 3200 3600 4000 4400 0% 3 6 9 1z 15
Wavelength /mm Time /ms
3 Dy "#874% Gay..ShuSwDy. B S 7E 1.32 pum #EHE T 11 4 GarsShanSeDye. B B Y 2.95 wm 1 4.40 wm 945
LREARU S TEU I £
Fig.3 Mid—infrared emissions of Dy *—doped Gas-.Sh:SqDy. Fig.4 2.95 pm and 4.40 pm fluorescence decay curves of
glasses when pumped at 1.32 pm GarsShSeDyo. glass
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Fig.5 Raman spectra of GasShxSe and Gex;sGaioSes glasses
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Table 2 Radiative parameters of Dy’ ions in different host glasses. A is wavelength, n is refractive index; 8 is fluorescence branch

ratio; 7. is radiative lifetime of the upper level for the transition; 7.,.. is measured fluorescence lifetime; 7 is quantum efficiency; and
0 .. 1s stimulated emission cross section
Host glass Transition A /pm n B 1% Tt /M Toea /M8 n 1% 0./107 cm’ Reference
‘Hi—Hisn 4.40 2.69 14 |87 1.42 5.9 0.38 This work
GaShS —Hisn 1.79 2.75 86 1.44 0.48 This work
*Hise—Hisn 2.95 2.72 100 4.11 3.62 88.1 1.11 This work
‘Hyp—"Hisn 4.40 2.08 14.4 1.31 0.36 This work
GeGaS —Hisp 1.79 2.12 85.6 1 1.32 4 0.47 This work
‘Hize—Hisn 2.95 2.10 100 6.99 3.53 50.5 0.86 This work
“Hir—Hisn 4.27 - 14 2.53 1.3 51.4 - [36]
Gal.aS . .
Hi—"Hisn 2.83 24 100 6.29 3.6 57.2 0.92 [36]

"This value is recalculated without taking B into account.
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