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Abstract: We present the nonlinear behavior of large air-filling fraction photonic crystal 
fibers specifically designed to have a negative slope in the vicinity of the zero dispersion 
point. When ultrashort pulses are coupled into them, transmission spectra shows 
unexpected solitonic effect due to the unusual dispersion curve. 

 
Photonic crystal fibers (PCF) are an ideal medium for nonlinear optics thanks to the possibility of 

engineering the dispersion properties of the waveguide by reducing the core size of the fiber, which in turn 
enhances the nonlinear interaction between the light and the fiber bulk constituent. Operating in a specific 
dispersion regime provides a very powerful avenue to influence and enhance specific nonlinear processes in 
fibers. Here we present PCF with high air-filling fraction whose dispersion curves are optimized for operation 
around 1550 nm. 

 
In conventional single-mode communications fiber, the dispersion curve exhibits a single zero crossing 

around 1.3 μm with a positive slope.  By contrast, in PCF, when the core size is considerably reduced compared 
to conventional fiber, the geometrical contribution of the dispersion leads to a dramatic modification of the 
properties of the waveguide moving the zero dispersion point to lower wavelength or possibly introducing a 
second zero dispersion point (SZDW) at longer wavelengths than the physical limit for a silica rod [1]. Pumping 
such small core fibers with wavelength close to the first zero dispersion point resulted in the generation of broad 
supercontinuum [2]. Furthermore it was shown recently that the negative slope of the dispersion curve in the 
vicinity of the SZDW can lead to the cancellation of the Raman self-frequency shift [3]. Here we report new 
nonlinear effects that occur when pumping in the vicinity of the SZDW where the slope of the dispersion curve 
is anomalously negative. 
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Fig.1:  Measured dispersion curves for large air-filling fraction PCF with a core around 1.2 μm. The 
core size of each fibers is respectively (a) 1.20, (b) 1.22, and (c) 1.25 microns and the zero dispersion 
wavelength 1.51 (a), 1.53 (b) and longer than 1.6 μm (c). For comparison, the dashed line shows the 
calculated dispersion curve for a silica rod of 1.2 μm diameter. Points on curve (a) correspond to the 
wavelength at which the non-linear behavior vs power is shown further. The inset presents a SEM of 
the photonic crystal fiber with a core diameter 1.20 μm, showing (d) the whole structure of the PCF 
and (e) a zoom of the structure. 
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The pure-silica fibers described here have been manufactured by a classical stack-and-draw technique, and 
the final structure is so that the ultra-small core (around 1.2 μm diameter) is mainly surrounded by air. Figure 1 
shows a collection of different dispersion curves for such fibers and the inset shows a SEM picture of a 
representative fiber. 

The ability to tune the fiber parameters is directly reflected in the nonlinear effects. To investigate the 
dispersion-specific, we examine the power dependence of the spectrum at the output of the fiber for various 
fixed pump wavelengths. Tunable femtosecond pulses (λ ∈ [1400,1600] nm) were coupled into one-meter long 
photonic crystal fibers. As shown on Fig. 2, the fibers exhibit very different behavior depending on the relative 
position of input wavelength with respect to the zero dispersion wavelength and the input pulse energy. The 
graphs illustrate the different behavior that is detected by pumping in the anomalous dispersion regime (Fig. 2-
a), at the zero dispersion wavelength (Fig. 2-b) and in the normal dispersion regime (Fig. 2-c) for a fiber whose 
zero dispersion wavelength is λ = 1510 nm (Fig. 2-a). Pumping in the anomalous dispersion regime (λ < 1510nm 
for these fibers - Fig. 2-a), the spectrum exhibits the signature of the cancellation of the Raman self-frequency 
shift as recently reported in an analogous kind of fiber [3]. This shift is balanced by Cherenkov radiation clearly 
observed here for wavelength greater than 1.6 μm. By contrast, operating in the normal dispersive region, the 
spectrum presents two lobes, which are a result of self-phase modulation (Fig. 2-c). Figure 2-b shows the output 
spectrum, when ultrashort pulses at the zero dispersion wavelength, are coupled in the fiber. Both effects (Raman 
self-frequency shift cancellation and self-phase modulation effect) result in a continuous spectral generation of 
short wavelengths followed by longer wavelengths that leads to the formation of a "comma-shape" spectrum 
(indicated by the arrow on Fig. 2-b).  

The possibility of operating in regions with controllable negative dispersion slopes and zero dispersion point 
that are well into the wavelength regimes of interest to telecommunications represent the first step towards 
controlling nonlinear processes in large air-filling fraction PCFs widening the spectrum of possible applications 
that these fibers allow. 
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Fig. 2: Behavior seen for three different pump wavelengths in a PCF with dispersion curve given in 
Fig.1-a. (a), (b) and (c) are plots of the power-dependent spectra for pumping at λ=1400 nm,  
1510nm and 1550 nm and these wavelengths are indicated by the black points on the dispersion curve 
(Fig.1-a). The gray scale corresponds to the field intensity (black corresponds to high intensity). A 
and N indicate the anomalous and normal dispersion regimes, and the dashed line represents the zero 
dispersion wavelength of the fiber. 

 


