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Abstract:  A novel mechanism which utilizes power-clamping effect to realize stable and uniform 
multiwavelength oscillations in an EDFL is proposed and demonstrated. Up to 50 wavelengths oscillations 
with wavelength spacing of 0.8 nm has been achieved. 
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1. Introduction 

Multiwavelength fiber lasers are useful light sources for WDM fiber communication systems, fiber sensors, and 
optical instrumentation. Various techniques have been proposed to realize multiwavelength oscillations in erbium- 
doped fiber lasers (EDFLs) [1-2]. In this work, we propose a novel mechanism to obtain stable multiwavelength 
oscillations in an EDFL with very flat spectrum. This technique was successfully demonstrated by using a nonlinear 
optical loop mirror (NOLM) to induce power-clamping effect, and up to 50 wavelengths lasing oscillations with 
wavelength spacing of 0.8 nm have been achieved. The measured power fluctuation of each wavelength is only 
about 0.1dB. 

2. Configuration and Principle 

The configuration of the proposed laser is shown in Fig. 1. It includes an amplifying unidirectional loop and a 
NOLM. The amplifying unidirectional loop consists of a commercial high power erbium-doped fiber amplifier 
(EDFA), a Fabry-Pérot (F-P) thin-film filter, a polarization controller (PC1) and an output coupler with a splitting 
ratio of 1:9. The EDFA provides the optical gain and has a saturation output power of 500 mW. The F-P filter has a 
free spectral range of 0.8 nm, and an insertion loss less than 2dB. The NOLM is constructed by splicing together the 
outputs of a 7:3 splitting ratio fused fiber coupler. A PC (PC2) and a 2.1-km-long conventional single-mode fiber 
(SMF) were inserted inside the loop. PCs were used at the input of the NOLM as well as inside the NOLM for 
polarization biasing of the loop. The laser output was taken via the 10% output port of the fiber coupler and was 
measured using an optical spectrum analyzer with 0.05 nm resolution. 

 
 
 
 
 
 
 

Fig.1. Schematic diagram of the proposed laser.             Fig.2. Transmission of an NOLM as a function of phase difference ∆Φ. 

The mechanism of the laser under stable multiwavelength operation at room temperature can be understood from 
the transmission characteristic of the NOLM. The transmission of an NOLM is given in [3]: 
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Where α is the splitting ratio of the NOLM, θ is the additional phase difference induced by the PC2, φ is the 
nonlinear phase delay, ∆Φ is the total phase difference between the two components in the clockwise and counter-
clockwise directions. Using Eq. (1), we can obtain the transmission of the NOLM for a certain wavelength λk as a 
function of total phase difference ∆Φ, as shown in Fig.2. As seen from Fig.2, when the linear phase delay is biased 
within the range between 2nπ and (2n+1)π, the NOLM will generate a positive feedback due to nonlinear effect and 
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the transmission of the NOLM increases with ∆Φ and as a result signal power. However, if the linear delay is 
located in the range from (2n+1)π to 2(n+1)π, the NOLM will generate a negative feedback and the transmission of 
the NOLM decreases with signal power. The maximum transmission point P also marks the switching point of the 
two feedbacks. Depending on the selection of the linear phase delay bias and the strength of the nonlinear phase 
delay, the feedback can be dynamically switched from the positive feedback to the negative feedback regime.  

The laser was initially biased in the positive cavity feedback regime at a position equal to the laser cavity loss, as 
shown in Fig. 2 (labeled as Al). The positive feedback will cause the laser to lase and the power will increase, the 
fiber nonlinear effect comes into play and the transmission of the NOLM at λk increases. When further increase in 
power, the feedback switches from positive to negative and consequently the nonlinear effect causes the 
transmission to become smaller and thus the loss increases. To a certain fixed value of the wavelength power, as 
shown in Fig. 2 Ac, which depends on the linear cavity phase delay setting, further increase of the wavelength power 
would result in that the gain is smaller than loss. At this point the power for the wavlength will be clamped. Further 
increasing the gain in the ring cavity will not amplify the wavelength but the wavelengths adjacent to it. The gain 
will generate other wavelengths one by one in exactly the same way and eventually a multiwavelength operation is 
obtained.  

In conclusion, in the case of the proposed laser when the linear cavity phase delay is biased close to the cavity 
feedback switching point, the feedback switching of the NOLM generates a power-clamping effect, which has the 
consequence that the power of one wavelength formed in the cavity is limited. It is this power-clamping effect that 
results in very stable multiwavelength oscillaions and ensures the uniform power distribution among wavelengths. 

3. Results and discussions 

The laser system can be easily set to the proper biasing point by monitoring its output spectra as the PCs are adjusted. 
Figure 3(a) shows the output spectrum of the laser emitting large number of laser lines spaced at 0.8 nm. Power 
distribution over wavelengths is very uniform and the amplitude difference among the 50 wavelengths is less than 
3dB within a spectral range of 1562-1605 nm. The output power fluctuation of a single laser line was measured by 
filtering out one channel with a bandpass filter. Figure 3(b) was given to show the long term stability of the laser 
output. The signal power fluctuation was measured to be about 0.1 dB over a two-hour period. 
 
 
 
 
 
 
 
  
 

Fig.3 Output of the laser. (a) Spectrum under 50-wavelength operation; and (b) Output power fluctuation versus time. 

4. Conclusion 

In conclusion, we have proposed a novel technique that can obtain stable and uniform wideband multiwavelength 
oscillations in an EDFL. This technique is shown to enable the realization of a wideband multiwavelength laser 
source with output of up to 50 wavelengths with a spacing of 0.8 nm. 
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