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Narrow-band generation is achieved in random distributed feedback fiber laser by 
using narrow-band filters in the center of distributed cavity. The resulted linewidth of 
~0.1 nm is 10 times less than line-width in classical random distributed feedback fiber 
laser. Spectral properties could be further optimized.  

Introduction 
Recently, a novel fiber laser was demonstrated, which utilized the stimulated Raman 
process as the gain mechanism and relied on the randomly distributed Rayleigh 
scattering events along the length of the fiber for the feedback1. The laser has no any 
spectral selective elements. Further, it has been shown that multiwavelength generation 
can be achieved using multiple fiber Bragg gratings (FBGs) at fiber ends2. Incorporating 
a wide-band tunable filter in the center of the laser results in the tunable generation in 
wide spectral range with ultimately flat power over wavelength curve3 providing good 
tunable range similar to tenability of conventional FBGs based Raman fiber laser 
(RFL)4. RDFB lasers are good systems for advanced sensor applications5. From 
theoretical point of view, Basing on a balance equation set, numerical simulations6,7 and 
analytical considerations3,8 predicting the longitudinal power distribution, generation 
thresholds and output powers in symmetrical configuration with two pump lasers are 
made. In all the RDFB fiber lasers all demonstrated up to date, the laser radiation is 
rather broad having typical spectral width about 1 nm. However, it is of practical 
interest to suppress the linewidth of the RDFB laser. In the present work, the capability 
of the random distributed feedback fiber (RDFB) laser system for the generation of 
narrow linewidth radiation has been experimentally investigated.  

Experimental configuration 
Figure 1 shows a schematic diagram of the experimental configuration. Two spans of 40 
km standard Corning SMF 28 fiber were pumped by two Raman fiber lasers at 1455 
nm. The Stokes shift corresponds to generation near 1550 nm in this case.The original 
configuration1 was modified to allow the incorporation of narrow band spectral filter 
(FBG or FP etalon). This has been done by introducing a set of circulators. This 
unidirectional circulator configuration is necessary to allow for the use of the grating, 
and also provides a high level of isolation from the high level of reflected signal from 
an etalon. Backscattered radiation from the left arm is bypassed through the FBG into 
the right arm, allowing selective gain only within the reflection bandwidth of the FBG. 
The FBG has a Gaussian profile, with linewidth 0.05 nm and centered around 1550.8 
nm. The variation of the output power and optical spectrumwith the pump power 
levelwere monitored at different locations along the laser cavity. 
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Laser characteristics 
Generation initiated beyond a marked threshold (0.9 W from each pump laser), and the 
generation power increases linearly with the pump power The narrow-band filter 
provides the narrow-band generation despite the laser system is very long and total 
nonlinearity PL is of order of 50 in the laser cavity. Figure 2 shows the variation of the 
output spectra from the left and right ends with the pump power as parameter. It was 
observed that the linewidth of the output from the right end decreases down to 0.05 nm 
and increases up to 0.1 nm at higher pump power. The linewidth of radiation from the 
left has a similar behavior (minimal achieved linewidth is 0.05 nm), but increases more 
rapidly with the pump power level up to 0.3 nm. 
 

 
Discussions 
The reason behind the observed spectral characteristics can be understood by looking at 
the spectrum at different locations along the configuration. (Figure 3). While the FBG 
presents a well filtered signal for the fiber span on the right, the backscattered signal 
from the right contains a significant Brillouin scattered component, as observed in the 
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Fig. 1: Schematic diagram of experimental setup 
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Fig. 2: (a). Power transfer characteristics, (b) 3 dB linewidth of generated radiation from left and right 
ends, (c) optical spectra of ouptut from right end, and (d) optical spectra of output from left end. 
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upper branch. This is enough to initiate four wave mixing (FWM) effects along the fiber 
span on the left, efficiently phase matched by random Rayleigh scattering events. The 
observed asymmetry in outputs is reversed if the grating is moved to the upper branch, 
which rules out any effects arising due to pump asymmetry. This shows that symmetry 
in output radiation can be easily achieved by using a pair of matched gratings in the 
upper and lower branches. 
The effects of the Brillouin initiated four wave mixing become more prominent when 
narrower filters are used. In the present work, a fiber FP filter with central wavelength 
1550 nm, of finesse 486 and free spectral range 623.60 GHzis introduced in place of the 
FBG (with circulator). Distinct sidebands separated by a Brillouin shift were observed 
on both the left and right ends. At increasing pump power levels, cascaded FWM effects 
were observed on the right end, while a tri-lobed structure was observed on the right. 
This structure arose as the transmission window of the etalon was wide enough to let a 
small fraction backscattered Brillouin from the left arm to reach the right arm. This gave 
rise to Stokes and Anti-Stokes Brillouin components on the right end for high power 
levels. However, these observations show that a careful design of the filter can actually 
allow one to obtain spectrally pure radiation and narrowband generation very easily. 

 

Conclusion 
The random distributed feedback fiber laser is a treasure trove of nonlinear 
phenomenon, and the above work throws some light behind its inner workings. Despite 
there is almost no generated power in the central part of the laser, introducing the 
narrow-band filter can provided around 10 times narrow laser generation. Four wave 
mixing (FWM) seems to play a vital role in mitigating the effects of Brillouin 
scattering. The existence of myriad Rayleigh scattering events provides efficient phase 
matching for FWM to occur between the Brillouin and amplified spontaneous emission 

Fig. 3: Comparison of optical spectrum at different locations in a laser with (a) FBG and (b) FFP filter. 
The pump power level is 1.4 W. The FBG/FFP is introduced in the lower branch of the circulator 
configuration, resulting in the pronounced broadening effect along the left fiber span. The presence and 
effect of the Brillouin scattered component is clearly visible from the above spectra. 
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components, mitigating backward transfer of power. This could explain the significant 
amount of power transfer in the forward direction even at such high power levels. This 
has to be investigated further. Nevertheless, the above configuration presents forth the 
opportunity of obtaining extremely narrow linewidth radiation upon suitable 
optimization. Future work will focus on a more detailed study of line broadening effects 
and narrower linewidths, including possibility to generate higher order narrow-band 
Stokes components9. Spectral and statistical properties are of real interest10-13, but one 
need to implement NLSE-based modeling14,15 to deal with them. Possibilities of 
efficient frequency doubling of RDFB radiation are of interest as conventional RFL 
provides good doubling efficiency16. 
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