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human embryonic kidney cells (HEK 293-ChR2) were employed,

as proxies for electrogenic cells such as neurons. Two types of

devices were fabricated for each stimulation method: bare multi-

electrode arrays (bMEA) and coaxial multielectrode arrays

(cMEA). Figure 1 upper shows a schematic of an individual

coaxial electrode, with its constituent materials. In Figure 1
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comprised of a single coax, we made the geometry of the

simulation as to compare a single coaxial structure with

conventional MEA technology (a single, flat, cylindrical pad).

While our experimental arrays feature multiple coaxial structures

within a single sensor region, the simulations represent a

conservative estimate of field overlap since the experimental
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electrodes in reducing crosstalk. These results are summarized in

Figure 5, where one can see that the effective crosstalk coefficient

for the shielded electrodes is significantly lower than that for the

bare electrodes for all distances greater than a few micrometers

from the source. This corresponds to signifi
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multielectrode arrays, a coaxial or similarly locally-shielded

architecture could be utilized. While current state-of-the-art

electrode arrays (e.g., HD MEAs, CMOS-based multiplexing

sensor arrays, neuropixels) achieve high density, crosstalk

represents a rate-limiting effect on spatial resolution.

Conversely, the present coaxial architecture, in addition to

achieving even higher pixel density than presented here

(nothing in the fabrication process prevents us from pushing

the pixel density into the nanoscale), is able to reduce electrical

crosstalk and thus maintain high spatial resolution. Theoretically,

the shielded architecture can improve until the thermal noise

floor becomes dominant. For nanoscale coaxial arrays, using the

Johnson-Nyquist noise equation as a first order approximation,

one should still have a practical S/N ratio with a noise floor of
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cMEA region, so as to leave Cr covering 28 sensing areas and to have

subsequent address lines coming fromeach area. To expose the cMEA

inner metal, an anisotropic lithographic process was combined with

subsequent wet etching in order to lower the heights of the Cr and

alumina layers. The resulting outer metal to inner metal height ratio

was ~0.6. Two plastic wells fabricated using a 3D printer were

attached with PDMS to contain an electrolyte buffer solution

(aCSF) within the bare and coaxial electrode regions.

In preparation for experiments, the bMEA and cMEA regions

were characterized by measuring DC resistance (in air) between

the individual electrodes for the bare electrode region and between

all terminals (inner and outer electrode as well as inter-electrode)

for the coaxial region. Typical resistances were in the GΩ range,

indicating no shorts in the circuit. Capacitance of the coaxial

samples was also measured and those results checked against the

calculated values according to the equation for a coaxial capacitor:

c � 2πlε ln(router/rinner). Measured values were within 10% of the

calculated values, with differences attributed, in part, to stray

capacitance originating from the unshielded portions of the

coaxes. Additionally, the devices needed to be sterilized prior to

cell culture. This was done by placing them in a sterilization

packet: a bag which contains a scaffold that expands to let steam

pass to its inner contents during the sterilizing process and then

contracts during a cooling phase to insulate the inside from any

foreign contaminates. The packet was placed inside a steam

autoclave and a standard dry process was run at 100°C for
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