Optical Voltage Imaging with charge coupled fluorescence of
diamond colour centres
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Cultured neurons to model the brain




Voltage Imaging
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Thermal considerations
Coupling considerations
Limited resolution and scale

Muller, J. et. al. Lab Chip (2015), 15, 2767



Optical Voltage Imaging
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Optical Voltage Imaging
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The NV colour center in diamond
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The NV colour center in diamond
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Charge coupled fluorescence
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Lillie, S. E., Dontschuk, N.,et. al. (2019). Physical Review Applied, 12(2), 24018.



Coupled how?




Band description
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Done before.
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Charge state manipulation of qubits in diamond

Bernhard Grotz!, Moritz V. Hauf2, Markus Dankerl?, Boris Naydenov?, Sébastien Pezzagna3, Jan Meijer3,
Fedor Jelezko?, Jorg Wrachtrup1, Martin Stutzmann?, Friedemann Reinhard! & Jose A. Garrido?
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B = 0.0002 % mV-?

Modulation of nitrogen vacancy charge state and
fluorescence in nanodiamonds using
electrochemical potential

Sinan Karaveli*™", Ophir Gaathon®“", Abraham Wolcott>“%?, Reyu Sakakibara®, Or A. Shemesh®*"/, Darcy S. Peterka?,
Edward S. Boyden®"™, Jonathan S. Owend, Rafael Yuste?, and Dirk Englund®?
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Can it be better?

1

n—ﬁm ‘

Intensity (a.u.)

/ 600 700 800

7 nm Wavelength (nm)




Easiest improvement
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What next? o
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Guidance!

B = eCegpr (1 —D)
kTCgp; + pxe*D(1 — D)

L ess NV is more.

B=4% mV?tis an upper limit

Want very thin ensembles

Want ultra-shallow ensembles



How do we get to the best spot?
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Demonstration
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Limit?
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McCloskey, D.*, Dontschuk, N.*, et. al. Nature Photonics, 16, 730.

Improve EDL capacitance
Improve cell confirmation

Brighter colour centers
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If we have time...




A new old way
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