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Abstract In this study, we designed a metamaterial-based terahertz multi-band sensor integrated with microfluidic
channels. We simulated the reflection spectra of the sensor during the detection of ethanol-water mixtures containing
different concentrations of ethanol. The simulation results show that an increase in the ethanol concentration
correlates with a decrease in the reflectivity at the resonant dips and a blue shift of the resonant frequency. We
analyzed the quantitative relationship between resonant frequency or reflectivity of the sensor with ethanol
concentration, which is in turn used for the prediction of the ethanol concentration in an ethanol-water mixture.
Three resonance dips are used for predicting the ethanol concentration and the predicted errors are smaller than 1%5.
The above results demonstrate the utility of the terahertz time-domain spectroscopic technique in the rapid, real-
time, and infinitesimal material identification and bio-sensing.
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Fig. 1 Structural diagram of proposed sensor. (a) Lateral view of sensor; (b) unit cell of the metamaterials-based sensor’s cap
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Table 1  Debye model parameters of ethanol and water
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Fig. 2 Dispersion curves of ethanol-water mixtures with different mole fractions of ethanol. (a) Real part of permittivity;

(b) imaginary part of permittivity; (c) refractive index; (d) absorbance
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Fig. 3 Electromagnetic response of sensor. (a) Reflection spectrum of sensor; (b) surface current distributions at

different resonant dips; (c¢) electric field lines at resonant dip B; (d) electric field intensity distribution at resonant dip B
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Reflection spectra and sensitivity of sensor. (a) Simulated reflection spectra of sensor when refractive index of

dielectric in microfluidic channel changes; (b) resonant frequency of each reflection dip in reflection spectra versus

refractive index of dielectric in microfluidic channel; (c) sensitivity of each reflection dip in reflection spectra
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Fig. 5 Calibration of sensor. (a) Reflection spectra of sensor filled with ethanol-water mixtures under different mole
fractions of ethanol; (b) resonant frequency of sensor versus ethanol mole fraction; (c) reflectivity at resonant dips
of sensor versus ethanol mole fraction
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Fig. 6 Predicted ethanol mole fraction and error by sensor.

(a) Predicted ethanol mole fraction;

(b) error between predicted ethanol mole fraction and real one
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