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PhD Offer - Reconfigurable stretchable electromagnetic phantoms for
human-centered wireless communications

Supervisors: G. Sacco, M. Zhadobov, and R. Sauleau (IETR, UMR CNRS 6164)

Key words: millimeter-wave (mmWave), 5G/xG, electromagnetic skin, solid phantoms.

Context: Millimeter-wave (mmWave) technologies are increasingly used for various applications requiring high
data rates (> 5 Gbit/s). The frequency bands around 26 GHz and 60 GHz are expected to be integrated in the next
generation mobile systems and in wearable wireless sensors. The use of appropriate realistic body models is crucial
to accurately characterize the communication channel and analyze the antenna performances under well-controlled
reproducible conditions. Experimental tissue-equivalent phantoms have been extensively used for dosimetry and
compliance testing to quantify the exposure levels induced in the human body by a portable wireless device, but
also to study wave propagation around and inside the human body. Over the years, different phantoms have
been proposed. This includes liquid, semi-solid, and solid phantoms that can simulate different body tissues
with electromagnetic properties covering a wide frequency range. Liquid or gel phantoms typically consist of a
container filled with a liquid or gel simulating the dielectric properties of the human body or body parts. Semi-solid
phantoms are usually water-based and employ a solidifying agent to make the material jelly-like. Solid phantoms
are based on ceramics, graphite/carbon, and silicone rubber; they may reproduce complex shapes and have an
extended life-time.

Figure 1: Reconfigurable
stretchable phantom with
anatomical shape for on-
body antenna characteriza-
tion.

Objective of the PhD project: This PhD project aims at the design and characterization
of flexible reconfigurable anatomical phantoms (tissue-equivalent model reproducing the
reflection coefficient of skin) for testing on-body performances of the antennas and wear-
able wireless devices. The phantom topology, materials ensuring the target dielectric and
mechanical properties [e.g., lossy flexible polymers, such polydimethylsiloxane (PDMS)
saturated with carbon], together with the fabrication process will be investigated. Con-
ventional molding will be benchmarked with conformal 3D printing.

Candidate

• Education: MS or equivalent degree in biomedical engineering, electrical engineer-
ing, or physics.

• Background: knowledge in electronics, bioelectromagnetics, numerical modelling.
Experience with commercial or open-source numerical solvers (e.g., CST, An-
sys, SIM4LIFE, COMSOL Multiphysics) and programming skills (e.g., MATLAB,
Mathematica) are welcome but not mandatory.

• Fluency in English: the candidate should be conversant and articulate in English
and must have strong writing skills. Knowledge of French is not required but would
be appreciated.

Research environment: The PhD student will join Electromagnetic Waves in Complex
Media Team (eWAVES) of the IETR/CNRS. IETR is one of the leading EU research
laboratories in electronics, wireless communications, and digital technologies. Our re-
search activities in biomedical electromagnetics cover a wide spectrum of fundamental
and applied research spreading from multi-physics and multi-scale modelling to biomed-
ical radars and advanced technologies for body-centric wireless communications. The
team was at the origin of pioneering innovations in biomedical electromagnetics, includ-
ing the first mmWave tissue-equivalent phantoms, novel reflectivity based surface phan-
tom concept, new broadband multi-physics characterization technique for Debye-type
materials, innovative mmWave textile antennas for smart clothing, ultra-robust miniature
implantable UHF antennas, first mmWave reverberation chamber.

Duration: 36 months
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Advantages

• approx. 7 weeks of annual leave per year + possibility of exceptional leave (moving home, etc.),

• generous statutory benefits: French national health coverage, unemployment allowances, retirement/pension
funds, etc.,

• possibility of subsidized meals, student housing, and partial reimbursement of public transport costs,

• location in one of the most attractive cities in France for professional and non-professional activities [enter-
tainment and culture, sport, gastronomy, etc.]. Train connections: 1:25 to Paris and 0:47 to a seaside.

Funding: Full 3 years scholarship provided.

Application deadline: May 15, 2023

Starting date: October 01, 2023

How to apply: please provide your CV, transcripts, motivation letter, and reference letters (optional) to:

• Giulia SACCO, CNRS (giulia.sacco@cnrs.fr)

• Maxim ZHADOBOV, CNRS (maxim.zhadobov@univ-rennes.fr)

• Ronan SAULEAU, University of Rennes (ronan.sauleau@univ-rennes.fr)
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