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Abstract:We show thatt phase-shifted Distributed Feedback (DFB) Ramare fiassers of 30cm
length are resilient against phase and amplitudeseup to ~5%, with negligible deterioration of
the threshold and slope-efficiency of the lasers.

1. Introduction:

The interplay between Stimulated Raman scatter®igS) and uniform Bragg gratings has been studied
extensively by Perlin and Winful through their thetical work on Raman gap solitons and Raman DEBrig[1, 2].
In the case of uniform DFB Raman fibre laser street, their work revealed that very long (~1m) omif Bragg
gratings are required to achieve reasonably loer |#wesholds [1]. Hu and Broderick demonstratesbithtically
that low threshold high efficiency DFB Raman filtbesers should be possible to achieve from muchteshlengths
by incorporating a centr&t phase-shift into the Bragg grating structure [B]is worth noting that the above
mentioned papers were based on Bragg grating witlal inoiseless coupling coefficient characteristics a
practical system however, some level of randomenisdikely to occur on the grating profile. Thigciudes fibre
non-uniformities and fabrication induced imperfens resulting from for example variations in thevpo level
from the UV writing beam and mechanically inducees. Despite the ability to write long fibre grags there has
not been any experimental demonstration of lagsing DFB Raman fibre laser structure to date. Is plaper we
theoretically investigate the effects of phase amglitude noise on centrephase-shifted DFB Raman fibre lasers
in order to evaluate the impact of grating noise thre feasibility of an experimental demonstratfighe lasers.

2.Modd set-up

This analysis is based on solutions generated $alring the standard nonlinear coupled mode equsfib,4].The
parameters of the model were based on experimealtzgs of a high NA (NA=0.28) Ge/Si fibre, with aeffective
mode area of 1am?and a Raman gain coefficient ofld** m/W. The simulated grating length is 30cm with a
Tiphase-shift in the centre. The propagation los$ehe pump wavelength (1540nm) and first order tfk8s
wavelength (1652nm) are assumed identical at OrhdiBdsed on expected values from cladding-mode and U
induced losses respectively. For simplicity we ehasvhite-noise distribution for both the phase amglitude of.
Simulating single-sided CW pumping, the time-deemidyehaviour of single-mode lasing output wasstigated.

3. Resultsand discussion:

First we examined the effects of changingn the lasing threshold and total output slopisieficy (vs launching
pump) in the noiseless case. We observed thahtashold dropped down from ~40\W=Q0mi") to 5.8W (=32m")
and saturated at ~5.2W for higher grating strenffits1). We also observed that the slope-effigjewas reduced
from ~60% (=28mi") to ~31% ¢=45m") which is likely due to a reduction of the effeeticavity length [5].
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Fig.1. Threshold and total output slope-efficieneyk. The
uncertainties of the threshold and slope efficiesevere +0.5W and
+0.03, respectively.

Fig.2. Threshold vs launched pump power and taigut slope-
efficiency vs individual random phase and amplitndése.



Following this initial optimisation we separatelyestigated the effects of phase and amplitudeenmisa DFB
grating with a mean value &=30ni". This value of was chosen due to its relatively lasing threshold of 8.2W
and high slope-efficiency of 57%. Fig.2 shows thieeshold and slope-efficiency when increasing éwell of rms
noise from 0% to 12%. It is evident that the infiue of the amplitude noise on the threshold anpleskdficiency of
the laser is low up to the maximum rms noise leeglsidered here, since they both remain almostaohwithin
the uncertainties of0.5W and+3% respectively. In contrast, the threshold is seerise quickly for rms phase-
noise levels above 5%. This could be due to theadkegion of wave confinement in the cavity. Itigeresting to
observe that for rms phase-noise levels up to Besthreshold increased only slightly from 8.2 +&/50 9.2 +0.5
W. Additionally, the slope-efficiency remains alrhesnstant at ~55% for rms noise levels below ~10%.

Tablel:DFB cutput powerfor 24W
pump power7, and/} , are the rms ’ ’

noise coefficients of amplitude and
phase, respectively=30m". ol
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10.00% | 10.00% 24 29+0.! Fig. 3. Reflection spectrum with 0%, 5% and 10% phaskamplitude nois

To simulate a more realistic grating profile, wetneonsidered the effects of combining both phaskamplitude
noise. Table 1 lists the total output power foiirasident pump power level of 24W for 7 differentnaoinations and
levels of noise. As it can be seen the output pswemain almost identical up a level of ~5% rmseain both the
phase and amplitude. This result is somewhat singrisince a 5% noise level normally is considefiady

substantial on longer gratings. To investigate ploisit further we analysed the effects of up to 189 noise on the
reflection characteristics of the gratings. As shoin Fig. 3, there is in fact little change to th®p-band
characteristics of the gratings indicating that fdsedback characteristics of the structure rembiost unaffected

by noise.

4. Conclusion

We studied the effects of the white phase and andglinoise in a centrephase-shifted DFB Raman fibre laser for
the first time by simulating the nonlinear coupledde equations with realistic grating parametekase errors
degraded the performance of the laser more signifithan amplitude errors, but we find that theicitire is
resilient against the noise and that it remaingdigrunaffected by phase and amplitude errors ugbt rms. We
believe that this promises well for a first expezimtal demonstration of a DFB Raman fibre laser.
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