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Fig. 1. Schematic diagram of the THz waveguide resonance

biochemical sensing structure.
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tures (from left to right) show the time-average energy density distribution at h = 9, 13, 17 um, respectively. (d) The variation of

the amplitudes and phases of r12 and 7y, with frequency for a dielectric layer with refractive index ng = 1, thickness h = 13 pm.
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Fig. 5. In TM mode, (a) simulated reflectivity spectra for the same dielectric layer thicknesses h = 13 pm and different dielectric

layer refractive indices ng; (b) simulated reflectivity spectra for the respective optimum dielectric layer thicknesses hope in differ-

ent dielectric layer refractive indices ngq ; (¢) in the case of dielectric layers with different refractive indices ngq , variations in refract-

ive index sensitivity and FOM for the same thickness A = 13 um and for the respective optimum dielectric layer thickness hqpt, re-

spectively.
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Fig. 6. (a) Reflectivity spectra for different refractive indexes of solutions in TM mode; (b) reflectivity spectra for different refract-

ive indexes of solutions in TE mode; (c) refractive indexes of solutions-resonance frequency linear fitting curve for different refract-

ive indexes of solutions in TM and TE mode.
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osine in TM and TE mode at different volume fractions (fc).
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Table 1.  Au-based terahertz sensing structure di-

mensions and performance parameters.
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Abstract

A highly sensitive terahertz (THz) waveguide resonance biochemical sensor is designed and simulated. The
sensor consists of a silicon prism, a dielectric layer and a nanoporous gold film. The nanoporous gold film acts
as both a THz waveguiding layer and a biochemical molecular enrichment layer, which can enhance the
interaction between the THz waveguide mode and the adsorbed biochemical molecules, consequently improving
the sensor’s sensitivity. When the THz transverse electric (TE) or transverse magnetic (TM) modes are excited
by the prism-coupling method, the THz absorption of the nanoporous gold film results in the sharp resonance
dips in the THz reflection spectrum. The resonance frequencies of the THz waveguide modes and the sensitivity
to either liquid refractive index (RI) or adsorbed molecules can be determined with the measured reflection
spectra, and the sensor’s sensitivity and its figure of merit (FOM) can be improved by adjusting the thickness
and RI of the dielectric layer. The simulation results at 45° incidence angle indicate that the resonance
frequencies of the TE and TM modes of the sensor linearly change with increasing either liquid RI or the
amount of adsorbed molecules, and the RI sensitivity and the FOM with the TM mode are 13.42 THz/RIU and
167.70/RIU, respectively. Compared with the TM mode, the TE mode has a lower sensitivity to lgiuid RI but a
high sensitivity to adsorbed molecules. The reason for these differences is that with the TE mode the evanescent

field penentrating out of the nanopous gold film is weaker than that with the TM mode.
Keywords: terahertz, nanoporous gold film, biochemical sensing, high sensitivity
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