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Complex dynamics in a semiconductor laser 
with feedback

SLs are easy to control

Easy to inject light into the 
internal cavity

Show a high dimensional 
dynamics due to the feedback 
delay time t.
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Non-Linear dynamics in a semiconductor laser with feedback

C. Quintero-Quiroz; J. Tiana-Alsina; J. Romà; M. C. Torrent; C. Masoller. “Quantitative identification of 
dynamical transitions in a semiconductor laser with optical feedback”, Sci. Rep. 6, 37510 (2016). 



Methods: Symbolic analysis, the Bandt and Pompe approach

M = Series Length > 104 events
D = Word dimension = 3 



Language structure of a semiconductor laser with 
feedback

Symbolic time-series 
analysis, captures changes in 
temporal correlations of 
intensity fluctuations and 
quantifies the onset of the 
spiky and fully developed 
chaos regimes.

C. Quintero-Quiroz; J. Tiana-Alsina; J. Romà; M. C. Torrent; C. Masoller. “Quantitative identification of 
dynamical transitions in a semiconductor laser with optical feedback”, Sci. Rep. 6, 37510 (2016). 

Emergency of the LFFs

Well developed LFFs

Coherence Collapse regime



Similarities between semiconductor laser with feedback and 
neuronal spikes.

Laser-based photonic neurons can provide a novel, inexpensive and 
controllable experimental set up for improving our understanding and 
control of neuronal activity.

Neuronal spikesOptical spikes



Similarities between semiconductor laser with feedback and 
neuronal spikes.

Laser-based photonic neurons can provide a novel, inexpensive and 
controllable experimental set up for improving our understanding and 
control of neuronal activity.

Neuronal spikesOptical spikes

Is the information encoded neuronal spikes 
sequence?



Neuron data

Single auditori neuron of a squirrel 
monkey subject to a sinusoïdal 
sound stimuli   

Laser data

Laser with feedback subject to a 
weak periodic external signal

Similarities between semiconductor laser with feedback and 
neuronal spikes.

ISI distribution indicates that neurons and lasers have a similar 
response to external periodic forcing 

A. Longtin et al PRL (1991) A. Aragoneses et al Optics Express (2014) 



Similarities between semiconductor laser with feedback and 
neuronal spikes.
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J. Tiana-Alsina; C. Quintero-Quiroz; and C. Masoller. “Comparing the dynamics 
of periodically forced lasers and neurons” New J. Phys 21(10), 2019.



From excitable dynamics to 
optical imaging and sensing



Exploiting nonlinear effects for developing diode-laser-based, low-
coherence light sources for imaging applications 

A speckle pattern is an intensity pattern 
produced by the mutual interference of a set of 
wave fronts.

It occurs in diffuse reflections of 
monochromatic light. Speckle 

contrast
Standard 
deviation of the 
intensity
Mean value of 
the intensity

Speckle is undesirable for many applications but contains 
useful information that can be exploited in some applications.
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Exploiting nonlinear effects for developing diode-laser-based, 
low-coherence light sources for imaging applications 

Problem: The roughness of the 
retina in the scale of the 
wavelength of the laser light 
produces speckle.

Double-Pass imaging system to 
evaluate the quality of the eye

Standard solution: place a 
vibrating mirror in the light 
beam (that moves the beam in the 
retina but not in the camera)  
Long-term misalignment 

We propose an all-optical 
solution based on the 
broadening of the optical 
spectrum due to optical feedback



Statistical properties of speckle patterns at the output of a multimode 
fibre

Ip= 40mA

Ip= 57mA

Solitary laser

Cv=0.17

Cv=0.64

high power  short exposure 
times

low power  long exposure 
times



Statistical properties of speckle patterns at the output of a multimode 
fibre

Ip=33 mA

Ip=60 mA

Laser with feedback

Cv=0.13

Cv=0.26



Conclusions first part

• The speckle contrast is sufficiently low near the 
laser threshold but the light intensity is not high 
enough to be used in the double pass imaging 
setup.

• The speckle contrast for a laser subject to optical 
feedback is low enough and the light intensity high 
enough to be used in the double pass imaging 
setup.



Speckle is undesirable for many applications but contains 
useful information that can be exploited in some applications.

Exploiting optical chaos for novel speckle-based 
sensors 



Exploiting optical chaos for novel speckle-based 
sensors 

C. Barcellona et al. “Remote recovery of audio signals from 
videosof optical speckle patterns: a comparative studyof signal 
recovery algorithms”, Optics Express 28(6) 2020.






Exploiting optical chaos for novel speckle-based 
sensors 

Computational cost for the recovery algorithms Performance of the recovery 
algorithms

• For low volume (−39.9 dB) the methods MIT, ML, CC 
and 1 PIX perform reasonably well

• For moderate volume (−26.6 dB), the MIT, CC and 1 
PIX correlation coefficients decrease slightly while 
the ML method keeps the same performance

• For the highest volume (−19.7 dB), the ML method 
outperforms the other ones



Increasing the speckle contrast using a frequency selected 
feedback (i.e. optical feedback from a diffraction grating)

Feedback (mirror)
Cv =0.42

Feedback 
(grating)
Cv =1.13



Conclusions second part

We have performed an experimental study on the remote recovery of audio signals 
from the silent videos of moving optical speckle patterns.

Our optical technique for remote sound recover can allow to make non-contact 
vibration measurements with the advantage of being an inexpensive setup that uses a 
low-cost diode laser and a low-cost CCD camera.

We expect an improvement on the recovery algorithms at low amplitudes for high 
speckle contrast. 



Thanks for you attention!!
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