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Parameters

Table 1: Model parameters.
Parameter Value (units) Explanation
Neuron biophysics
r 2.5 (µm) Radius of neuron cable

σi 1.67 (Sm−1) Intracellular conductivity

Cm 1 (µFcm−2) Specific membrane capacitance

Er,Na 55 (mV) Reversal potential of sodium current

Er,K -72 (mV) Reversal potential of potassium current

Er,L -60 (mV) Reversal potential of leakage current

ḡNa 120 (mScm−2) Maximum conductance of sodium current

ḡK 36 (mScm−2) Maximum conductance of potassium current

ḡL 0.3 (mScm−2) Maximum conductance of leakage current

Electrical physics
σsol 1.6048 (Sm−1) Electric conductivity of 0.154 M (0.9% w/v) NaCl at 25◦C [1]

σAu 58.1 × 106 (Sm−1) Electric conductivity of gold vias

σsilicon 10−12 (Sm−1) Electric conductivity of silicon substrate

εr,sol 99 Relative permittivity of physiological solution1 [2]

εr,Au 1 Relative permittivity of gold vias [3]

εr,silicon 11.7 Relative permittivity of Si substrate

RgW 10 Ω Resistance of cable connecting the ITO and ground electrode

Liquid Crystal
d 3 (µm) LC cell thickness

θ 32 (◦) Tilt angle [4]

p0 200 (nm) Helical pitch [4]

Ec 1.56 (Vµm−1) Critical electric field [5]

ε0 8.854 × 10−12 (Fm−1) Vacuum permittivity

τc 19.3 (µs) Characteristic relaxation time of the LC [6]

εs 33.3 Static LC permittivity [6]

ε∞ 3.5 High frequency LC permittivity [6]

no 1.5 Ordinary refractive index of LC [5]

ne 1.72 Extraordinary refractive index of LC [5]

ε′′ 0.01 i Imaginary part of the LC dielectric constant

Optical
ng 1.52 Refractive index of glass

λ 1.55 (µm) Wavelength of light

β 30 (◦) Angle between the incident linear polarisation and the polariser

w0 10 (µm) Beam waist radius

z0 7 (µm) Beam waist position

Bilayer physics

dOHP 5 (
◦
A) Distance from outer Helmholtz plane to via metal [7]

ε0 8.854 × 10−12 (Fm−1) Permittivity of free space

z 1 Number of electrons involved in interfacial gold redox

e 1.602 × 10−19 (C) Electron charge

Ut 0.0259 (V) Thermal voltage at room temperature

n0 154NA (m−3) Bulk number density of ions in 0.154 M (0.9% w/v) NaCl
1 Based on body fluid estimate at 10 Hz

1



Numerical solvers

The time-dependent finite element models were solved using the PARDISO di-
rect fully-coupled solver. Model results were outputted at 20 kHz. An adaptive
backward differential formula time stepping routine was used with maximum
order 5, absolute tolerance 0.001 and relative tolerance 0.01.

Meshing

Different meshes were used for Stages 1 and 3 of the modelling pipeline (Fig.
3). Stage 1 models were meshed using a mix of edge, triangular, quadrilateral,
tetrahedral, and prism element types. For the temporal response analysis (Fig.
7), the elements of the neuron were set to have a maximum length of 25 µm.
The edges of vias and via-electrolyte boundaries had a maximum element size
of 2.5 µm, and the LC and via/silicon layers swept with 8 and 35 elements,
respectively. For the spatial response analysis, the elements of the neuron were
set to have a maximum length of 25 µm. The edges of vias and via-electrolyte
boundaries had a maximum element size of 25 µm, and the LC and via/silicon
layers swept with 3 elements each.

Stage 3 models were meshed using rectangular elements with maximum edge
sizes 75 nm in the z direction and 10 nm in the x direction. This choice ensures
that there are at list 20 points per wavelength in the z direction and 20 points
per helix pitch in the x direction.

Quadratic Lagrange or quadratic discontinuous basis functions were used for
all FEA simulations.

Transition boundary condition

In COMSOL, the transition boundary condition is used to model layers that
are geometrically, but not electrically, thin. It represents a discontinuity in the
tangential electric field between two regions, indicated by the subscripts 1 and
2, described by the relations:
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ZSEt1 − ZTEt2

Z2
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−iωµ
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k
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(4)

k = ω
√

(ε+ (σ/(iω)))µ, (5)

where Js is the induced surface current density and ε, σ, µ are the permittivity,
electrical conductivity and permeability of the layer’s material, respectively. In
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our simulations we used ε = −96.957+11.504i [8], σ = 0, µ = 1 and ω = 2πc/λ,
where c is the speed of light, λ = 1.55 µm.
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