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Dual epsilon-near-zero effect
assisted broadband electro-optic
modulation
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To date, several groups have studied and demonstrated
silicon-based E-O modulator with small footprint and
high speed using ENZ effects from the integrated TCOs
materials. The E-O modulation was achieved upon tun-
ing the carrier density of TCOs to match or mismatch the
ENZ condition. Those previous studies have normally
considered TCO as the sole active medium but seldom
explored the carrier dispersion effect in silicon gate,
which may hinder the possible contributions from E-O or
even ENZ responses from silicon.

The research group of Prof. Chen from Jinan University
propose a new spatial light modulation strategy which in-

corporates a dual material’s ENZ effect. While the free-
carrier dispersion effect in silicon is frequently used in
electro-refraction modulator, their results highlight the
possibility to achieving similar ENZ confinement in sili-
con as the TCO materials. The proposed spatial light
modulation scheme is based on a semiconductor-insulator-
semiconductor (SIS) nano-capacitor. Imagining from a
parallel plate capacitor, equal and opposite surface
charges (Qs) will induced by an external voltage bias.
According to Drude theory of free carrier, the complex
permittivity for both the accumulation and inversion lay-
ers of the SIS structure are carrier concentration depen-
dent. It ’s possible to manipulate the permittivity
crossover wavelengths (i.e. ENZ points) of the surface
layers in the two different materials via external voltage
biasing.
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