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A great deal of attention has been drawn to Random fiber lasers (RFLs) for their typical features of

. modeless, cavity-less and low coherence length. However, most previously reported high power RFLs
employ narrowband fiber lasers as the pump source, thus inducing the self-pulsing transferring from
pump source to output Stokes. In this contribution, linearly-polarized RFL pumped by broadband
amplified-spontaneous-emission (ASE) is demonstrated and continuous-wave (CW) high order Stokes
can be obtained.With 30.6 W pump injected into the half-opened cavity, 23.51W the 2"¢ order Stokes
centered at 1178 nm with a full width at half-maximum linewidth of 1.73 nm and polarization extinction
ratio of about 25 dB can be obtained. The standard deviation and peak-vale value of the 2" order Stokes
light at maximal output power is just 0.47% and 4.10%, which indicates the good power stability.
Significantly, the corresponding quantum efficiency of the 1%t and 2" order Stokes light is about 87%
and 85%, and almost all pump photons are converted into Stokes photons. As far as we know, it is the
highest power ever reported from linearly polarized RFL, and further power scaling is available in the
case of more powerful pump source and optimization of system parameters.

: Random lasers are of great importance in many fields, such as illumination source, sensing technology and spec-
. troscopic monitoring for their typical features of modeless, cavity-less and low coherence length'->. Random fiber
. laser (RFL) was first introduced in 20102, which operate via extremely weak random scattering in a single mode
. fiber (SMF). The random distributed feedback (RDFB) is provided by backward random Rayleigh scattering and
. the amplification is given by the stimulated Raman scattering (SRS) effect. Recently, intensity investigations of
. RFL have been reported on the output characteristics of high power*-, narrow linewidth’?, spectral tunable’,
. pulsed operation!®!!, and so on and so on'2. Especially, linearly polarized laser is requested for some practical
. application fields such as sensing and communication.
The polarization properties of a RFL utilizing polarized pump was investigated for the first time in ref. 13, and
: modified power balance model was developed to qualitatively study the impact of polarization evolution on lasing
© power properties. Recently, single order and high order linearly polarized RFL pumped by polarization main-
. tained (PM) fiber laser were presented with the maximum output power of about 10 W'#!5. The PER of output
. Stokes reached as high as 25 dB, and the evolutions of power and spectral characteristics with the enhancement
of pump power were studied in detail. In our previous work'é, a linearly polarized random distributed feedback
fiber laser was presented by introducing a certain fiber coiling technique. Despite of the depolarized pump source,
. the single linearly polarization laser output power reached ~3 W with polarization extinction ratio (PER) >14dB.
. But the PER value decreased to about 3 dB with the scaling of output power to 9.5 W for the lasing of the other
: polarization. As to the pump source, fiber laser is an extensive employed source for high power RFL*%14-1¢ for
- their high brightness, out-bound conversion efficiency, and maintenance free operation characteristics!”!8.
. As we know, the demonstration of a truly continuous-wave (CW) fiber laser is, however, not trivial'®. Usually,
. self-pulsing can occur in several kinds of fiber lasers, such as erbium-doped fiber laser?, ytterbium-doped
fiber laser?"?2, thulium-doped fiber laser?, Raman laser?, and even RFL?, under specific pumping and cavity
conditions. When the fiber lasers with self-pulsing component are employed as the pump sources of RFL, the
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Figure 1. Experimental setup of the high power linearly-polarized random fiber laser. ISO: fiber isolator,
Cir: circulator, FBG: fiber Bragg grating, RDFB: random distributed feedback.

characteristic frequencies of self-pulsing in fiber lasers, usually in the range of kilohertz to hundreds of mega-
hertz, can transfer to the output Stokes light of RFL?. By contrast, amplified spontaneous emission source (ASE,
also referred to as superfluorescent fiber source) from rare-earth doped fiber has been proved to have high tem-
poral stability?’. And it is an ideal pump source for Raman laser?® and super-continuum generation?. Therefore,
it’s significant to demonstrate more powerful linearly polarized RFL pumped by ASE light.

Here, we present a more powerful linearly polarized high order RFL pumped by high power ASE source and
investigate the spectral-temporal evolutions in the power scaling process. Continuous-wave high order Stokes
light can be obtained for the good stability of pump ASE source. Meanwhile, the dynamics of broadband emis-
sion spectrum and giant pulse operation at the thresholds of corresponding Stokes are described in spectral
and temporal domain, respectively. 23.51 W the 2" order Stokes light centered at 1178 nm with a full width at
half-maximum (FWHM) width of 1.73 nm and PER of about 25 dB can be obtained. To the best of our knowledge,
this is the highest power linearly polarized RFL ever reported. Further power scaling is available in the case of
more powerful pump source and optimization of system parameters.

Results

The schematic diagram of the linearly-polarized RFL is depicted in Fig. 1. Linearly polarized broadband ASE
light centered at 1073.5nm with a FWHM linewidth of 12.5nm is utilized to pump the linearly polarized RFL.
To decrease the threshold of random lasing, half-opened cavity structure®* is employed, which is composed by
two narrowband fiber Bragg gratings (FBGs) and a piece of 500 m long PM passive fiber. The FBGs are utilized
to select the radiation section of initial spontaneous Raman noise to obtain narrowband output. The passive fiber
is employed to provide random distributed feedback and Raman gain for the random lasing, and the attenuation
ratio for the broadband pump light is about 13%.

The output power and spectrum characteristics of the RFL at different pump power levels have been measured
and depicted in Fig. 2(a,b), respectively. Below the lasing threshold of the 1% stokes (8.05 W), only transmitted
pump can be observed in the output light. With the enhancement of pump power from 8.05W, the 1% Stokes
power grows rapidly with the pump power up to the 2™ Stokes threshold (16.1 W) and then starts to decrease.
As shown in Fig. 2(b), broad emission spectra of 1** and 2™ stokes wave can be observed, and several high order
Stokes are excited near the threshold of the 1* Stokes and 2¢ Stokes. The details of the broadband 1°* and 2™
Stokes generated at corresponding thresholds are displayed in Fig. 2(c,d), respectively. The FWHM linewidth of
the Stokes light near corresponding threshold is as narrow as 0.42 nm and 0.31 nm, respectively. But the emission
spectrum of Stokes light covers the range of 1118~1145nm for the 1* Stokes light and 1170~1190 nm for the
27 Stokes light, which is typical for the multi-cascaded Rayleigh scattering (RS) - stimulated Brillouin scatter-
ing (SBS) generation®*!. The broadband shapes of the 1*t and 2"¢ Stokes waves will evolve to narrowband shape
when pump power exceeds threshold level. The temporal dynamics of these evolutions will be investigated in
detail later. Additionally, the compositions around 1030 nm, as shown in Fig. 2(b), are induced by the power
amplification process in the pump source. The ultimate total output power of the RFL is 23.8 W for given 30.6 W
pump light, which is limited by the available pump power. At full pump power, almost all pump light converses to
Stokes light, and the residual ASE is just about 0.28 W. Subtracting the residual pump power, the pump-to-Stokes
conversion efficiency is about 77.57%. The individual highest pump-to-Stokes conversion efficiency during the
power enhancing process for the 1%t and 2" Stokes is 83.43% and 77.55%, respectively. And the corresponding
quantum efficiency is about 87% and 85%, respectively. To the best of our knowledge, this is the highest power
linearly polarized RFL ever reported, and further power scaling is available in the case of more powerful pump
source and optimization of system parameters.

The spectral linewidths of the 1* and 2°¢ Stokes as a function of its output power are shown in Fig. 2(e). Below
the threshold of the 1* Stokes, the FWHM linewidth of the 1% Stokes is about 1.48 nm, which is approximate
to the FWHM linewidth of FBG 1. The FWHM linewidth of the 1* Stokes decreases to about 0.42 nm around
threshold level, and broadens to a stable value of about 1.2 nm with the increment of pump power. As to the
2" Stokes, the initial FWHM linewidth is about 3.15 nm, and it decreases to 0.31 nm around threshold. With
the enhancement of output power, the FWHM linewidth evolves to a stable value of about 1.73 nm. Below the
threshold, initial output spectrum of individual Stokes is formatted by the interaction between the reflection
of FBG and spontaneous Raman emission, and the FWHM linewidth of output spectrum is determined by the
linewidth of the narrowband FBG. With the increment of pump power to individual lasing threshold of 1* and
27 Stokes, Schawlow-Townes spectral narrowing>? can be observed as global statistically stationary wave spec-
trum formatted. Above the individual lasing threshold, nonlinear broadening will occur for the effects such as
self-phase modulation (SPM) and cross-phase modulation (XPM)">. Figure 2(f) plots the evolution of PER of the
transmitted pump light and the 1% and 2™ Stokes light. The PER of the random lasing output can achieve as high
as about 25 dB even at maximal pump power, despite of the low PER value of pump light (<14 dB). It indicates
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Figure 2. Output characteristics of the ASE pumped linearly polarized RFL. (a) Output power as a function
of injected pump power; (b) Output spectra at different pump power; (c,d) Spectral details of the 1% and 2"
Stokes at corresponding threshold, (¢) FWHM linewidth of Stokes waves as a function of its output power;

(f) PER of the transmitted light as a function of injected pump power. The output spectra are measured with a
resolution of 0.02 nm.

that the random lasing process in the linearly polarized RFL can improve the polarization characteristic for the
difference of Raman gain on the two polarization axis.

The temporal characteristics of the linearly polarized RFL pumped by broadband ASE at different pump power
are depicted in Fig. 3. To compare the power fluctuation amplitude and intensity of the output light, standard
deviation (STD) and peak-vale (PV) values of the temporal measurements are calculated. For the good stability
of broadband ASE light?”, the STD and PV value of the pump ASE at 8.05 W is 0.18% and 1.58%, respectively. The
good power stability maintains well in the power scaling process of pump light. At the corresponding threshold
of the 1*t and 2" order Stokes light (8.05W and 16.1 W, respectively), giant pulse operation generates and van-
ishes with the increment of pump power. The dynamics of this temporal evolution have been intensive investi-
gated®-3>, With the scaling of pump power from 8.05W to 13.9 W, stable Stokes light can be obtained. The STD
and P-V values are 0.35% and 3.36%, respectively. At the threshold of the 2" Stokes (16.1 W), the output of 1%
and 24 Stokes light start to operating unstable. The evolutions of the 1% and 2 Stokes are synchronized and the
tendencies are opposite, indicating that the cause of pulse operation of 1°** Stokes light is the energy consumption
of pulse radiation of the 2" Stokes. The giant pulse lasing of linearly polarized RFL at the threshold of 2*¢ Stokes
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Figure 3. Evolution of ASE pumped RFL at different pump power. The temporal data of individual
components are measured and acquired synchronistical with a time resolution of 5ns.

can transform to stable operation again with the increment of pump power to 21.2 W. The STD of the 1* and 2™
Stokes light is 2.15% and 0.82%, and the P-V value is 20.34% and 7.27%, respectively. The power stability of the
274 Stokes light is better than the 1% Stokes light, but worse than the broadband pump ASE. At full pump power,
the STD and P-V values of the output 2™ Stokes light is 0.47% and 4.10%, respectively. In contrast to the good
stability of pump light, the causes of the power stability deterioration maybe lie in Raman noise and influence
from the environment.

Discussion

For the good stability of broadband ASE light, CW operation of high order linearly polarized Stokes light with
pump-limited maximal output power of 23.8 W and FWHM linewidth of about 1.73 nm can be obtained from
linearly polarized RFL pumped by broadband ASE source. However, giant pulse operation and broadband spec-
trum radiation can be observed at corresponding threshold, which is different to the fiber laser pumped linearly
polarized RFL!*!>. The occurrence of giant pulse in high power linearly polarized RFL cannot be ignored for
the potential irreversible damages on the fiber, such as fiber fuse. Further investigation on the characteristics of
giant pulse operation and the suppression method, even eliminate the giant pulse generation is significant for the
demonstration and optimization of high power CW operated RFL. What’s more, the corresponding threshold of
the 1t and 2" Stokes generation is about 8.05 W and 16.1 W, which is almost two times higher than that of the
presented linearly polarized RFL' with similar operation parameters and pumped by narrowband fiber laser. The
threshold enhancement maybe lies on the differences of temporal characteristics and FWHM linewidth of pump
source. As to the efficiency characteristics, the individual optical-to-optical conversion efficiency of pump to 1*
and 2" order Stokes light is 83.43% and 77.55%, respectively. The corresponding quantum efficiency is about 87%
and 85%, accordingly. Considering the attenuation loss induced by the passive fiber, almost all pump photons are
converted into the Stokes photons. The obtained quantum efficiency for the 1* order Stokes light (87%) is lower
than that of reported non-polarized RFL (about 93%)* and presented linearly polarized RFL (about 92%)*. The
relative low quantum efficiency of this scheme mainly lies on the high cavity loss while the cavity loss is only
about 4% and 10% for the RFL in refs 4 and 14, accordingly. Furthermore, the quantum efficiency of converting
the pump light to the 2" order Stokes light in this system sets record value (85%) in high order RFLs comparing
with the quantum efficiency in previous non-polarized high-order high efficiency RFLs (59%)>® and linearly
polarized high order RFL with ultimate efficiency (83%)"°. The relative low quantum efficiencies of the reported
high order RFLs are influenced by the relative high cavity loss. And the corresponding cavity loss of the high order
RFL demonstrated in refs 15 and 36 is about 46% and 15%, respectively. The quantum efficiency obtained in this
scheme indicates that high conversion efficiency can also be realized in high order linearly polarized narrowband
RFL pumping by broadband ASE source (12.5nm FWHM linewidth). The FWHM linewidth of the 2°¢ order
Stokes light is 1.73 nm and slightly narrower than the FWHM linewidth of FBG2, which may be induced by the
spectrum mismatch of FBG2 and spontaneous Raman light. What's more, the FWHM linewidth of the 2" order
Stokes light is also narrower than that of reported results (about 2.5 nm at maximal output power)*>. Firstly, the
narrowband FBGs acting as spectral filters can reduce the linewidth of output Stokes light directly. Secondly, the
difference of the linewidth maybe also owed to the shorter passive fiber employing in this scheme as spectrum
broadening is induced by nonlinear effects such as SPM and XPM", and the fiber length can influence the gen-
eration of nonlinear effects.

Conclusion

In this contribution, we demonstrated a linearly polarized high order RFL pumped by broadband ASE source.
Half-opened cavity, which is composed by two high reflectivity FBGs and a piece of 500 m long single mode
PM passive fiber, is employed to decrease the threshold of Stokes light generation. The threshold of the 1% and
2" order Stokes light is 8.05 W and 16.1 W, respectively. At corresponding threshold, giant pulse operation and
broadband spectrum emission generates as SBS-RS combined effect. The dynamics of these phenomena are
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explained in spectral and temporal domain, respectively. With 30.6 W pump light injected, maximal output power
0f23.51 W CW second-order Stokes light centered at 1178 nm with a FWHM of 1.73 nm. The quantum efficiency
of pump to the 1* and 2°¢ order Stokes light is about 87% and 85%, respectively. Considering the attenuation
loss induced by the passive fiber, almost all pump photons are converted into the Stokes photons. The PER of
the Stokes light can achieve as high as about 25 dB even at maximal pump power, despite of the low PER value of
pump light (<14 dB). The STD and P-V value of the output 2™ Stokes light at maximal output power is just 0.47%
and 4.10%, which indicates the good power stability of output high order Stokes light. To the best of our knowl-
edge, this is the highest power linearly polarized RFL ever reported. Further power scaling is available in the case
of more powerful pump source and optimization of system parameters.

Methods

The experimental setup is schematically depicted in Fig. 1. Pump sources we employed are homemade
main-oscillator-power-amplifier (MOPA) structured linearly-polarized fiber sources seeded with broadband
CW operated ASE source. To increase the isolation between the pump source and the random laser and avoid
the influence of the leaking light of the FBGs, PM fiber isolator (ISO) and circulator are cascaded fused after the
pump source, and the backward light of the random fiber laser is striped from the 3™ port of fiber circulator.
The end facet of the 3™ port is angle cleaved with 8° to decrease the Fresnel reflection. A PM tapper is utilized to
monitor the temporal characteristics of pump light injected into the RFL. The coupling ratios of the PM tapper
to monitor port and signal port are 0.1% and 99.9%, respectively. The half-opened cavity of the linearly polarized
high order RFL is composed by a piece of 500 m long single mode PM passive fiber and two PM high reflectivity
FBGs centered at 1120nm and 1178 nm, respectively. The core diameter of the passive fiber is 6 pm, and the cor-
responding FWHM linewidth of FBG 1 and 2 are 1.41 nm and 2.16 nm. The end facet of the output port of passive
fiber is angle cleaved with 8 °C to suppress the point reflection.

The output power and spectrum are measured by a power meter and an optical spectrum analyzer (OSA). The
PER of the transmitted light is measured by spatial PER measurement. After the collimation of output beam by a
spatial collimator, high reflection mirror operated at 1070 nm with a bandwidth of £10nm and dichroic mirror
for 1120nm/1178 nm wavelength are utilized to pick out the residual pump light from the Stokes light and split
the high order Stokes light. Half-wave plates and polarization beam splitters operating at corresponding wave-
length are employed after the spectrum section splitting. The power along the two polarization axis are measured
by two power meters and the PER value can be calculated. The temporal properties of the individual Stokes light
and pump source are measured by InGaAs photodetectors (5 GHz bandwidth, rise time <70 ps) and digital phos-
phor oscilloscope (1 GHz bandwidth, 5 GS/sec sampling rate) with the help of spectrum splitting mirrors and
fiber tapper.

References
1. Wiersma, D. The physics and applications of random lasers. Nat. Phys. 4, 359-367 (2008).
2. Turitsyn, S. K. et al. Random distributed feedback fibre laser. Nat. Photon. 4, 231-235 (2010).
3. Cao, H. et al. Random laser action in semiconductor powder, Phys. Rev. Lett. 82, 2278-2281 (1999).
4. Du, X,, Zhang, H., Wang, X., Zhou, P. & Liu, Z. Short cavity-length random fiber laser with record power and ultrahigh efficiency.
Opt. Lett. 41, 571-574 (2016).
5. Wang, Z. et al. High power random fiber laser with short cavity length: theoretical and experimental investigations. IEEE J. Sel. Top.
Quantum Electron. 21, 10-15 (2015).
6. Zhang, H., Zhou, P, Xiao, H. & Xu, X. Efficient Raman fiber laser based on random Rayleigh distributed feedback with record high
power. Laser Phys. Lett. 11, 075104 (2014).
7. Peng, M., Bao, X. & Chen, L. Observation of narrow linewidth spikes in the coherent Brillouin random fiber laser. Opt. Lett. 38,
1866-1868 (2013).
8. Sugavanam, S., Tarasov, N., Shu, X. & Churkin, D. V. Narrow-band generation in random distributed feedback fiber laser. Opt.
Express 21, 1646616472 (2013).
9. Babin, S. A, El-Taher, A. E., Harper, P, Podivilov, E. V. & Turitsyn, S. K. Tunable random fiber laser. Phys. Rev. A 84, 021805 (2011).
10. Tang, Y. & Xu, J. A random Q-switched fiber laser. Scientific Reports 5, 9338 (2015).
11. Yao, B. C. et al. Graphene based widely-tunable and singly-polarized pulse generation with random fiber lasers. Scientific Reports 5,
18526 (2015).
12. Churkin, D. V. et al. Recent advances in fundamentals and applications of random fiber lasers. Adv. Opt.Photon. 7, 516-569 (2015).
13. Wu, H. et al. Random distributed feedback Raman fiber laser with polarized pumping. Laser Phys. Lett. 12, 015101 (2015).
14. Zlobina, E. A., Kablukov, S. I. & Babin, S. A. Linearly polarized random fiber laser with ultimate efficiency. Opt. Lett. 40, 4074-4077
(2015).
15. Babin, S. A., Zlobinal, E. A., Kablukov, S. I. & Podivilov, E. V. High-order random Raman lasing in a PM fiber with ultimate
efficiency and narrow bandwidth. Scientific Reports 6, 22625 (2016).
16. Du, X,, Zhang, H., Wang, X., Zhou, P. & Liu, Z. Investigation on random distributed feedback Raman fiber laser with linear polarized
output. Photon. Res. 3,28-31 (2015).
17. Richardson, D. J., Nilsson, J. & Clarkson, W. A. High power fiber lasers: current status and future perspectives (Invited). J. Opt. Soc.
Am. B 27, B63-B92 (2010).
18. Zervas, M. N. & Codemard, C. A. High power fiber lasers: a review. IEEE J. Sel. Top. Quantum Electron. 20, 0904123 (2014).
19. Brunet, E, Taillon, Y., Galarneau, P. & LaRochelle, S. A. Simple Model Describing Both Self-Mode Locking and Sustained Self-
Pulsing in Ytterbium-Doped Ring Fiber Lasers. J. Lightw. Technol. 23, 2131-2138 (2005).
20. Loh, W. H. & Sandro, J. P. Suppression of self-pulsing behavior in erbium-doped fiber lasers with resonant pumping: experimental
results. Opt. Lett. 21, 1475-1477 (1996).
21. Li, J,, Ueda, K. I., Musha, M. & Shirakawa, A. Residual pump light as a probe of self-pulsing instability in an ytterbium-doped fiber
laser. Opt. Lett. 31, 1450-1452 (2006).
22. Hu, S., Zhang, C., Wang, S., Hu, H. & Ou, P. Self-pulsing behavior in high-power ytterbium-doped fiber lasers. In Photonics Asia
2007 68230D, 1-7 (2007).
23. Tang, Y. & Xu, J. Effects of excited-state absorption on self-pulsing in Tm*"-doped fiber lasers. J. Opt. Soc. Am. B 27, 179-186 (2010).
24. Suret, P, Joly, N. Y., Mélin, G. & Randoux, S. Self-oscillations in a cascaded Raman laser made with a highly nonlinear photonic
crystal fiber. Opt. Express 16, 11237-11246 (2008).

SCIENTIFICREPORTS | 6:35213 | DOI: 10.1038/srep35213 5



www.nature.com/scientificreports/

25. Zhang, H., Xiao, H., Zhou, P,, Wang, X. & Xu, X. Random distributed feedback Raman fiber laser with short cavity and its temporal
properties. IEEE Photonics Technology Letters 26, 1605-1608 (2014).

26. Nuio, J., Alcon-Camas, M. & Ania-Castandn, J. D. RIN transfer in random distributed feedback fiber lasers. Opt. Express 20,
27376-27381 (2012).

27. Xu, J. et al. 1.01 kW superfluorescent source in all-fiberized MOPA configuration. Opt. Express 23, 5485-5490 (2015).

28. Levit, B., Bekker, A., Smulakovsky, V. & Fischer, B. Amplified-spontaneous-emission pumped Raman fiber laser. In Electrical and
Electronics Engineers in Israel 2008 563-565 (2008).

29. Jin, A., Zhou, H., Zhou, X., Hou, J. & Jiang, Z. High-power ultraflat near-infrared supercontinuum generation pumped by a
continuous amplified spontaneous emission source. IEEE Photon. ]. 7, 1600409 (2015).

30. Vatnik, I. D., Churkin, D. V,, Podivilov, E. V. & Babin, S. A. High-efficiency generation in a short random fiber laser. Laser Phys. Lett.
11, 075101 (2014).

31. Park, K. D. et al. Dynamics of cascaded Brillouin-Rayleigh scattering in a distributed fiber Raman amplifier. Opt. Lett. 27, 155-157
(2002).

32. Churkin, D. V. et al. Wave kinetics of random fibre lasers. Nat. Communications 6, 6214 (2015).

33. Bar-Joseph, I, Friesem, A. A., Lichtman, E. & Waarts, R. G. Steady and relaxation oscillations of stimulated Brillouin scattering in
single-mode optical fibers. J. Opt. Soc. Am. B2, 1606-1611 (1985).

34. Ravet, G., Fotiadi, A. A., Blondel, M. & Megret, P. Passive Q-switching in all-fibre Raman laser with distributed Rayleigh feedback.
Electron. Lett. 40, 528-529 (2004).

35. Fotiadi, A. A. & Kiyan, R. V. Cooperative stimulated Brillouin and Rayleigh backscattering process in optical fiber. Opt. Lett. 23,
1805-1807 (1998).

36. Babin, S. A., Vatnik, I. D., Laptev, A. Y., Bubnov, M. M. & Dianov, E. M. High-efficiency cascaded Raman fiber laser with random
distributed feedback. Opt. Express 22, 24929-24934 (2014).

Acknowledgements
The authors would like to acknowledge the support of the National Natural Science Foundation of China (Grant
Nos 61322505 and 11274386).

Author Contributions
J.X., PZ.,]J.W. and J.L. designed and performed the experiments. ] X., PZ. and H.Z. performed the experimental
data analysis. J.X. wrote the manuscript.

Additional Information
Competing financial interests: The authors declare no competing financial interests.

How to cite this article: Xu, J. et al. Powerful linearly-polarized high-order random fiber laser pumped by
broadband amplified spontaneous emission source. Sci. Rep. 6, 35213; doi: 10.1038/srep35213 (2016).

This work is licensed under a Creative Commons Attribution 4.0 International License. The images

B o1 other third party material in this article are included in the article’s Creative Commons license,
unless indicated otherwise in the credit line; if the material is not included under the Creative Commons license,
users will need to obtain permission from the license holder to reproduce the material. To view a copy of this
license, visit http://creativecommons.org/licenses/by/4.0/

© The Author(s) 2016

SCIENTIFIC REPORTS | 6:35213 | DOI: 10.1038/srep35213 6


http://creativecommons.org/licenses/by/4.0/

	Powerful linearly-polarized high-order random fiber laser pumped by broadband amplified spontaneous emission source

	Results

	Discussion

	Conclusion

	Methods

	Acknowledgements
	Author Contributions
	﻿Figure 1﻿﻿.﻿﻿ ﻿ Experimental setup of the high power linearly-polarized random fiber laser.
	﻿Figure 2﻿﻿.﻿﻿ ﻿ Output characteristics of the ASE pumped linearly polarized RFL.
	﻿Figure 3﻿﻿.﻿﻿ ﻿ Evolution of ASE pumped RFL at different pump power.



 
    
       
          application/pdf
          
             
                Powerful linearly-polarized high-order random fiber laser pumped by broadband amplified spontaneous emission source
            
         
          
             
                srep ,  (2016). doi:10.1038/srep35213
            
         
          
             
                Jiangming Xu
                Pu Zhou
                Jinyong Leng
                Jian Wu
                Hanwei Zhang
            
         
          doi:10.1038/srep35213
          
             
                Nature Publishing Group
            
         
          
             
                © 2016 Nature Publishing Group
            
         
      
       
          
      
       
          © 2016 The Author(s)
          10.1038/srep35213
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep35213
            
         
      
       
          
          
          
             
                doi:10.1038/srep35213
            
         
          
             
                srep ,  (2016). doi:10.1038/srep35213
            
         
          
          
      
       
       
          True
      
   




