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Design of Noise Figure Spectrum of Raman Amplifiers
Using Bi-Directional Pumping
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Schematic diagram of Raman scattering

— 10 —



wbMOOOOOO0OO0OO0OO0O0ODO

oooo0o0O0000000000000000000000AO0

3.5 T T T T
1510nm pump ‘
3.0 DCF

) /]
|

1.0
/“/ DSF \-

05 SMF, i
L

Raman gain efficiency (1/W/km)

N~
\

)
2
{f

¢
/

0.0

0 -10 -20 -30
Frequency shift (THz)

02 110nmO00000000O000O0

Raman gain efficiency measured by using a 1510-nm
pump

ooooooao

ooooooon ooooooa

03 0O00OOoooooooo
Schematic configuration of Raman amplifiers
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Principle of creating flat Raman gain by multi-wavelength
pumping scheme
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Raman gain and noise figure spectra by counter-pumping
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Signal power excursion along the amplifier fiber with
counter-pumping
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Schematic drawing of a multi-wavelength and bi-
directional pumped Raman amplifier
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Wavelength characteristics of a multi-wavelength and bi-
directional pumped Raman amplifier
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Signal power excursion along the amplifier fiber with bi-
directional pumping
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Simulation results of NF spectrum control
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Experimental results of NF spectrum control
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Pump power conditions in the experiments

Flat NF Tilted NF
Forward|Backward|Forward|Backward
A1] 1426.2nm | 149 mW | 31mW | 96 mW | 78 mW | 32 mW
Az| 14385nm | 161 mW | 36 mW | 108 mW | 54 mW | 78 mW
A3| 1451.8nm | 91mW |22mW | 65mW |45 mW | 26 mW

Wavelength|Backward

A4| 1466.0 nm | 83 mW 105 mW 100 mW
As| 14952 nm | 184 mW 206 mW 210 mW
Total power | 668 mW 668 mW 623 mW
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