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Context

• Lidar to measure wind speed with Doppler frequency shift of 

the aerosol backscattered beam [1]

• All-fiber lidar for compactness, robustness and reduced cost

• 1545 nm for eye safety, atmospherical transparency and maturity 

of telecom components

• Applications : Management of air farms and airports, in-flight 

turbulence control

Principle of the Stimulated Brillouin Scattering (SBS)

• Non-linear effect in the amplifier fiber 

• Power backscattered from a Brillouin threshold power 𝑃𝑆𝐵𝑆 [2]

• Limit in peak power of the pulses, risk of damages

Frequency comb generation 

• Phase modulation with an 

electro-optic modulator [3]

• 𝑉𝜋: voltage to apply for a 

phase modulation of 𝜋
• Index of modulation : 

𝛽 = 𝑉𝜋/𝜋

• 𝐸 𝑡 = 𝐸0𝑒𝑖(2𝜋 ν𝐿𝑂+ν𝐴𝑂𝑀 𝑡+𝛽𝑠𝑖𝑛 2𝜋ν𝐸𝑂𝑀𝑡 )

          = 𝐸0σ𝑛=−∞
∞ 𝐽𝑛 𝛽 𝑒𝑖2𝜋 ν𝐿𝑂+ν𝐴𝑂𝑀+𝑛ν𝐸𝑂𝑀 𝑡

• Comb lines spaced of 𝜈𝐸𝑂𝑀

• Amplitude of the lines on the power spectrum 

proportional to 𝐽𝑛 𝛽 2

SBS occurs when the power at a given frequency exceeds the threshold limit 𝑷𝑺𝑩𝑺. With a frequency comb, 

the power in each line is still limited by SBS, but the sum of the lines exceeds this limit. 

Results

Experimental set-up for measuring the TEF

• TEF : Threshold Enhancement Factor

• 𝑇𝐸𝐹 =
𝑃𝑆𝐵𝑆 𝑤𝑖𝑡ℎ 𝑡ℎ𝑒 𝑐𝑜𝑚𝑏

𝑃𝑆𝐵𝑆 𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝑡ℎ𝑒 𝑐𝑜𝑚𝑏

• Gaussian pulses with a duration of 330 ns at a 

repetition rate of 20 kHz

• Measure 𝑃𝑆𝐵𝑆 at the fiber output by checking 

the shape of the pulse

Evolution of the TEF as a function of the modulation frequency

Evolution of the TEF as a function of the modulation index

•  𝛽 = 1,44 :  𝐽0 𝛽 2 = 𝐽1 𝛽 2

    Balanced three lines comb

• 𝑆𝑖𝑚𝑢𝑙𝑎𝑡𝑒𝑑 𝑇𝐸𝐹 =
𝑃𝑜𝑤𝑒𝑟 𝑜𝑓 𝑡ℎ𝑒 ℎ𝑖𝑔ℎ𝑒𝑠𝑡 𝑙𝑖𝑛𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑆𝑡𝑜𝑘𝑒𝑠 

𝑠𝑝𝑒𝑐𝑡𝑟𝑢𝑚 𝑚𝑜𝑑𝑒𝑙𝑖𝑧𝑒𝑑 𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝑐𝑜𝑚𝑏
𝑃𝑜𝑤𝑒𝑟 𝑜𝑓 𝑡ℎ𝑒 ℎ𝑖𝑔ℎ𝑒𝑠𝑡 𝑙𝑖𝑛𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑆𝑡𝑜𝑘𝑒𝑠 

𝑚𝑜𝑑𝑒𝑙𝑖𝑧𝑒𝑑 𝑤𝑖𝑡ℎ 𝑐𝑜𝑚𝑏

• Stokes spectrum model : convolution 

of the laser spectrum and a 

Lorentzian spectrul with a width of 40 

MHz

• 𝜈𝐸𝑂𝑀 = 130 MHz
• 𝑆𝑖𝑚𝑢𝑙𝑎𝑡𝑒𝑑 𝑇𝐸𝐹 =

𝑃𝑜𝑤𝑒𝑟 𝑜𝑓 𝑡ℎ𝑒 ℎ𝑖𝑔ℎ𝑒𝑠𝑡 𝑙𝑖𝑛𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑙𝑎𝑠𝑒𝑟 
𝑠𝑝𝑒𝑐𝑡𝑟𝑢𝑚 𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝑐𝑜𝑚𝑏

𝑃𝑜𝑤𝑒𝑟 𝑜𝑓 𝑡ℎ𝑒 ℎ𝑖𝑔ℎ𝑒𝑠𝑡 𝑙𝑖𝑛𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑙𝑎𝑠𝑒𝑟 
𝑠𝑝𝑒𝑐𝑡𝑟𝑢𝑚 𝑤𝑖𝑡ℎ 𝑐𝑜𝑚𝑏

 

Conclusion
For a frequency comb with N lines, the 

TEF is increased by a factor N, unless 

the lines are too close in frequency. 
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