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Semiconductor lasers lab 
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Research topics:   - Optical neurons  
      - Optical rogue waves 

 

Group on Dynamics,  
Nonlinear Optics and Lasers (DONLL)     

UPC Campus Terrassa 
www.donll.upc.edu 

 
 



 Since lasers were invented in 1960, many 
different types have been developed. 

 Semiconductor lasers (diode lasers) represent 
more than 90% of the laser market because:  

o Cover wide range of wavelengths 

o Are compact, fast, reliable and inexpensive 
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 Diode lasers changed the way we live 
and work, by being used in 

o Telecommunications (Internet) 

o Optical data storage (CDs, DVDs) 

o Barcode scanners, laser printers 

o Sensing 

o Biomedical applications 

 In the presence of external 
perturbations diode lasers display 
nonlinear behaviors. 

 Studying these behaviors can lead to 

o Better understanding of light-
matter interactions 

o Improved laser performance 

o Novel applications 

Semiconductor lasers 



 Controllable experiment 

 Spiking, neuronal-like activity 

 We use advanced statistical 

tools to assess the similarity 

with neuronal spikes. 

Feedback-induced spiking intensity:  
Potential for laser-based optical neurons 



Video at: http://tv.upc.edu/continguts/continguts/neurones-optiques/ 
Read more at: http://www.fisica.edu.uy/~cris/lasers2.htm 

http://tv.upc.edu/continguts/continguts/neurones-optiques/
http://tv.upc.edu/continguts/continguts/neurones-optiques/
http://tv.upc.edu/continguts/continguts/neurones-optiques/
http://www.fisica.edu.uy/~cris/lasers2.htm


 Rogue waves (extreme freak waves) occasionally 
occur in ocean waters. 

 Extreme events with similar characteristics occur in 
other systems (acoustics,  optics, financial markets). 

 In laser systems, optical rogue waves are anomalous, 
ultra-high intensity pulses.  

Detection 
system: 
photo 

detector, 
Oscilloscope 

& PC 

 First demonstration of deterministic optical rogue waves (PRL 2011) 
 Demonstration of control and total suppression of optical rogue 

waves (Physical Review A 2014, Optics Express 2014). 

Optical Rogue Waves 



Optics and Photonics News, 
Optical Society of America,  

February 2012 



Climate Networks 
 

People involved: Ignacio Deza, Giulio Tirabassi, 
Laura Carpi, Cristina Masoller 
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Our climate: a very complex system of interacting sub-
systems acting on a wide range of time-scales 

Courtesy of  Henk Dijkstra (Ultrech University) 17/11/2014 



 We use advanced statistical tools to analyze empirical climate data 
and to construct networks where the nodes cover the Earth surface 
and the links represent climate interdependencies (teleconnections).  

Network Degree Distribution: El 
Niño region is the main hub. 

Teleconnections of El Niño region 

Complex network representation 
of climate dynamics 

Short Video on the directionality of teleconnections 
(red: outgoing links; blue incoming links) 

http://www.fisica.edu.uy/~cris/videos/Directional.mp4


Read more at: climatelinc.eu 

First school of LINC Training Network  

 Studying these long-range 
teleconnections can lead to 
o Better understanding of ocean-

atmosphere phenomena 

o Climate model testing and inter-
comparison 

o Improved climate predictions 

 Collaborators  
o S. Havlin, A. Gozolchiani (Israel) 

o J. Kurths (Germany) 

o E. Hernandez-Garcia (Mallorca) 

o H. Dijkstra (The Netherlands) 

o M. Barreiro (Uruguay) 



 EOARD Project FA9550-14-1-0359 (2014-2016).  

 “Semiconductor laser complex dynamics: from optical neurons to 

rogue waves”. Principal Investigator: C. Masoller 

 

 ICREA Academia award, Generalitat de Catalunya (2010-2014).  

  

 MCI Spain Project FIS2012-37655-C02-01(2013-2015). 

 “Stochasticity in Nonlinear Complex Systems” 

  

 European Union FP7-PEOPLE-2011-ITN-289447 (2011-2015).  

 “Marie Curie Initial Training Network: Learning about Interacting 

Networks in Climate”. Principal Investigator: C. Masoller 
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