
 
 
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright 
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 

 Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 

 You may not further distribute the material or use it for any profit-making activity or commercial gain 

 You may freely distribute the URL identifying the publication in the public portal 
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
  
 

   

 

 

Downloaded from orbit.dtu.dk on: May 23, 2023

Conversion efficiency and bandwidth of inter-modal four wave mixing in two-mode
optical fibres

Begleris, I.; Friis, Søren Michael Mørk; Parmigiani, F.; Horak, P.

Published in:
Proceedings of Photon16

Publication date:
2016

Document Version
Publisher's PDF, also known as Version of record

Link back to DTU Orbit

Citation (APA):
Begleris, I., Friis, S. M. M., Parmigiani, F., & Horak, P. (2016). Conversion efficiency and bandwidth of inter-
modal four wave mixing in two-mode optical fibres. In Proceedings of Photon16

https://orbit.dtu.dk/en/publications/9baae95a-0b37-4530-8589-7d4fc3a8eaf6


Conversion efficiency and bandwidth of inter-modal four wave 
mixing in two-mode optical fibres 

  
I. Begleris, S. M. M. Friis, F. Parmigiani, and P. Horak   

 

FWM is a non-linear process where two or more wave propagating throughout a fibre 
result in a production of frequencies different to that of the input waves. Space 
division multiplexing and in particular mode division multiplexing (MDM) have 
shown promises in overcoming the capacity limit of single-mode fibres for optical 
telecommunications. Over long distances MDM systems would result in processes 
like inter modal FWM (IM-FWM). If such systems are to be used commercially, they 
will require methods of switching data signals between wavelengths and spatial 
modes. An attractive solution is provided by four-wave mixing (FWM) where two 
strong pump fields convert the signal into an idler field at another wavelength. 
However, applications of intermodal FWM (IM-FWM) for telecommunications in 
multimode fibres are relatively new. Recently, two potentially interesting IM-FWM 
processes have been identified: phase conjugation (PC) and Bragg scattering (BS) 
[Essiambre et al., IEEE Photon. Technol. Lett. 25, 539 (2013)].  
 
Here we investigate conversion efficiencies and spectral bandwidths of PC and BS in 
a two-mode optical fibre as potential mode/wavelength conversion systems using two 
numerical models and compare with experimental results.  
 

The first model uses the coupled amplitude equations for FWM [Agrawal, Nonlinear 
fiber optics, Academic Press (2013)] which take into account self and cross phase 
modulation and FWM between the four wavelength channels involved. This model 
was found to agree with experimental results of the PC idler. However discrepancies 
are found for BS, which we attribute to simultaneous and/or cascaded FWM processes 
within the same fibre.  Thus we use a second, more sophisticated model, the multi-
mode nonlinear Schrödinger equation [Poletti & Horak, JOSAB 25, 1645 (2008)] 
which, contrary to the first model, includes all third order nonlinear processes 
simultaneously and is additionally able to predict cascaded FWM processes that 
occur throughout the spectrum. We compare the differences between the two models, 
analyse the contributions to the BS and PC idlers from multiple FWM processes 
within the spectrum, and finally present comparisons to experimental results. 
 


