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Key words

The mid-infrared laser has the important application value and broad development prospects in military
luminescence emission from the rare earth ions in chalcogenide glass fiber, it is an effective way to directly obtain

sensing range, environmental monitoring, atmospheric communication, biotechnology, medical, processing, and
other fields because of its spectral coverage over many characteristic lines of molecular absorption.

mid-infrared lasing in the region of 3-5 pm. The latest progress of rare earth ions doped chalcogenide fibers and the
mid-infrared chalcogenide glass fibers are prospected.
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main doping problems of chalcogenide fibers are reviewed, the current challenges in the development of mid-infrared
materials; chalcogenide glass fiber; rare-earth doping; mid-infrared laser

chalcogenide glass fiber are discussed, and the research directions and development trends of the rare earth doped
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Fig. 1 Comparison among fluorescence spectra in different glass substrates
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Table 1 Characteristics of mid-infrared fluorescence transitions in different rare earth ions
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Intensi

Stimulated
Pump Emission Spontaneous Laser quality
o Branching  emission Lifetime /
Dopant Transition wavelength / wavelength / emission ) factor / Ref.
ratio /% cross section / ms N ]
pm pm coefficient /s . , (10 % cm®*s)
(107 ecm?)
SH;—~>*H, 4.815 54.5 100 8.56 18.34 156.99
Pr’” SHe—*H; 2.020 4.619 66.8 45.50 8.89 14.97 133.08 [12]
SF,—>H; 3.537 139.5 12.60 6.39 7.17 45.82
) o>t 4.530 8.0 0.80 0.88 125.00 110.00
Er*t 0.804 [13]
"Fopp—>"1y 3.452
. Ti—>°1, 2.815 104.0 17.40 1.93 9.62 18.57
Ho** 0.900 [14]
I 3.867 43.0 10.50 2.84 23.25 66.03
"F,~>"F; 7.500 169.5 8.76 7.59 5.90 44.78
Th** _ 2.950 [15]
"Fs—>"F; 5.010 84.7 - 10.80 11.80 127.44
Tm®"  *H;—>°F, 0.800 3.800 32.0 0.04 1.97 31.25 61.56 [16]
. "Hie > Hispe 4.380 29.8 9.30 3.24 33.50 108.54
Dy*" \ 0.810 [17]
SHyy,—>Hys), 2.860 113.8 100 2.25 8.79 19.78

3 WA L BAOCL Kotk ARG

NN L5 A % SR 4B 2= BE 1 NG &5 B Y n) B, X BRR E E A HLAB AR BE T BRI Y AsS.
GeAsGaS(Se) .GeGaS il R PG I /0 AT T KA M ST . Ohishi 5 TN K H T Pr't 844 As, S, 435
AR NI 2T 1.31 pem SEEF ORI AZ R AR AEFE e K 1.0 pem B (451 FE 4 0.48 dB/m., 75
BOREWAR A 1.31 pm B AHFEN 0.17 dB/m. Mori %7 7E Nd'" : GeAsGaSbS/GeAsS £F it /AL Z 4T H g Ik

020003-3



54, 020003(2017) BHSNBEIZHE www.opticsjournal.net

WL T 1,083 pom PR AR FDEEHOCBR iz P30 180 mW I L iR KNS 45 4 6.8 dB. Samson -
O T TAERK 9 1080 nm, L) 850 nm Bk AT HOLAR B IEAY Nd' ' : GaLaS JELFHOLAS .

Wil R 45 20 4T © AR T 21 A BOR TR G £ R O 1 78 vh 20 S Be i F 5% 2 AR P AL £ 9 e
WL TGO ST A 38 . Schweizer U F 8 Er' ) 70Ga, S, : 30La, S, (70 % .30 % 43 %
$5 X L 4L 43 (9 T O BO B R OCEF LT 3.6 pm BB TP ZLSM SO . Shaw S4B PrYT R ROL
LR 3.5 ~5.5 pm ZLAM G R BT Hh R FH B T L0 AN S0 B R G . Moizan N R T S E0CK
1X10 1 Er*" $82% GeGaSbS BB il 9L LF 5L T 4.5 pm WIS EH H . Sojka ™I HFSE T 1524 Pri’
) GeAsGaSe & £ 45 14 B 5206 £F 1Y th 20 4b 28 6 J S8 4 P, JF 76 1550 nm WOtz MM T 3RS T
3.5~5.5 pmHLLAMNE B BT . Tan FUVHGE T Pr'” 8% GeAsGaSe W4T 7E 3.5~5.5 pm W BLAL Y
LA ORI . Hu S5 HGE T Pr't 824 GeAsGaSe YG£F U R K5, 5L T 4.0,4.5,5.0 pm 55 196
CERCRE s R 2 pm S S U 2L 4.5 pm P B RS O /M5 SO R AL RO IB B 45 06 s HUBUR LB R GE
I ONGES &Y ON R D i g U A

(a)¥ Pr’*-doped ﬁbercoupler 10° (c) wavelength of incident signal:
output gy L
input 102
wavelength: 4.5 pm *

i
pump z
= wavelength: 2 ym 8 104
> () 2
[=1 =
10*6;
;?2: 30 E
©20 10°%
5 | | 3.0 6.0
AY40 42 44 46 48 5.0 O warvelengfih

Output wavelength /um

Bl 2 (a) Pr'" BRI AL MR RGE R B (W H AR R 4.0~5.0 pm BIRFRIE; (o AR 3K 2 565 e
Fig. 2 (a) Schematic diagram of Pr*" -doped chalcogenide glass fiber amplifier; (b) variation of

slope efficiency with output wavelength of 4.0-5.0 pm; (c) fluorescence spectra at different output wavelengths
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Table 2 Reported data of mid-infrared emission of rare earth ions doped chalcogenide fibers

Rare earth

Rare ) Transition Output
ions mass Life time /
Host glass earth ) temperature / wavelength / Comment Ref.
fraction / ms
ions i C pm
107°
GeAsGaSe Prt 1000 4.0/4.5/5.0 Amplifier [8]
i ~ Emission
Gess Gas Asis Sesi s Pr*’ 500 226 3.50-6.00 7.80 [25]
spectrum
1.20 0.68
i Emission
Gao.s Asso2 Seo Tm*" 10000 193 1.40 0.12 [26]
spectrum
1.80
, B Fiber loss
GeAsInSe Pré 500 3.50—6.00 [27]
spectrum
i 1.70 0.27 Absorption
GeGaAsSe Pr" 500 [23]
4.50—5.00 11.50 emission
) 500 10.10 Emission
GeAsInSe Pr’* 4.70 [28]
1000 9.00 spectrum
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gLk 2
Rare earth
Rare . Transition Output
ions mass Life time /
Host glass earth ) temperature / wavelength / Comment Ref.
fraction / ms
ions » T pm
107°
i i Dy*" 500—10000 4.20—4.50 Emission
Gez Gas Sbyo Ses 2.30 [29]
Pr’’ 500—10000 3.50—15.50 spectrum
Dy’ " 1000—2000 4.60 2.20
Emission
Geys.5 Gas Asis Sesn s Pr*t 500—1500 4.89 2.70 [30]
‘ spectrum
Th** 500—1500 7.50 5.90
GeGaAsSe Dy* 3X10"" 4.60 Modeling  [31]
Gas Geso Sbyo Ses Er’t 10000 4,50—4.65 Modeling [32]
GeGaAsSe Dy* 7X10Y /em ™ 4.20—4.70 Modeling  [33]
. Emission
Ga; Geyo Sbhyy Sgs Er'™ 1000 300 4.50 0.72 [13]
spectrum
Pr’* 200 Fiber loss
GeGaAsSe ] [34]
Dy’ 200 spectrum
‘ Fiber loss
Selenide Dy*" About 4.50 [35]
spectrum
) Emission
Selenide Prit 750 3.50—5.50 [36]
spectrum
Emission
70Ga; S; :30La, S; (O3) Er* 1.57% " " 3.62/4.53 0.10/0.59 [37]
spectrum

“ means ion concentration, ** means mole {raction
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