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Numerical Study on Power Limit of Hundred-Nanosecond
Single-Frequency Pulsed Fiber Lasers

Zhang Hanwei Zhou Pu Wang Xiaolin Xu Xiaojun

(College of Optoelectronic Science and Engineering, National University of Defense Technology

Changsha . Hunan 410073, China)

Abstract A model of power limit of hundred-nanosecond single-frequency pulsed fiber lasers established, by which
the maximum extractable power of ytterbium-doped silica fiber and phosphate fiber are analysed. Numerical results
show that the power of Yb’*" -doped silica fiber sources is limited by pump brightness, lens effect and stimulated
Brillouin scattering (SBS), while, for Yb*" -doped phosphate fiber sources, melt of the core is also included. On the
aspect of maximum extractable power of single-frequency pulsed laser, phosphate fiber is better than silica fiber.
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Table 1 Typical parameters of Yb’" -doped phosphate/silica fiber laser

Parameter Symbol Yb*" -doped phosphate ~ Yb*" -doped silica
Rupture /(W/m) R, 70 430001
Thermal conductive /[ W/(mK) | k 0.49 1. 38
Convective film coefficient /[ W/(m*K) | h 10* 10*
Melt temperature /K T, 723 1983
Change in index with temperature /(1/K) dn/dT —5.1Xx107° 1.2X107°
Brillion gain coefficient /(m/W) a3 2.5X10°" 5X1071"
Small signal pump absorption /dB A 20 20
Assumed laser gain G 10 10
Ratio of mode field radius and core radius r 0.8 0.8
Optical damage limit /[ W/um” ] Ljamage 800 4750
Coolant temperature /K T. 300 300
Pump brightness limit /[ W/(pm®Sr) ] Loump 0.1 0.1
Core absorption /(dB/m) Qeore 3750 250
Laser efficiency Phaser 0. 86 0. 85
Heat fraction Fhear 0.1 0.1
Cladding NA NA 0. 64 0.45
Wavelength of laser /pm A 1.03 1.078
Refractive index n, 1. 560601 1. 45
Nonlinear refractive index /(m*/W) ny 3.2 10 %07 3.2X10°%
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Fig. 1 Limit of extractable power of Yb*" -doped
single-frequency pulsed silica fiber laser
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Fig. 2 Relation between average output power of Yb''-
doped single-frequency pulsed silica fiber laser
and radius of core
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Fig. 3 (a) Maximum output average power and (b) peak power of Yb*" -doped single-frequency pulsed silica fiber

laser under different pulse duty cycles
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Fig. 4 Limit factors of extractable power of Yb*" -doped

single-frequency pulsed phosphate fiber laser
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Fig. 6 (a) Maximum output average power and (b) peak power of Yb*" -doped single-frequency

pulsed silica fiber laser under different pulse duty cycles
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