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Context of the
research
activity

Modelling spontaneous generation of frequency combs states in quantum
cascade lasers and study of their classical and quantum correlation
properties for applications to high resolution spectroscopy and/or quantum
information/communication.
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Objectives

The PhD student will simulate and theoretically analyze the coherent multi-
mode dynamics and in particular the formation of Optical Frequency Combs
(OFCs) in bipolar semiconductor lasers emitting in the Mid-IR and THz region
of the electromagnetic spectrum known as Quantum Cascade Lasers
(QCLs) both in the standard Fabry-Perot and in the novel ring configurations.
OFCs are a set of equidistant optical lines characterised by low phase and
amplitude noise that in recent 20 years have witnessed a rapid progress in
applications to high-precision spectroscopy, frequency synthesis, high-data
rate optical communications etc..
Although their classical and quantum correlation properties are candidate to
play an important role in many applicative contexts as in quantum
technology, the latter have been scarcely studied so far. The research work
of the PhD student will help to fill this gap in the Mid-IR and THz and it will also
provide a better understanding of the physical mechanisms behind the OFCs
spontaneous formation in the system.

In the framework of a novel national network on QCLs meant to create a solid
link among the main theoretical and experimental groups working on QCLs
from devices modelling to their implementation and characterization, the PhD



student will collaborate with leader researchers in the QCL scientific
community at Consiglio Nazionale delle Ricerche – (Istituto di Nanoscienze in
Pisa and Istituto Nazionale di Ottica in Firenze) where QCLs are realized and
thier emission states are characterized and at the Politecnico di Bari where,
almost ten years ago, a now consolidated reference model for the study of
QCLs dynamics and the OFC formation wad proposed and implemented.
Moreover, a visiting period of the PhD student may be foreseen at
outstanding international research Institutes and Universities such as
Harward University (Cambridge, USA) and Telecom Paris (Paris, France)
within already well-established collaboration programs. The project will be
carried on under the scientific supervision of Prof. Lorenzo Luigi Columbo and
Prof. Mariangela Gioannini at the Department of Electronics and
Telecommunications (DET) of the Politecnico di Torino.

Skills and
competencies
for the
development of
the activity

• Solid knowledge of modern optics and optoelectronics.
• Experience in numerical calculus using Matlab.
• Good level of English, spoken and written.
• Good attitude towards team-work.


