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Abstract

This study investigates the applicability of the Tinkham equation in determining the
electrical conductivity of thin films via terahertz spectroscopy, using the generalized
equation as the theoretical benchmark. Simulations across a range of film thicknesses
(1-1000 nm) and conductivities reveal that the Tinkham equation yields accurate
results (error <1%) only when the film thickness is significantly less than the terahertz
wavelength and skin depth, and the conductivity remains low. Beyond a thickness of
approximately 245nm or at higher conductivities, the error increases markedly,
indicating the limitations of the Tinkham equation under these conditions. For instance,
in semiconductor applications involving polycrystalline silicon films with typical
thicknesses of 30—100 nm and conductivities ranging from 10? to 10* S/m, the Tinkham
equation is applicable primarily within the lower conductivity spectrum (102-10° S/m).
These findings underscore the necessity of pre-assessing material parameters to ensure
the validity of the Tinkham equation in terahertz spectroscopic analyses of thin films.
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Error vs Conductivity and Film Thickness (=2% shown in red)
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