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Abstract: Mid-infrared supercontinuum spanning from 2.0 to 6.1 pm is generated in a 9 cm
suspended core chalcogenide fiber by pumping close to the fiber zero-dispersion wavelength
at 3.5 um with an OPA system.

OCIS codes: 320.6629, 190.4370, 160.4330, 060.4005.

1. Introduction

The mid-infrared spectral region is of great interest because a large number of molecules display fundamental vibra-
tional transitions in this region, which leaves distinctive spectral fingerprints [1]. So far thermal sources, synchrotron
sources and quantum cascade lasers (QCLs) have been the only possible mid-infrared light sources. However, ther-
mal sources have low brightness, synchrotron sources are costly and not portable, and the tuning range of individual
QCLs are limited and some wavelength ranges remain inaccessible. A mid-infrared supercontinuum light source will
potentially offer high brightness, spatial coherence, broad spectral bandwidth, and portability, making it useful for
applications involving medical diagnostics [2] and food analysis [3].

Supercontinuum light sources spanning the visible and near-infrared spectral region based on nonlinear effects in
tailored photonic crystal fibers made of silica are commercial available. However, the material absorption of silica
increases drastically when exceeding wavelengths of 2.4 um and silica can therefore not be used for efficient super-
continuum generation in the mid-infrared region. Several so-called soft-glass materials have been proposed as candi-
dates for fibers suitable for the mid-infrared region, including tellurite, fluoride, heavy metal oxide, and chalcogenide
glasses.

The chalcogenide glass As,Ses transmits light out to 17.5 um [4] and fibers made of As;Ses possess strong optical
nonlinearities up to 1,000 times greater than that of silica fibers [5]. However, the use of such materials for supercon-
tinuum generation has so far been limited by the lack of high peak power pump sources in the mid-infrared region.

Here we show mid-infrared supercontinuum generation from 2.0 to 6.1 um in a suspended core As,Ses fiber by
pumping with 320 fs pulses at 3.5 um from an optical parametric amplifier (OPA) system.

2. Experimental Results

For our experiments we used an As,Ses suspended core fiber provided by Perfos which had a core diameter of 4.5 um
and was similar to the ones presented in [6]. The material loss (Fig. 1(a), blue line) was as low as 1 dB/m around 5 ym
and below 4 dB/m from 1.5 to 8.2 um, except for the peaks at 3 um and 4.3 pm, which were due to O-H and C-O
absorption, respectively. The calculated fiber dispersion shown in Fig. 1(a) (black line) was based on the suspended
core structure shown in the inset of Fig. 1(a), and the zero-dispersion wavelength (ZDW) was calculated to be 3.52 pum.

A 9 cm fiber was pumped with an OPA system delivering 320 fs pulses at 3.5 um with a repetition rate of
21 MHz [7]. The pulse peak power was approximately 15 kW per 100 mW of average power. A molded chalco-
genide lens with an NA of 0.85 was used to couple the light to the fiber, while reflective optics was used to collect



the light after the fiber and guide it to a Newport Cornerstone 0.25m monochromator. PbSe and MCT detectors were
used to measure the spectra in the range 1.4-4.0 um and 4.0-7.0 um, respectively. The total insertion loss to the fiber
including input lens and output optics, any overlap loss and any propagation losses was measured to be 7 dB, and thus
the power delivered to the fiber was estimated to be 3.5 dB lower than the laser output, i.e. 6.6 kW of peak power per
100 mW of average power.
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Fig. 1. (a) Calculated dispersion and measured material loss. Inset: SEM image of the fiber with a
core diameter of 4.5 um. (b) Output spectra measured as a function of input power.

Spectra as a function of the laser average power are shown in Fig. 1(b). Pumping close to the ZDW of the fiber
will lead to soliton and dispersive wave formation in the anomalous and normal dispersion regime, respectively. The
solitons propagating in the fiber will redshift due to the effect of soliton self-frequency shifting [8], while the dispersive
waves will blueshift due to being trapped by group-velocity matched solitons [9]. High power solitons will redshift
more compared to low power solitions and as a consequence the spectrum will broaden when increasing the input
power. Due to the short piece of fiber the absorption peaks at 3 um and 4.3 pum is of little significance to the spectral
broadening, however dips in the spectra at these wavelengths are observed. In this case the broadest spectrum obtained
spans from 2.0 to 6.1 um measured at the -20 dB level with an average output power of 16 mW.

Furthermore, we will in this presentation show the results of varying pump wavelength, fiber length, and pump
power, respectively, and we will discuss how this affects the bandwidth of the generated supercontinuum.

3. Conclusion

We have demonstrated supercontinuum generation in a 9 cm As,Ses suspended core fiber, which was pumped with an
OPA system delivering 320 fs pulses at 3.5 um with a repetition rate of 21 MHz. The broadest generated spectrum was
spanning from 2.0 to 6.1 um measured at the -20 dB level. For higher input power or longer pieces of fibers broader
supercontinua may be generated.
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