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•500% more neurotech patents in the last 12 years
•2026: Market increase by +75% to 17.1 billion USD

Global NeuroTech Industry Investment Digest 2021 
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Daly & Wolpaw, Lancet Neurology, 2008

MEGNIRS



Birbaumer et al. 1999, Nature



Andy Schwartz Lab, 
University of Pittsburgh 2008

John Donoghue Lab, 
Brown University 2012

Bolu Ajioboye, Case Western 
University, 2018

Brock Wester, Johns Hopkins 
University, 2019



Willett et al. 2021, Nature



Neuralink Inc.



Synchron Inc.



Wenger et al. 2016, 
Nature Medicine Lorach et al. 2023, Nature



• Involves risks of infections and bleedings
•No certification for permanent use
•Cannot be used outside the laboratory
•Removal or repair requires another surgery

Fernández et al. 2014, Front Neuroeng; Bublitz, Gilbert & Soekadar 2023, Nature Medicine





before after BCI training
Ramos-Murguialday et al. 2013









Ushiba & Soekadar, 2016, Prog Brain Res
Colucci et al., 2022, Neurorehabil Neural Repair

Timecourse of neurorehabilitation towards independence in daily life





•Assistive and restorative neural interfaces are effective 
clinical tools to improve autonomy in severe paralysis

•Repeated use of brain/neural exoskeletons can lead to 
neuroplasticity triggering neurological recovery

•There's no reason to doubt that such plasticity extends 
beyond the motor domain; it likely also applies to other 
areas, such as cognitive control and emotion regulation

Summary I



Scangos et al. 2021, Nature Medicine 

„(…) the emo1ons and the darkness
were overwhelming“ 

“At first, within a few weeks, the suicidal
thoughts just disappeared. Then it was just 
a gradual process. It was like my lens on the
world changed“







Stimulation OFF Stimulation ON

Soekadar et al. 2014, Front Neurosc. 

ISSN 1053-8119
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NeuroImage
Editor-in-Chief

Peter BandettiniSpecial Issue:
Transcranial electric 
stimulation (tES) 
and Neuroimaging

Soekadar et al. 2013, Nature Communications



AM-tACS and reconstruc1on of source ac1vity
absence of AM-tACS during 11Hz AM-tACS

Witkowski et al. 2016, NeuroImage



Flicker-EEG phase difference

Haslacher et al. 2021, Neuroimage

Haslacher et al. 2024, Brain Stimulation



Quantum Sensors
Zerfowski et al. 2021, ICBEM
Zerfowski et al. 2022, BioMagSoekadar et al. 2015, Cereb Cortex

Helium-cooled MEG

EEG: very limited spatial precision, 5 - 25 Hz
MEG: best noninvasive imaging tool, 0 - 250 Hz 
but: helium-cooled, static



• successful recovery of evoked brain responses
during transcranial electric brain stimulation

Stimulation OFF Stimulation ON

Jonany et al. 2023, Brain S1m. Conf. Lisbon



Jonany et al. 2025, in preparation



§ no implanta@on
§ mm-precise modula@on

of the deep brain
§ flexible targe@ng 
§ no sensory confound

(muscle/nerve s<mula<on or
clicking)

Temporal Interference Magnetic Stimulation (TIMS) 

Nasr et al. 2023, Brain Stim Conf. 



Interest to purchase? 
Contact Wilson Chan

ANT Neuro



Quantum Sensors
Zerfowski et al. 2021, ICBEM
Zerfowski et al. 2022, BioMagSoekadar et al. 2015, Cereb Cortex

Helium-cooled MEG

EEG: very limited spaMal precision, 5 - 25 Hz
MEG: best noninvasive imaging tool, 0 - 250 Hz 
but: helium-cooled, staMc



BNCI2 

Consolidator Grant
2025-2030



Neurobiological Approaches
e.g., Neurotechnology, 
Psychopharmakology, 

Psychedelics

Digital Mental Health
e.g., mobile apps

telepsychiatry
wearables & sensors

AI & data analysis

Psychotechnology



Neuroethics und Neurorights





New Era of Human-Machine Interaction 
before: Human decides, machine/tool follows
now: Machine/AI decides autonomously, or 

Human decides, machine  finds best solution 
(collaborative interaction) 

future: scenario 1: fusion of brain/mind and machine 
(transhumanism, technology sets the limits)

scenario 2: humanistic augmentation
→ Technology augments human capabilities, but 
remains a tool at service to the human user



NeuroTech Innovation Ecosystems

🤝 Open Innovation Hub: Academic-Industrial Partnership 
& Clinician Innovators

🔧 Regulation: NeuroTech Sherpas & Simplification 

💰 Financial Support: VC-Funds >15 Mio. €



Neurotechnology 2040 –
human at the center

🧠 human centred & based on ethical principles

⚕ established in preven@on, treatment and rehab

📜 reliable regulatory & ethical framework



Summary

• Neurotechnology improves quality of life in various 
condiMons (stroke, SCI, ALS etc.)

• The combina@on of neuromodula@on and AI extends 
applicability towards mental health

• NeuroTech innova@on ecosystems with clinical validaMon
hubs are key



surjo.soekadar@charite.de


