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Numerical simulation of a 3.5 pm Er : ZBLAN fiber
laser and amplifier

REN Guo-chuan,YAO Chuan-fei, LI Ping-xue
(Institute of Ultrashort Pulsed Laser and Application, School of Physics and Optoelectronic Engineering,

Beijing University of Technology, Beijing 100124 , China)

Abstract ; This paper establishes the theoretical model of 3. 5 pm-Er : ZBALN fiber laser and fiber amplifier using du-
al-wavelength pumping (DWP) technology. The kinetic behavior of the energy level particle number for the laser os-
cillator and amplifier and the laser power distribution along the fiber length under different fiber parameters are inves-
tigated. The effects of fiber length,output reflectivity ,and erbium-doping concentration on the 3.5 wm laser power are
calculated and analyzed. The results show that an optimal range of fiber length and output reflectivity. High erbium-
doped fibers require only a lower 976 nm pump power compared to low erbium-doping to achieve an effective 3. 5 um
laser output. The cross-relaxation process of high doped concentration prevents the quenching behavior. Simulations a-
chieve an efficient amplification of the 3. 5 pm fiber laser. The numerical simulation results are instructive for the 3. 5
pm laser oscillator parameter design and high power amplification.

Keywords : dual-wavelength pumping;3. 5 pwm laser amplification ; cross relaxation
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Tab. 1 Lifetime and fluorescence branching ratio

of each energy level

Parameters Value
7,/ ms 9.9
7,/ ms 7.9
T3/ s 8.0
T4/ ps 177.0
6/ s 5.0
Bro 1.0
Ba1 5B 0.182,0.818
B2 ,B31 5830 0.999,0,0. 001
Bz +Baz »Bar »Bao 0. 808,0. 008,0. 009,0. 175
Bsa »Bs3 »Bsa sBs1 sBso 0.285,0.029,0.014,0. 193,0.479
Bes +Bso 0.990,0. 010
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Tab.2 Variable spectral and fiber parameters

Parameters Value
0/ ( x107%m?) 3.77
0/ ( X107 m?) 1. 64
06/ ( X107 m?) 26.4
o6/ ( X107 m?) 31.9
036/ ( X107 m?) 2.1
020/ ( x107%m?) 30
o/ ( X107 m?) 37.5
o4/ ( x107m?) 0.7
05,/ ( x107m?) 9.0
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concentrations fibers

Er* * mol. %

1 1.25 | 1.7 4 5 8.75

Wi/ ( x1072m’S™ )| 1.3 | 1.3 | 1.4 | 2.2 | 2.8 | 6.7

Wee/( x10 2m?S~")0.16 | 0.2 | 0.3 | 0.8 | 1.0 | 1.9

Wisi/( x10 " 2m®S™ 1) | 2.3 [2.4% | 2.5 | 3.1 |3.4% | 4.3°

Weps/( x10 7 2m*S~1)10.48 | 0.6 | 0.8 | 1.9 | 2.4 | 3.3

5/ s 320 | 280 | 210 | 100 | 52 17
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