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A Single-Mode Infrared Fiber Laser Based on Sodium-Boron-
Aluminosilicate Glass Doped with PbSe Quantum Dots

Cheng Cheng Zhao Zhiyuan
(Institute of Intelligent Optoelectronic Technology, Zhejiang University of Technology ,
Hangzhow . Zhejiang 310023, China)

Abstract A single mode infrared (IR) fiber laser using PbSe quantum dots as active medium is proposed according to
the observed transmission electron microscope (TEM) images, absorption and emission spectra of the sodium-boron-
aluminosilicate glass doped with PbSe quantum dots prepared before. The rate equations and lasing oscillation
equation in a resonator are solved numerically. The optimal pumping wavelength, fiber length, doping concentration
and reflectance of output mirror are obtained by using genetic algorithm. There is evidence that the quantum dots
fiber laser (QDFL) possesses the saturated pumping power of 2 W, the maximum output of 1.36 W for 1676 nm
lasing wavelength. and the pumping efficiency of 68% . Compared with the conventional fiber lasers that are doped
with rare earth ions (e. g. Yb’'", Er’" ), QDFL has characteristics of high pumping efficiency, low exciting
threshold, adjustable doping density, and short saturated fiber length. The proposed QDFL can be developed into a
novel multi-wavelength and wavelength-tunable laser due to lasing wavelength depending on the size of quantum dots.
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Fig. 1 TEM image of PbSe quantum dots glass with heat-treatment temperature at (a) 550 C and (b) 600 C
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Fig. 2 Absorption and emission spectra of the PbSe quantum dots after heating treatment at (a) 550 ‘C and (b) 600 C,

the insets are the normalized absorption and emission spectra, respectively
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Fig. 3 Energy-level diagram of PbSe quantum dots
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Table 2 Parameter involved in the optimized simulation

Parameter Value
Pump wavelength /nm 1064
Pumping absorption cross section ¢,.p/m*  3.54X10 %
Pumping emission cross section g..p/m’ 1.20X10 %
Lifetime 7 /ns 300
Radius of single-mode fiber core a /pm 4.1
Background loss (for pump) ap/m™' 3X107°
Laser wavelength A, /nm 1676
Reflectivity of former cavity mirror R, 0.98
Pump coupling factor I'p 0.1
Laser coupling factor Iy, 0.76
L strorton e s 2 o
Laser emission cross section 331101

6e,1./m* (A=1676 nm)

Notes: the calculation of coupling factor is shown in

appendix.
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Table 3 Searching range of parameter to be optimized

Parameter Value
Pump wavelength Ap/nm 900~1600
Doping concentration N /m™? 1X10"~1X10*
Fiber length L /m 0.1~10
Reflectivity of outgoing mirror R, 0.1~1.0
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Table 4 Parameters of the optimized QDFL

Parameter Value
AL/nm 1676
A,/nm 1556
N /m* 9. 54X 10%
L /m 0.411
R, 0.100
P,.(QDFL)/W 1. 36
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