
  Integrated neurophotonics:  
    Towards dense volumetric interrogation of brain circuit activity 

    – at depth and in real time 

 



Abstract 



Massively parallel interrogation of brain activity   





Conventional electrophysiology 
Background: intracellular v. extracellular Ephys 

 
 



Electrical recording: The present state-of-the-art  





Beyond conventional Ephys: Free-space functional imaging  

 



Functional imaging at depth 



Microendoscopy and microfiber-based imaging 



Status quo: Large-scale, volumetric functional imaging 

Molecular reporters and optogenetic actuators 



 



Advanced calcium reporters 

Voltage reporters 



Neurochemical reporters 



Chromophore excitation 
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Multiplexing limits of free-space optical interrogation  

Signal-to-noise ratio limits to the depth of imaging  
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Structured Illunimination  



Acousto-optical techniques 

Implantable microscopes 

Emission-related limitations  



The integrated neurophotonics paradigm 



A fundamental concept: Source localization in highly scattering brain tissue 



Computational lens-less functional source separation and localization 
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The formalism 





The role and importance of system architecture

Architecture 1: Partial separability 



The de-mixing process 



Time-domain data acquisition 



Computational modeling: Interpretation and insights  

Architectures 2,3, and 4: Enhanced separability 





 

Photonic neural probes: The technological building blocks  





Passive E-pixel arrays 



Optogenetic simulation with microscale beams: First experiments  

Spatial addressing of E-pixels 

Scanning microbeams (coherent beam-forming phased arrays) 



Implantable probes for light-sheet illumination at arbitrary brain depths 

Current limitatons and developments 



Active D-pixel arrays: SPADs 
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Co-Integration of D- and E- pixel arrays 



Conclusions and projections 
The integrated neurophotonics paradigm: Status quo 



What is the requisite technological “basis” for mapping brain circuits? 
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