Cotutelle PhD position in thin film technologies and optical properties
Control of the mechanical stress induced by dielectric thin films to engineer optical
properties in semiconductor materials and devices
General information:
- Duration: 36 months
- Starting date: October 1st, 2019
- Location: Institut de Physique de Rennes / Institut FOTON (Rennes-1 University, INSARennes and CNRS, France) and Engineering Physics Department, McMaster University
(Hamilton, Ontario, Canada)
- Supervisors: Professor Peter Mascher (McMaster University), Professor Jean-Pierre
Landesman and Professor Christophe Levallois (Rennes)
Positioning of the research project:
Changing and tuning locally, by an external stimulus, some of the fundamental properties of
the materials involved in semiconductor device manufacturing is nowadays a wellestablished approach (“properties on demand”). Using a locally stressed thin film
(“stressor”) could allow for the control of the optical properties, opening the route to the
development of new concepts for photonic devices. If applied for example to the tuning of
the local optical index of a semiconductor material like indium phosphide, this would permit
simpler manufacturing procedures for optical waveguide components such as required in
the optical telecommunication industry. This has been proposed already in the early 2000s
for the design of optical semiconductor waveguides (“photoelastic waveguides”) but not too
much developed. A number of research groups and companies are presently involved in this
type of project. Common recent work between McMaster U. and Rennes-1 aimed at better
understanding and modelling the mechanical stress field induced by thin films on
semiconductors like InP opens interesting ways for the investigation of stressor effects.
Detailed description:
The proposed project will address different questions:
- How to control and understand residual stress during the growth of dielectric films (SiO x,
SiNx) on semiconductor substrates? The growth technique that will be used at McMaster will
be mainly plasma enhanced chemical vapor deposition, widely used in the semiconductor
industry. Although this is an old problem, the understanding is still rather empirical.
- How to measure accurately the stress field induced locally in the semiconductor substrate
by the stressed dielectric film? Different descriptions are available in the literature, but
recent experimental developments in our groups and in other collaborators’ groups (CEALETI Grenoble – France, University Valladolid - Spain) give evidence that more effects need
to be included. In particular the anisotropic part of the crystal deformation has not been
properly taken into account.
- Can we propose an accurate numerical model that could be used in the design of devices
such as photoelastic waveguides? Can we also use such a model to explain effects observed
by manufacturers of such devices, thus allowing for a correction?

- The project will also focus on demonstrating new applications of the stressor concept to
design photonic devices based on the photoelastic effect in materials such as InP, GaAs, or
even Si.
The experimental resources available at McMaster U. are the different reactors for the
growth of dielectric thin films and tools for their characterization (e.g. spectroscopic
ellipsometry), the clean room equipment for simple processing operations, and the facilities
of the Canadian Center for Electron Microscopy. In Rennes, we will make extensive use of a
unique stress measurement set-up (degree of polarization of the photo-luminescence) as
well as other tools available (especially spectroscopic ellipsometry, microRaman and
microPL), and also of the Comsol tool for numerical simulations. Cathodo-luminescence
experiments will also be performed.
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Qualifications :
M.Sc. or engineering diploma with skills in at least one of the following areas:
- physics of semiconductor materials and devices
- optical characterization
- thin film growth and processing
Contact persons :
Peter Mascher: mascher@mcmaster.ca
Jean-Pierre Landesman: Jean-Pierre.Landesman@univ-rennes1.fr
Christophe Levallois : Christophe.Levallois@insa-rennes.fr

