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Maxwell-Garnett theory:

For an N-phase composite medium consisting of randomly distributed subwavelength inclusions,
Macroscopic effective permittivity €.+ can be analytically derived from the as:

5__21,

Eeff + 2“m n=1 €in + 2‘

where
P, and g€, are the volume fraction and relative permittivity of the N-th inclusion in this mixture
€,, is the relative permittivity of host matrix (nanopores filled with air, i.e. €, = 1)

The effective relative permittivity is given by:

_ 2epqmo(l — 8) + (1 + 26)

EMMO 1 — 6+ emmo(2 + 9)

Eumo is metal oxide host matrix of relative permittivity
6 is the volume fraction of air nanopores

Eeff

Use transmission line (TL) approach

the reflection coefficient at the input of MMO surface can be derived as
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