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Amplification characteristics of multiwavelength
erbium-doped fiber laser amplifiers

ZHANG Bo', ZHANG Entao' , HU Xiaochuan', HE Xingkai', SHEN Qihao',
CHEN Yueyang' , ZHANG Qing', LI Cé’
(1. Southwest Institute of Technical Physics,Chengdu 610041, Chinaj; 2. School of Physics, Tonghua Normal University, Tonghua
134001, China)

Abstract: In order to study amplification characteristics of a multi-wavelength erbium-doped fiber amplifier ( EDFA),
steady rate equation for a multi-wavelength Er-doped double cladding fiber amplifier was deduced based on a single frequency
amplifier and ignoring the amplified spontaneous emission (ASE). A theoretical model of EDFA was set up. The amplification
characteristics of single wavelength amplification, dual wavelength amplification and four-wavelength amplification were
numerically simulated and analyzed theoretically by using this model. The results indicate that, the optimum fiber length of the
doped fiber amplifier is 8m in case of single wavelength injection. Unlike small signal amplification, the gain spectrum of a high-
power EDFA tends to be flat in the range of 1530nm ~ 1560nm. The difference of output power increases linearly with the
increase of wavelength interval when double-wavelength signal laser is amplified by EDFA. While wavelength interval is 20nm,
the maximum power difference of power balance compensation is 6. 855W by adjusting the input signal power ratio. The minimum
deviation of output power is 0.28W by adjusting the wavelength interval and power ratio parameter when four-wavelength signal
laser is amplified by EDFA. And the gain equalization can be easily achieved within a certain range. The study will be helpful for
multi-wavelength Er-doped fiber lasers and their application in laser Doppler radars.

Key words: fiber amplifier; multi-wavelength erbium-doped fiber amplifier; power equalized modulation; wavelength

interval ; gain spectrum
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Fig.2 Boundary condition of steady-state rate equation of a fiber amplifier
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Table 1  Physical parameters for theoretical calculations of amplifiers'!*]

symbol definition value
N erbium concentration 1.0x10%m 3
T upper-level particle lifetime 10.8 x10 3
Oe.p (A) pump emission cross-section 1.75 x 10 " P m?
8. (A}) signal emission cross-section 6.5 %10 P m?
Ous signal aborsoption cross-section 7 x10 P m?
A fiber core area 5.8 x10 'm?
o signal fiberattenuation coefficient 2x103m™!
a, pump fiber attenuation coefficient 4 %10 *m~!
r, pump filling factor 0.811
r, signal filling factor 0.6
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Fig.3 Relationship between output power and fiber length
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Fig.5 Gain spectra of EDFA under different input conditions
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