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Novel Suppression Method Study for Stimulated Brillouin Scattering
by Simultaneous Phase and Intensity Modulation in Fiber Amplifiers
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Abstract In high power fiber amplifier system, stimulated Brillouin scattering (SBS) becomes the primary
limiting factor to achieve high power because of its relatively lower threshold. In order to improve SBS
threshold, a new method to suppress SBS is presencted, which needs to modulate the incident seed laser both
in phase and intensity. A model of SBS dynamics to numerically simulate the SBS threshold is established after
using this method. The simulation results show that this method using phase modulation and intensity
modulation simultaneously can greatly enhance SBS threshold under the condition of narrow linewidth output.
When 20 W seed laser is put into a fiber amplifier system after phase modulation of 100 MHz, 10 V and intensity
modulation of 10 MHz, 4 ns, the output power of fiber amplifier can reach 1127.4 W, which is 18 times of that of
the SBS threshold for single frequency laser.
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Table 1 SBS simulation parameter settings

Value Description Value Description
A, /nm 1064.0 Signal wavelength Ap /nm 1064.1 Stokes wavelength
Moo s 1.4509 Core refractive index of signal Nl 1.4496 Clad refractive index of signal
Teo 8 1.4509 Core refractive index of Stokes Nap 1.4496 Clad refractive index of Stokes
Va_eo /(m/s) 5904.3 Acoustic speed of core va_a /(m/s) 5944 Acoustic speed of clad
Acousto—optic effective 2.6543x
F., /10 6.1197 At/ m’ Effective mode area
overlap factor 107
Iryx107 7 Acoustic impedance coefficient K/o™® 1.38 Boltzmann constant
To /K 293K Temperature Ve 0.902 Electrostrictive constant
po /(kg/m®) 2210 Fiber density n /(m*/W) 2.6x107 Nonlinear—index coefficient
Ty /ns 5 Phonon lifetime n, 1.415 Refractive index of pump
o, /(dB/km) 2.1 Attenuation of pump o, /(dB/km) 15 Attenuation of signal
I, 0.0025 Overlap factor of pump I. 1 Overlap factor of signal
1.5 dB 7.8189x%
B Absorption coefficient N /m’ Doping concentration of Yb*
(976 nm) 107
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Fig.2 Output time—domain characteristics without modulation
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Fig.3 Output time—domain characteristics using one type of modulation
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Fig.4 Output time—domain characteristics using both phase and intensity modulation ( f,, =100 MHz, Eyv=10 V, T=1/10 MHz, AT =4 ns)
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Table 2 Effect of different modulations on SBS threshold for fiber amplifiers

Modulation method Parameter SBS threshold/W Enhance multiple of SBS threshold
Phase 100 MHz, 10 V 770.98 12.3
Intensity 10 MHz, 4 ns 443.06 7.1
Phase+Intensity 100 MHz, 10 V+10 MHz, 4 ns 1127.4 18.0
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Fig.6 Spectra under both phase and intensity modulation ( f,, =100 MHz, Ex=10 V, T=1/10 MHz, AT =4 ns)
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