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Fig. 1. (a) Periodic array structure; (b) top view of unit structure; (¢) side view of unit structure.
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Table 1.  Geometric parameters of the unit structure.
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Fig. 2. Simulation curve of sensor absorption characterist-

ics in the absence of analyte.
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Fig. 3. The electric field distribution of the sensor at the

resonance frequency. (a) Electric field distribution at f;; (b)
electric field distribution at f.
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Fig. 4. The current distribution of the sensor at the resonance frequency: (a) Surface current distribution at f;; (b) surface current

distribution at f;; (c) floor current distribution at fi; (d) floor current distribution at f,.
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Fig. 5. Absorption characteristic curve of substructure.
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Fig. 7. Effect of rotating angle on the absorption spectrum: (a) Rotating angle of the inner ring; (b) rotating angle of the outer ring.
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Fig. 10. (a), (b), (c) are the absorption characteristic curves of different periods P, different substrate thicknesses, and different sub-

strate materials; (d) transmission characteristic curves of the transmissive sensor structure.
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Fig. 11. (a) Absorption characteristic curve and (b) frequency shift and linear fitting of the analyte to be measured with the change

of refractive index.
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Table 2.  Comparison of the proposed sensors with the sensors in the references.
Design Operating band/THz @-factor Sensitivity /(GHz/RIU) FOM Absorption/%
SCHR[L7) 0.1—1.0 29.3 85 3.58 99.83
SCHR[25) 0.4—1.0 30.5 537 19.2 99.8
ik [26] 0.1—2.0 — 66 — 99.7
SCHR[27] 1.0—3.0 22.05 300 2.94 99.9
SCHR[28) 0.2—1.4 44 300 15 99.9
This work 0.7—2.5 32.1 693.7 9.8 99.98
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Fig. 13. The influence of different intermediate dielectric
layer materials on the offset of the sensor resonance fre-

quency f; and f, and its linear fitting.
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Fig. 14. (a) Absorption spectra of the sensor under TE and TM polarized electromagnetic waves; (b) absorption characteristic

curves at different incident angles; (¢) absorption characteristic curves at different azimuth angles.
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Table 3. Refractive indices of ethanol-water solu-

tions at different concentrations.

Ethanol-water solution ,

concentration (%) c "
100 2.6 0.66 1.63
90 2.7 0.7 1.66
80 2.9 0.82 1.72
70 3 0.83 1.75
60 3.2 0.98 1.81
50 3.6 1.2 1.92
40 3.78 1.43 1.978
30 3.7 1.9 1.982
20 4.2 2.4 2.13
10 4.4 3.1 2.21
0 4.73 4.07 2.34
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Fig. 17. Absorption characteristics curve of ethanol-water

mixture at room temperature: (a) Low frequency; (b) high

frequency.
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Abstract

Terahertz metamaterial biosensor is a label-free affinity sensor that enhances the strength of the local
electromagnetic field. It is extremely sensitive to changes in the dielectric constant of the surrounding
environment, thereby providing a new method of detecting micro or trace biological samples. In this work, a
highly sensitive terahertz refractive index metamaterial absorber sensor for detecting the biological sample is
proposed. The sensor consists of two concentric open metal rings and is a multimode resonator. With two
independent adjustable operating bands in a frequency range of 0.7-2.5 THz, i.e. 1.079 THz and 2.271 THz, the
sensor can observe different electromagnetic effects of the sample in the terahertz band. We evaluate the
performance of terahertz sensors with indicators such as absorption characteristics and sensitivity. The sensor
possesses the absorption higher than 99.9% in free space. In addition, the large Q value indicates that the sensor
provides high frequency selectivity characteristics. Especially, the sensitivity of the sensor achieves 693.7
GHz/RIU, with a minimum refractive index change of 0.004 for the detection of biological samples, which
provides good sensing performance. In the proposed sensor, a flexible material with low dielectric constant is
used, which has the advantages of biocompatibility and portability and shows high stability at the 0°-60°
oblique incidence angle and within 4% fabrication error. Moreover, the detection effectiveness of the sensor is
verified by simulation experiments with ethanol-water mixtures. The sensor units designed in this paper have
small interactions among them, work stably and are easily fabricated The sensor can significantly enhance the
interaction between light and matter and has broad application prospects in terahertz high-sensitivity

biosensing detection.
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