
Abstract-- A novel multiwavelength erbium-doped fiber 
laser (EDFL) based on two comb filters is proposed and 
demonstrated. One comb filter is used to define the 
wavelength spacing, the other is used to induce wavelength 
dependent loss (WDL) effect to suppress the mode 
competition caused by homogeneous gain broadening of the 
erbium-doped fiber (EDF). As a result, triple-wavelength 
lasing operation with wavelength spacing of 0.8 nm has been 
achieved. The measured power fluctuation of each 
wavelength is less than 0.4 dB. 

I.  INTRODUCTION

Multiwavelength erbium-doped fiber lasers (EDFLs) 
are useful light sources for WDM fiber communication 
systems, fiber sensors, and optical instrumentation. Since 
erbium-doped fiber (EDF) is a gain medium with 
homogeneous broadening, it is difficult to achieve stable 
multi-wavelength oscillations in EDFLs at room 
temperature. In order to suppress the mode competition, 
various techniques have been proposed to realize 
multiwavelength oscillations in EDFLs [1-7]. In this 
paper, we propose a novel mechanism that exploits the 
comb filter induced wavelength dependent loss (WDL) 
effect to suppress the mode competition caused by 
homogeneous gain broadening of the EDF. As a result, 
triple-wavelengths lasing oscillations with wavelength 
spacing of 0.8 nm have been achieved. The measured 
power fluctuation of each wavelength is less than 0.4 dB. 
The laser has the advantages of simple configuration, and 
uniform output over wavelengths. 

II. CONFIGURATION AND OPERATION PRINCIPLE

The configuration of the proposed laser is shown 
schematically in Fig. 1. It is composed of a commercial 
erbium-doped fiber amplifier (EDFA), a Fabry-Pérot (F-
P) thin-film filter, an M-Z interferometer, a polarization 
controller (PC), and an output coupler. The EDFA 
provides the optical gain and has a saturation output 
power of 500 mW. The F-P filter, which has a free 
spectral range of 0.8 nm, an extinction ratio of about 
13dB, and an insertion loss of less than 2dB, is used to 
define the wavelength spacing of the EDFL output. The 
M-Z interferometer, which has a free spectral range of 
about 0.14 nm and an extinction ratio of about 10 dB, 
was sealed in a box to obtain a stable characteristic. The 
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M-Z interferometer is used as the second comb filter to 
induce wavelength dependent loss. The PC was inserted 
before the M-Z comb filter for best output performance. 
The laser output was taken via the 10% output port of the 
output coupler and was measured using an optical 
spectrum analyzer (OSA) with 0.01 nm resolution. 

Fig. 1.  Schematic diagram of the proposed laser. 

Figure 2 shows the transmission spectrum of the 
combined structure of the F-P comb filter and the M-Z 
interferometer. As can be seen from Fig.2, there are more 
than five periods of the M-Z interferometer in the 3-dB 
bandwidth of one passband of the F-P comb filter. That 
is, the losses for the different wavelengths defined by the 
0.8 nm comb filter can be different. The 0.14 nm comb 
filter induced different cavity loss for different 
wavelengths defined by the 0.8 nm comb filter. Thus, the 
wavelength dependent loss can effectively suppress the 
mode competition caused by homogeneous gain 
broadening of the EDF, and as a result, multiwavelength 
operation could be obtained. 

Fig. 2.  Transmission spectrum of the combined structure of the F-P 
comb filter and the M-Z interferometer. 
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Furthermore, the transmission peak wavelengths of the 
M-Z interferometer shown in Fig.2 can be shifted through 
adjustment of the PC. This allows the optimization of the 
output characteristic such as amplitude uniformity over 
wavelengths. 

III.  RESULTS AND DISCUSSIONS

Using the mechanism described above and to confirm 
the existence of multiwavelength operation of the laser, 
we conducted experiment using the laser configuration 
shown in Fig. 1. The laser system can be easily set to the 
multiwavelength operation by monitoring its output 
spectra as the PC is adjusted. Figure 3 shows the output 
spectrum of the laser emitting three lines spaced at 0.8 
nm. Power distribution over wavelengths is very uniform 
and the amplitude difference among the three 
wavelengths is less than 1 dB. To study the long term 
stability of the laser output, the output power fluctuation 
of a single laser line was measured by filtering out one 
channel with a bandpass filter. The signal power 
fluctuation was measured to be less than 0.4 dB in a 
period of thirty minutes, as shown in Fig.4. 

Fig. 3.  Triple-wavelength laser oscillation output. 

Fig. 4.  Output power fluctuation versus time. 

As can be analyzed from the operation principle, the 
wavelength spacing of the output would have minor 
difference. Output performance including higher 
uniformity of wavelength separation and larger 
wavelength number could be possibly achieved by using 

a comb filter with much narrower wavelength spacing.  

IV.  CONCLUSIONS

In conclusion, we have proposed and successfully 
demonstrated a novel and simple technique, based on two 
comb filters, to generate stable multiwavelength 
oscillations in an erbium-doped fiber ring laser. The 
wavelength dependent loss induced by the comb filter 
with very narrow wavelength spacing can effectively 
suppress the mode competition caused by homogeneous 
gain broadening of the EDF. As a result, triple-
wavelength lasing operation with wavelength spacing of 
0.8 nm has been achieved. The power fluctuation in each 
wavelength is smaller than 0.4 dB when measured over 
30 minutes. 
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