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In recent years we have developed optogenetic reagents for neuroscience, starting
with channelrhodopsin-2 (ChR2) and N. pharaonis halorhodopsin (Halo/NpHR), as
well as other novel and useful reagents to be described at this conference (Arch,
spHalo, and Mac), that enable neural circuits to be activated and silenced with
different colors of light. Amongst other reasons for the importance of these
technologies, it is now possible to record spiking activity concurrently with optical
neuromodulation without the fast artifact that commonly results from electrical
stimulation. However, it has been widely reported that metal electrodes undergo a
slow artifact under exposure to light while immersed in brain tissue (or saline),
resulting in electrical signals in the range of Hz to tens of Hz, thus obscuring the
recording of local field potentials or electroencephalography signals. This
phenomenon is consistent with a classical photoelectrochemical finding, the
Becquerel effect, in which illumination of an electrode placed in saline can
produce a significant voltage on the electrode.

Accordingly we set out to devise and test strategies for 1) coating metal electrodes
to make them insensitive to light when immersed in the brain, and 2) developing
linear microfabricated arrays of light-proof electrodes, for high-density recording
of neural spikes and field potentials (in the style of the “Michigan probe”). For
both of these strategies, we turned to the transparent conducting material indium
tin oxide (ITO). For the coating protocol: dipping 50 pm-diameter nichrome wire in
ITO nanoparticles of 20 nm diameter (resuspended to a concentration of 25% in

isopropanol) ten times, each time followed by sintering at 500°C for 30 minutes in
air, resulted in wires that responded to light with optical artifacts 10x lower than
normal nichrome, while retaining an impedance similar to electrodes used for
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neural recordings. For the linear arrays: dense linear arrays of electrodes were
fabricated from ITO-coated substrates using conventional MEMS-based methods,
yielding linear probes with many (e.g., 40) recording sites, while maintaining a thin,
tissue damage-minimizing (e.g., 150 x 150 pum) cross section. The electrodes have
an impedance (measured in saline, at 1 kHz) of 1 megaohm, with no detectable
light artifact.

We will test the use of such electrodes to perform artifact-free neural recordings
during optical neuromodulation, enabling the systematic analysis of real-time
neural dynamics via causal neural control tools. For translational efforts, such
devices as described here may be important for optimizing optical neural control
for treatment of intractable brain disorders.
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