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Estimating electric potential: a single electrode.

Below we assume the current delivered by the stimulation electrode (/) a fixed amount.
We consider a Cartesian coordinate system (X,Y,Z) centered at the electrode, where the Z axis is
oriented perpendicular to the electrode surface and goes in depth across cortical layers; the
axes X and Y are oriented parallel to the surface and electrode plate (see Sla Fig.). To a first
approximation, we assume that the current / across the insulating layer of the electrode is
uniform over the electrode surface. Each infinitesimally small element of the electrode dS then

produces a current source

dl === = tdxdy (1

Where S is the electrode surface and dS = dxdy is the infinitesimal electrode element. Here, the
pair (x, y) locates the current source on the surface of the squared electrode (where Z=0). The
elemental current source produces a tissue potential at distance L from the source given by
i = pel dxdy @
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where p, is the resistivity of the tissue, S = A? is the surface area of the electrode, A is the size

of the electrode and / is the total current generated by the electrode. Note that the distance

can be expressed as L = /(X — x)% + (Y — y)2 + Z2, where the capitalized letters identify
coordinates in the cortical volume, and the lowercase letters mark coordinates within the
electrode surface. Hence, the potential in the Cartesian coordinate system (X,Y,Z2) is given by
Pel Af2 dxdy
(I)(X, Y; Z) - 4T A2 ff_A/z \/(X—x)2+(Y—y)2+ZZ (3)
The integral form of equation (3) is due to the need to compute the contribution of the entire
electrode surface area A as a source of electrical current. However, at large distances the finite
size of the electrode has a nominal effect on the electrical field. Indeed, the rapid decay of
potential with respect to distance from the source is evident (S1b Fig ). Note that for tissue
locations further away from the electrode plate, the point-source approximation provides the
following simplified expression to compute the electrical potential field,
o(X,Y,2) = Pel . (4
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This estimate well approximates our exact solution (in equation (1)) at a distance from
the electrode, however it fails for locations right below the electrode plate, where the finite
size of the electrode should be taken into account (S1c Fig.). This distinction is particularly
relevant when considering the potential field in cortical layers | and I, immediately below the
surface, which are also the most affected by stimulation due to the decay of ® with depth.
Hence, we emphasize that close to the electrode, the point-source approximation does not
yield an estimate that can be used to predict precisely the effect of cortical stimulation.
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S1 Fig. Electric potential under electrode plate and its effect on axonal fibers (the case of
anodal stimulation is shown). (a) Schematic representation of the electrode in the coordinate
system (X,Y,Z). Electrode is located on the surface (gray), center of the coordinate system
corresponds to the center of the electrode. (b) Electric potential ®(X,Y,Z) on the plane Y=0
(marked by red in panel (a)). (c) Comparison of the electric potential induced by point source
(eqg. (4), dashed curve) and finite-size square plate (eqg. (3), solid curve) at varying depth Z and
fixed X=Y=0. (d) Top panel shows schematic representation of the electrode (red) and
horizontally oriented axon (green) on (X,Z) plane (Y=0). Bottom panels show potential ®(x) and
activating function 92®(x)/dx? along axonal fiber (anodal stimulation). (e,f) Activating
function for horizontally (e) and vertically (f) oriented fibers as a function of coordinates X,Z on
the plane Y=0. Black solid curves separate areas of depolarization (red) and hyperpolarization
(blue). Note that for cathodal stimulation the activating function is exactly opposite (area of

depolarization and hyperpolarization are interchanged).
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