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Proposed PhD Research Topic
for a three-year research program at the
Institute of Electronics, Microelectronics and Nanotechnology
[image: ]     Micro-robotization of a Cochlear Implant     [image: ]

1) Background of the Research Topic: 
Cochlear Implant are an essential solution for patients suffering from severe to profound hearing loss. They consist of two main components:
(i) an external processor integrating a microphone, batteries, signal-processing electronics, and a transmission antenna;
(ii) an implanted stimulator comprising stimulation electronics, a receiving antenna, and a standard stimulation electrode (SE).
The external processor captures surrounding sounds and transmits the information to the implanted stimulator, which converts it into sequences of electrical pulses. These pulses are then delivered to the SE in order to stimulate the auditory nerve and restore auditory perception in the patient.
A standard SE generally consists of a silicone carrier supporting approximately twenty platinum electrodes arranged as rectangular contacts with a surface area of about 0.5 × 0.4 mm, distributed over a length of approximately 2 cm. By comparison, the human cochlea has a diameter of approximately 1 mm. The SE is designed to be inserted as deeply as possible into the cochlea, typically reaching about 1.5 to 2 turns of its helical structure.
The surgical implantation of a standard SE involves risks for the delicate structures of the inner ear. The electrode is inserted into the scala tympani, a perilymph-filled compartment, without the surgeon having direct feedback regarding the progression of the implant within this structure. Electrode insertion becomes particularly critical beyond depths of 6 to 10 mm: at this stage, the radius of curvature of the scala tympani changes abruptly (from 3.6 mm to approximately 1.2 mm). This geometric transition results in increased contact between the electrode and the lateral wall of the cochlea, leading to a sharp rise in insertion forces.
Such conditions may cause electrode deformation, damage to surrounding tissues, injury to spiral ganglion cells, or translocation of the basilar membrane. These structural injuries subsequently trigger inflammatory responses and fibrotic processes, ultimately leading to deterioration of postoperative auditory performance. Preserving the integrity of intracochlear structures therefore represents a major challenge for optimizing clinical outcomes.
It is therefore unsurprising that efforts aimed at achieving less traumatic insertion of standard electrodes have intensified, and that the cochlear implant industry, surgeons, and researchers have investigated modifications to both the device and the implantation procedure in order to maximize hearing preservation. The current state of the art indicates that no effective control strategy for a thin-film stimulation electrode (TFSE) currently exists. The current status of this research topic within the laboratory is described in the following article: https://ieeexplore.ieee.org/abstract/document/10052348

2) Research Objectives of the PhD Thesis
* The primary objective of the project is to optimize the current TFSE by replacing gold with platinum or a platinum/iridium compound. This material is commonly used by manufacturers in the field for standard stimulation electrodes, notably by Cochlear, owing to its highly suitable electrochemical properties. This material substitution will require adaptation of the current microfabrication process. The PhD candidate will fabricate TFSEs using a photosensitive polymer exhibiting excellent fracture resistance.
Regarding the electrode/tissue interface, the possibility of applying coatings onto the platinum stimulation electrodes will be investigated in order to reduce electrical impedance and increase charge injection capacity. Electrochemical characterization of the TFSE electrodes will be carried out in an artificial perilymph electrolyte. Chronopotentiometric measurements will be performed to determine the stimulation safety limit of 216 µC/cm²/phase (as defined by the AAMI standard), as well as the charge injection capacity and charge storage capacity. Finally, electrochemical impedance spectroscopy will be used to determine impedance values and phase variations before and after stimulation. These parameters will be optimized in order to approach the performance levels of standard stimulation electrode arrays.
A sensor will be integrated into the TFSE using a microfabrication procedure similar to that employed for the electrode itself. This sensor will enable real-time determination of the TFSE curvature state and provide feedback in the event of excessive contact forces or deformations exerted by the TFSE on the cochlear walls.
* The second objective will consist in performing insertion tests of active TFSEs using a synthetic 3D-printed cochlear model. This transparent model will enable video recording of the insertion procedure, as well as verification of electrode behavior, curvature variations, final positioning of the active TFSE, and sensor response. The results will be analyzed jointly with French Institute for Research in Computer Science and Automation (Defrost team, Inria Defrost Team) and the Institut de l’Audition (IdA Pasteur, Institut de l’Audition) for initial clinical validation studies. 
* The third objective will be to directly connect the 22 stimulation channels of the TFSE, together with the actuator and the sensor, to the microprocessor through dedicated electrical feedthroughs. The interconnection between a thin-film device and rigid wired feedthroughs represent a major technological challenge. This connection will have to withstand environmental constraints including handling, surgery, traction, and bending, and will undergo several validation tests, notably tensile, flexural, and electrical leakage tests, in order to verify compliance with ISO/AAMI standards applicable to cochlear implants. Accelerated aging tests will also be conducted to evaluate robustness and identify failure modes such as delamination, cracking, or corrosion. 
This PhD project will support the activities of the ANR PRCE ACCESS 2024 research program, validated by the French National Research Agency (ANR) at the end of 2024. The project requires the PhD candidate to actively collaborate with partner laboratories through continuous exchange of data and expertise. The consortium brings together multiple scientific disciplines whose complementary expertise must converge toward a comprehensive solution.
The PhD candidate will be responsible for a research topic in micro-mechatronics, while maintaining continuous interactions with PhD students, postdoctoral researchers, and scientists from the LPPI laboratory (Cergy-Pontoise), French Institute for Research in Computer Science and Automation, and Institut de l’Audition. The candidate will therefore need to become familiar with the scientific concepts and terminology specific to each discipline.
The PhD candidate will also work in close collaboration with the end-user company Cochlear, particularly regarding the interconnection aspects. In addition, the candidate will be responsible for evaluating the microfabrication processes in order to ensure compatibility with industrial manufacturing constraints and to facilitate future technology transfer.

Required Skills
The position is intended for a PhD candidate with a background in micro-mechatronics oriented toward implantable medical devices, possessing skills in microfabrication, electrochemical characterizations, and materials mechanics, and capable of evolving within an interdisciplinary academic–industrial environment. Sensitivity to regulatory constraints and technology transfer issues is also expected. The candidate must demonstrate a high level of autonomy.

PhD Supervisors : CATTAN Éric/ GRONDEL Sébastien
Laboratory : Institut d’Electronique de Microélectronique et de Nanotechnologie : https://www.iemn.fr/
Université Polytechnique Hauts-de-France Le Mont Houy 59313 Valenciennes cedex 9
N° de téléphone : 03 27 51 12 43
E-mail : eric.cattan@uphf.fr – sebastien.grondel@uphf.fr
Date of Registration for the PhD Program: September/October 2026
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