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Abstract – A novel approach to enhance the redshift of optical solitons is proposed in which 
the profile of a tapered PCF is designed such that the soliton experiences an optimal level of 
dispersion at each point along the tapered region. 
 
Summary:  
 The soliton self-frequency shift (SSFS) is a process by which high peak-power pulses  
propagating in an optical fibre experience a redshift due to the induced, inelastic scattering of 
light off the molecules of the fibre material [1]. This redshift is enhanced for narrow pulses 
since the correspondingly broader pulse spectrum overlaps the gain spectrum of the material 
more appreciably, allowing a greater degree of intra-pulse scattering. One significant 
application of the SSFS has been in the design of tunable fibre based sources, with particular 
interest being directed toward the infrared [2]. Enhancing the rate of SSFS would therefore 
lead to sources with a broader wavelength range in a smaller geometry. 
 To date, the demonstrations of this effect have employed uniform lengths of fibre, or 
tapered fibres with a uniform waist [2]. In such geometries the SSFS may be limited in two 
ways. First, in both tapered and untapered fibres, an increase in the magnitude of the 
dispersion towards the red at the carrier frequency leads to pulse broadening as the soliton 
shifts towards the red end of the spectrum, thus retarding the rate of this shift. This may be 
somewhat overcome by appropriate tapering which can increase the nonlinearity and reduce 
the dispersion of the fibre in the region of interest. However, the two zero dispersion 
wavelengths (ZDWs) delineating the region of anomalous dispersion are generally shifted 
towards the blue by the tapering process, thus reducing the maximum wavelength attainable 
by the soliton. 
 We put forward the concept of an ideal taper profile in which the limiting ZDW is 
moved to longer wavelengths with increasing distance along the fibre, at a rate corresponding 
to (or less than) the rate of soliton redshift. The soliton then sits in the pocket of the ZDW 
where the dispersion is low and is lead to longer wavelengths along with it. In this way the 
two limitations outlined above may be overcome simultaneously. 
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