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Abstract 
 
The challenge of establishing access to large brain areas at the scale of single neurons has occupied 
neuroscientists and engineers for decades, but current methods, based on optical approaches, magnetic 
resonance or microelectrodes, are still limited with respect to the accessible spatial and/or temporal scale. 
Among these techniques, microelectrodes remain the most precise transducers of electrophysiological signals 
from single neurons, but they are typically limited in the number of accessible neurons. 
During this seminar, I will present an emerging approach based on the design of microelectronic circuits that is 
used to realize new generations of devices and probes able to record electrophysiological signals at sub-
millisecond temporal resolution, from several thousands of closely spaced microelectrodes. While introducing the 
technological concepts behind these probes, I will focus on the experimental results achieved so far on 
increasingly complex neuronal systems, ranging from cultured neuronal networks, brain slices and retinal whole 
mounts. These case-studies will highlight the capabilities of these devices to literally image extracellular electrical 
signals and how to exploit them for studying the properties and responses of neuronal networks and brain 
circuits. Finally, I will introduce an emerging approach based on plasmonic nanostructures that allows to 
establish intracellular couplings and that can be combined with these high-resolution electrode array devices. 
This is a promising approach that might enable to perform multiscale monitoring at single-cell resolution of 
molecular and electrical signals within networks. 
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