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Development of a minimally invasive tTIS system and its potential application.
Transcranial temporal interference stimulation (tTIS) offers a new way to non-invasively modulate deep brain regions by delivering multiple high-frequency electric fields that produce a low-frequency envelope at the region of interest, surpassing the depth-focality trade-off limitations of conventional transcranial stimulation techniques (e.g., Wessel, Beanato et al., 2023; for review Hummel & Wessel 2024). Yet, its clinical application is limited by low stimulation field strengths and spatial control, due to current shunting and dissipation at the scalp and skull, and safety restrictions on total current (Rampersad et al., 2019; Cassara et al., 2025) 

Minimally invasive, subcutaneous implantable electrodes can address these barriers by allowing higher current amplitudes and more precise steering through closer proximity to the brain (Lee et al., 2022; Khatoun et al., 2021). Current advances in high-density flexible electrodes, miniaturized implantable pulse generators, and wireless data/power transfer systems provide the technological foundation for next-generation neurostimulation devices (Sarica et al., 2021; Stirling et al., 2021).

Assignment
Develop a technical concept for a minimally invasive, subscalp tTIS device designed to deliver steerable, multi-site deep brain stimulation. Your system should feature a strategic electrode array (~24–32 channels: stimulating and sensing), an implantable or semi-implantable pulse generator (iPG), and a safe, simple surgical approach. Identify major engineering challenges, such as electrode materials and miniaturization, as well as a clinical or research application that exploits the advantages of epidural tTIS over transcranial or intracranial solutions.

Challenges and Design Questions:
Electrode Configuration and Surgical Approach
Propose a solution for deploying a flexible, multi-electrode array subcutaneously, with minimal incisions. Configuration should enable programmable steering to multiple targets (e.g., striatum, hippocampus, thalamus, STN), supporting both stimulation and closed-loop sensing.

Electrode Materials and Longevity
Specify materials that are biocompatible and flexible, able to maintain properties for long term subcutaneous use. Distinguish optimal dimensions for both stimulating and recording electrodes.

Powering and Data Communication
Suggest engineering solutions for miniaturizing the iPG (similar to contemporary subcutaneous DBS iPGs), or leveraging wireless power and telemetry to external devices.
Address the challenge of continuous bidirectional data transfer for continuous sensing and closed-loop stimulation.

Clinical/Research Use-Case
Imagine a potential use case, leveraging the advantages of the designed system (wearable, continuous closed-loop deep brain stimulation).
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