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Abstract: Through nonlinear scattering including stimulafRaman scattering and beam clean-
up, a pulsed multimode pump beam is converteddamearly diffraction-limited supercontinuum
extending from 1 to &am in a passive cladding-pumped nonlinear fiber eotey.
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1. Introduction

Supercontinuum (SC) generation, as a result ofackest nonlinear optical effects, has been widelpnepd and
intensively studied since it was discovered by Adfaand Shapiro [1]. With the development of ultnar$ pulse
diffraction-limited pump lasers, fibers with novgeometries and new materials, SC sources can neer co
wavelength from the mid-IR region, e.g., in sofagges [2], to the UV region, e.g., in silica byowng the
dispersion of fibers [3]. Notwithstanding this sess, power-scaling of diffraction-limited pulsedngu sources is
challenging, and this restricts the SC power. H@aremowadays the intensities needed to initiatentiginear
process can be reached also by continuous-wave moomees. These are easier to power-scale. Theyefor
record average output power reported from SC seuscg0 W, pumped by a single mode cw 400 W inéhdtber
laser [4]. Still, this approach presents many emajes, especially in the launch of the pump indenall-core fiber,
and altogether, the power conversion efficiency ardy 29% [4].

Here, we propose a radically different, yet simgniel effective, approach to generate SC based owanlron
cladding-pumped Raman fiber converters and lasarces [5]-[7]. A pulsed multimode pump source isniehed
into the pump waveguide of a silica-based “passdaible-clad fiber (DCF). In the first step, stiegld Raman
scattering then generates % Stokes wave, primarily in the core, which is sekd#ith increased pump power,
higher-order Stokes waves are generated througladed SRS, until the Stokes light reaches the dispersion
wavelength of the core. Then, a large SC is builtincreasing in spectral width and power as theappower
grows. The SC beam quality is defined by the fibere geometrical properties. Furthermore, the dispersion
properties can be tailored independently of thelditag design although for efficient Raman conversiore and
cladding area must abide some criteria [8].

In this work, we demonstrate a 19 W average powerr&nging from Ium to 1.8um (limited by our
instruments) in a 100 m long DCF with a (2@ diameter core. Given the many benefits of claglgiomping,
including power-handling and easy pump launch,hiigé efficiency that can be reached with nonlinsaattering
even in multimode fiber structures, and the goadop@ance we achieve, we believe this approactrofiesimple

and cost-effective solution for high-power SC searc
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Fig. 1. Configuration of the supercontlnuum soui@®l: dichroic mirror.

2. Experimental set-up

The experimental scheme consists of a low-costsitndl 1064 nm pulsed fiber laser from SPI lasé?-GBP-0031-
000) acting as pump source, a 1112 nm CW seeddrfiber Raman laser, and a 100 m long piece ofy&aExCF.
See Fig. 1. The DCF has a 2t diameter, 0.06 NA germanosilicate core, and @r&0diameter, 0.2 NA silica
inner cladding. Thus, the core is multimode for elangths below 1.56(Im. The outer cladding is made of
fluorine-doped silica glass and its outer diamétet60um. The total background loss is 0.24 dB in thixeief
fiber both at the pump and thé' Stokes wavelength. The pump produces 30 ns palsd$0 kHz repetition



frequency and with peak power up to nearly 10 k\&kpgower. The pump is multimode with?M 3.2, while the
seed is diffraction-limited. The beams are freecspaultiplexed by a dichroic mirror (DM) and lauedhthrough a
single lens into the DCF. Thus they co-propagales Jeed is launched into the core. Through SRSnthémode

pump amplifies and modulates the seed which becqpuisgd. At the output of the DCF, several DMsused to

separate the residual Raman pump, thstbkes, and higher-order Stokes waves which arergeed in the DCF. In
this experiment, the launch efficiencies for thenpuand seed are respectively 89% and 92.5% ingusied power
launched into the inner cladding. The launched peeder is 88 mW while the pump power is varied.

3. Resultsand discussions

Figure 2 shows the average output power of thedd@s including and excluding the residual pump g@roagainst
the launched average pump power. The power coveesficiency is over 70% with respect to the lauweat pump

power. We measured the output beam quality atrdifftewavelengths using a narrow-band filter. THeaké 1.69 at
1112 nm, 1.55 at 1178 nm, and 1.58 at 1539 nmiridet of Fig. 2 depicts the pulse shape at 153&n?5.4 W of

launched average pump power, showing a pulse dogsatif ~ 13 ns.

The output spectrum is shown in Fig. 3 for diffarpamp powers, for this 100 m long piece and atsoaf
700 m long piece. With increased pump power, séwdistrete order Raman Stokes are generated tot abou
1233 nm, then the spectra broadens. Calculatiots@ptiFibre™ (Optiwave) give a zero dispersion elangth of
around 1278 nm for the fundamental mode in the.cAtehe maximum pump power (8.05 kW launched peak
power), the power density is over 40 mW/nm arouA@Olnm. This result is close to the record powersilg of
50 mW/nm reported in [4]. In a 700 m long piece, extended the SC even further albeit with loweicidficy
because of higher losses. We were not able to meeamcurately the extension of the SC passed 1760 n
However, using an un-calibrated Agilent 86140B O8&were able to verify that the SC extended up [ion2as
shown in the inset of Fig. 3.
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Fig. 2. Average output powess. average launched pump power. InsetFig. 3. Output spectra for different launched pupgwers. Inset:
pulse shape at 1539 nm at the 25.4 W launched @wvenage power. Spectrum measured by uncalibrated OSA for 700 rg fiver.

4. Conclusion

We have cladding-pumped a 100 m long nonlineacssifiber converter with a multimode pump sourceisTh

generated a 19 W average power, pulsed, nearlsadifn-limited supercontinuum with over 70% corsien

efficiency with respect to launch pump power iraggé core fiber. We believe this simple approacénspup for

substantial further power-scaling of SC sources thatl the same method can be readily applied terdype of

material such as soft glass fibers which exhilsgdanonlinear coefficients and wide transmissiondeiv.
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