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From Jorfi et al. 2015 and Bocquelet et al. 2017 

• Electrocorticography (ECoG)
• Micro-Electrocorticography (µECoG)
• Stereo-Electroencephalography (sEEG)
• Intracortical microelectrode arrays (MEAs)
• Endovascular (Stentrodes)

Implantable neural interfaces
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Implantable technologies (endovascular and ECoG)

WIMAGINE

4096 µECoG flex elec/array, wireless

64 elec
wireless
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Implantable technologies (intracortical)

64-96 intracortical rigid elec/array (up to 6 arrays so far), tethered

421 intracortical rigid elec/array (up to 
4 arrays), wireless

battery

1024 intracortical flex elec/array, robot implantation, wireless
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Upcoming implantable technologies

battery

Low-cost
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Towards extensive brain interfacing
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Restoring walking with implantable BCIs

Lorach et al. Nature 2023
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Restoring communication with implantable BCIs

Jude et al., MedRxiv 2025

Willett et al., Nature 2021
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Restoring speech with implantable BCIs

Moses et al., NEJM 2021
Metzger et al., Nature 2023
Luo et al., Adv. Sci. 2023
Littlejohn et al., Nat Neuro 2025

Card et al., NEJM 2024
Jude et al., bioRxiv 2025
Wairagkar et al. Nature 2025
Kunz et al. Cell 2025

ECoG Intracortical
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Hickock and Poeppel, Nature Rev Neurosci, 2007

Implications: privacy of thoughts with speech BCIs

Cambridge Q Healthc Ethics, 2019
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Towards neuromorphic brain interfacing

Goal: low-power automatic
signal processing embedded
inside brain implants to avoid
heavy data transmission

Solution: Spiking Neural 
Networks (SNNs) compatible 
with very-low-power 
neuromorphic hardware

Broccard et al. JNE 2018 De Salvo, ISSCC 2017

Sourikopoulos et al. Front 
Neurosci 2017
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Example : neuromorphic spike sorting algorithms

EN 16 54485
WO2018100325A1
Werner et al., Front Neurosci, 2016
Bernert and Yvert, IJNS, 2019 

Pokala et al., 
Nat Comms, in press
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Neuromorphic computing hardware

TEXEL chip: 180 neurons, 10,440 plastic synapses
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Neuromorphic brain interfacing
Closed-loop coupling between SNNs and cortex
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Implantable neurotechnologies: Ethical implications

• Answering patients’ needs and expectations

• Positive benefit – risk balance

• Affordability / accessibility

• Therapeutics vs. enhancement

• Data safety and privacy

• Dual uses

• Accountability

• Privacy of thoughts with speech BCIs

• Preserving agency and subjectivation

• Coupling with Virtual Reality

è Need for clever regulations
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Thank you for your attention


