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Topic/ Context 

 

The cost, size and energy consumption of the electronic equipment that controls the flow of data across 

the Internet rapidly increases along with the rate and amount of data that are exchanged across the 

network. This calls for the development of new technologies that avoids as far as possible relatively 

slow and power hungry electronic/ optical conversion. In parallel, the increase of the microprocessor 

performance (clock frequency rate…) is limited by the thermal energy dissipation in electrical wires, 

which motivates research activities on intra- and inter-chip optical interconnect. In this context, the 

European projects GRAPHICS (2015-2020) aims to develop integrated photonic devices that are 

compact and ultra-fast, for all-optical information processing, i.e. the routing and manipulation of 

data without using electronics. This project will explore and develop a new technology based on hybrid 

graphene/ semiconductor platforms for directly managing the data in the optical domain, while 

enabling the convergence between photonic and microelectronics, via the realization of CMOS 

compatible platforms. The recent advances on silicon photonics have resulted in the realization of 

sophisticated on-chip functionalities that enable to route and modulate optical signals in addition to 

transferring and detecting light [1]. Optical switches, or devices that can convert optical signals in 

wavelength and in a quasi-instantaneous manner without using electronics have been demonstrated [2]. 

However, the optical properties of crystalline silicon remain limited for these applications. Most 

importantly, the nonlinear response at the core of these devices is accompanied in silicon by additional 

optical losses (two photon absorption, free carrier generation) that strongly restrict the output power of 

the processed signal and the operation speed of these devices. Alternative materials are sought for in 

order to improve the performance of these devices, in terms of compactness and power consumption 

[3]. The GRAPHICS project aims at combining the standard semiconductor approaches (Si, SiNx, 



 

 

 
 

SiGe…) and nanofabrication processes on these platforms that are very mature with the promising 

optical properties of graphene. In the long term, the complementarity of the devices targeted by 

GRAPHICS should contribute to draw a new generation of integrated photonic circuits, where graphene 

could play a key role for processing the information at ultra-high bit rates. 

The goal of this PhD is to explore how graphene can be integrated onto photonic devices on-chip 

for all-optical information processing. Since the Nobel prize was awarded on graphene in 2010, the 

number of applications foreseen for this monolayer of carbon material continues to grow and its relevant 

optical properties should translate into a high impact for this material in optoelectronics [4]. Its saturable 

absorption, in particular, which is wavelength independent and relatively fast, is attractive for realizing 

lasers that deliver a train of fast optical pulses. Recently, a relatively high nonlinear (3) response has 

been measured in graphene, which is one order of magnitude larger than in crystalline silicon [5,6]. It 

is particularly attractive for realizing routing devices of optical signals that are controlled by another 

optical signal. The objective of this thesis, funded by GRAPHICS, will be to study how graphene can 

be efficiently used in this context. One of the scientific challenges will be the use of nanophotonic 

concepts (slow light [7], microcavities) for enhancing the interaction, otherwise relatively weak, 

between light and the graphene carbon monolayer.  

 

PhD work and skills to be developed 

 

This PhD combines both theoretical (design of photonic crystals or other structures with tight optical 

confinement, nonlinear effect simulations…) and experimental studies (contribution to the clean-room 

device fabrication, optical linear and nonlinear characterization). The INL clean-room (NANOLYON) 

will be used as well as the characterization setups of the Nanophotonic team already available (nonlinear 

butt-coupling setup) or to be optimized/ developed (pump-probe characterization and study of the 

dynamic response of graphene). The PhD student will jointly work with the INL team involved in 

GRAPHICS as well as the staff recruited on the project. 

 

Required applicant skills 

 

The required skills for the PhD student will be a good knowledge and a solid background in the field of 

solid-state physics, optics, and semiconductor devices. S/he should possess a Masters or Engineering 

degree in a field apposite to one of these areas. An experience in photonics, clean-room fabrication or 

optical modeling and characterization will be strongly appreciated. 

 
Contact : 

Christelle.monat@ec-lyon.fr, christian.grillet@ec-lyon.fr, xavier.letartre@ec-lyon.fr  

 

Application procedure  

The application should be sent by email and contain at least a CV, a motivation letter, the marks obtained 

during the master (M1, M2 and rank if available), and the contact details of two potential referees. 
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