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Abstract 

A pulsed multi-wavelength ring laser with about 14 
nm bandwidth is demonstrated by using a highly 
nonlinear SOA.  The repetition rate of the pulse train is 
12 MHz and the pulsewidth is 1 ns. 
 
 
1 Introduction 

Multi-wavelength lasers have attracted much interest 
because of their potential applications in optical test and 
measurement, fiber communications and fiber sensor 
systems [1, 2].  Both erbium-doped fiber (EDF) 
amplifiers [3] and semiconductor optical amplifiers 
(SOAs) [4, 5] have been used as the gain to realize 
multi-wavelength lasing.  Since SOAs are 
inhomogeneous gain medium and can support many 
wavelength lasing oscillations simultaneously in the laser 
cavity, multi-wavelength fiber lasers based on SOA have 
more advantages over multi-wavelength lasers based on 
erbium-doped fiber amplifiers. 

In this paper, we demonstrate a pulsed 
multi-wavelength ring laser in L an L+ band by using a 
highly nonlinear SOA.  The output 3 dB bandwidth of 
the demonstrated multi-wavelength ring laser is about 14 
nm, which includes 33-wavelength lasers at 50 GHz 
spacing.  The average output power of a single 
wavelength is 17 dBm and the extinction ratio is better 
than 40 dB.  The repetition rate and pulsewidth of an 
individual wavelength of the multi-wavelength ring laser 
is 12 MHz and 1 ns, respectively. 

 
 

2 Experiment 
Figure 1 shows the configuration of the 

multi-wavelength ring laser by using a highly nonlinear 
SOA which is made of InP with a buried heterostructure.  
The highly nonlinear SOA has a long active length, a high 

optical confinement and a low saturated output power.  
The saturated output power of the highly nonlinear SOA 
is ~ 9.4 dBm and the gain is ~ 33.2 dB at 1550 nm 
wavelength.  A Fabry-Perot (FP) etalon filter was used 
as a comb filter.  The 3 dB optical bandwidth and free 
spectral range (FSR) of the etalon filter are 80 pm (~ 10 
GHz) and 0.4 nm (~ 50 GHz), respectively.  The 
insertion loss of the etalon filter at the peak of the 
passband is ~ 1 dB and the extinction ratio is ~12 dB.  
An optical isolator with 3 dB insertion loss and larger 
than 40 dB isolation from 1590 nm to 1630 nm was used 
to reduce the reflection back to the highly nonlinear SOA 
as well as to ensure unidirectional operation of the ring 
laser.  A 20% fiber coupler was included in the laser 
cavity to provide the laser output. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Configuration of the pulsed multi-wavelength ring laser by 

using a highly nonlinear SOA. 

 
 

3. Performance and Discussions 

Figure 2 shows the total output spectrum of the 
multi-wavelength ring laser measured by an optical 
spectrum analyzer (OSA) with 0.01 nm resolution.  The 
driving current of the highly nonlinear SOA is 225 mA.  
The spectral shape and center wavelength of the 
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multi-wavelength laser output can be changed by varying 
the polarization controller (PC) in the ring cavity.  The 3 
dB bandwidth of the multi-wavelength laser output is 14 
nm which includes 33 laser wavelengths ranging from 
1602.61 nm to 1616.43 nm at 50 GHz spacing as shown 
in Fig. 2.  Due to the strong optical feedback provided 
by the fiber ring laser cavity, the highly nonlinear SOA 
was operated under saturated condition such that the 
center wavelength of the multi-wavelength laser shift to a 
long wavelength at around 1610 nm.  For comparison, 
the center wavelength at small signal gain is at around 
1550 nm.  The total average output power of the laser is 
6.7 dBm.  The extinction ratio is better than 40 dB and 
the average output power of a single wavelength of the 
laser is −17 dBm.  The measured 3-dB linewidth of the 
laser is about 0.02 nm. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 Output spectrum of the multi-wavelength ring laser measured 

by an OSA with 0.01 nm resolution. 
 

Figure 3 shows a typical RF spectrum of a single 
wavelength filtered from the multi-wavelength ring laser.  
The wavelength is then amplified by a bismuth 
oxide-based EDFA.  The RF spectrum was measured 
using a 10 GHz photodiode detector connected to a RF 
electrical spectrum analyzer (ESA) with 100 kHz 
resolution.  The input optical power to the photodetector 
is at −5 dBm.  Because of the high nonlinearity of the 
SOA used, many cavity modes were excited through four 
wavelength mixing (FWM) effect.  Figure 3 shows many 
beat frequencies generated by the beating among these 
longitudinal modes.  The minimum beat frequency 
component is about 12 MHz, which is determined by the 
ring cavity length.  The laser operates in pulse mode.  
The pulse shape was measured with a HP 83480A Digital 
Communication Analyzer and the pulsewidth is about 1 ns, 
as shown in the inset of Figure 3. 

 
 
 
 
 
 
 
 
 
 
 
Fig. 3 RF spectrum of a single wavelength filtered from the 

multi-wavelength laser output. (Inset is the pulse shape.) 

 
 

4. Conclusion 

In conclusion, we have proposed and experimentally 
demonstrated a pulsed multi-wavelength laser in L and L+ 
band by using a highly nonlinear SOA.  The output 
multi-wavelength laser has about 14 nm bandwidth, 
which includes 33-wavelength lasers.  The wavelengths 
range from 1602.61 nm to 1616.43 nm at 50 GHz spacing.  
The average output power of a single wavelength is about 
−17 dBm.  The extinction ratio is better than 40 dB.  
The repetition rate and pulsewidth of the laser output are 
12 MHz and 1 ns respectively. 
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