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Fig. 1. Partial energy level transition diagram of Dy**: (a) 1320 nm pumping; (b) 1730 nm pumping.
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Fig. 2. Absorption spectrum and fluorescence emission spec-
trum of Dy**, Nat:PbGa,S, crystal®: (a) Absorption spec-
trum range from 500 to 3000 nm; (b) fluorescence emission

spectrum range from 3500 to 5500 nm.
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%2 Dy*, Na®:PbGa,S, HOLARDLIESH 17252050
Table 2.  Spectral parameters of Dy**, Nat:PbGayS,[1723:26:30],
Parameter Value Unit Parameter Value Unit

Ap1 1320 nm apil 0.299 cm
Ap2 1730 nm ap2 0.893 em’!
As 4325 nm T4 0.266 ms
AL 2875 nm T3 2.697 ms
014 8.17x10% cm 2 T2 6.092 ms
o041 8.71x10°% cm? Wy 430 st
013 6.87x10 2 cm 2 Wi, 40 g1
031 7.23x10% cm 2 Way 320 5!
012 6.30x10°2 cm 2 Woy 164 g1
021 7.97x10°2 cm? My 3000 st
023 5.27x102 cm 2 Ms, 36 st
032 9.00x10 cm? Rgy 0.99

Ag 1x10°6 cm? Rgs 0.95

f 400 mm Ry 0.99

L 17 mim RIQ 0.96

N 1.26x10% m? Rp, 0.99

[ 0.2 cm! Rp, 0.99

120 400
| () Pump@1320 nm (b) Pump@1730 nm

% 100 Py, = 4000 mW % 350 - Pr. = 4000 mW
= =300+

£ sol :

2 P = 3000 mW 2 250} P = 3000 mW

B 60} 2 200}
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o ° 150t P, = 2000 mW
R g
2 P, =1000 mW .S 100 F
T 20} i Py, = 1000 mW
o | A 50
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Theoretical study of Dy3*, Na*: PbGa,S, mid-infrared
laser based on experimental parameters”
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Abstract

According to the absorption spectra of Dy**, Na*: PbGa,S, crystal elements, as well as the theoretical
calculations obtained from Judd-Ofelt analysis, we derive partial fluorescence absorption and emission cross
sections. For energy levels that cannot be directly measured, we employ the reciprocal method to calculate their
respective absorption cross-section and emission cross-section. Combing the experimental measurements and the
calculation results, the experimental setup, which can generate a 4.3-pm mid-infrared laser through directly
pumping dysprosium and Dy**, Nat: PbGa,S, crystals by 1.3 pm and 1.7 pm diode lasers, is investigated
through numerical simulation. The spatial distributions of laser power, gain coefficient, and absorption
coefficient within the crystal are obtained through numerical calculation. Furthermore, the effects of pumping
power, crystal length, and output mirror reflectance on laser performance are analyzed. In this model, a 2.9-pm
laser oscillation is introduced in the optical path and the changes of output power before and after introduction
are observed. Our results demonstrate that the introduction of 2.9-upm laser oscillation effectively facilitates the
particle number transfer from the Hys), level to the ground state °Hys /5, thereby reducing the self-terminating
phenomenon during the transition between the SHy, /2 and s I /2 levels, and enhancing both output power and
slope efficiency of the laser system. Numerical results indicate that maximum power output for the 1.3pm diode
laser pumping is achieved at 103 mW with a pumping threshold of 12 mW and a slope efficiency of 2.8%, while
for the 1.7-um diode laser pumping, the power output reaches up to 315 mW with a pumping threshold of 46
mW and a slope efficiency of 8%. Additionally, the calculation results show that the optimal crystal length is 17
mm for the 1.3 pm diode laser pumping, and 32 mm for the 1.7 pm diode laser pumping. Finally, the best
reflectance value for the output mirror is 0.92. These numerical results are of great significance for guiding the

crystal processing and the selection of optical path structure parameters.

Keywords: mid-infrared laser, theoretical modeling, PbGa,S, crystal
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