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Fig. 1. (a) Geometry of the unit structure of EIT-like metamaterial, a« = 30 pm, / = 104 pm, g = 2 pm, w =5 pm, s = 7.5 pm, P =

120 pm; (b) schematic diagram of sensing, ng,, for sample refractive index, H,,, for sample thickness; (c) transmission spectra of

EIT-like structures, wires and SRRs; (d) curve of the frequency shift of the sensor changing with the refractive index, illustrated

with the corresponding transmission spectra of different refractive index samples.
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Fig. 2. (a) Surface electric field of unit structure at 1.067 THz; (b) schematic diagram of sample movement; (¢) corresponding trans-

mission spectra of samples at different locations.
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Fig. 3. (a) Global and local corresponding transmission spectra without sample; (b) global and local corresponding transmission

spectra with samples on right sides; (c) global and local corresponding transmission spectra with samples on both sides; (d) schem-

atic diagram and transmission spectra of different number of sample traps, illustrated with 3D enlarged view of the sample trap at

the gap.
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Fig. 4. Verification of the feasibility of the sensor with sample traps for ultra-micro sensing: (a) Schematic diagram of unit struc-

ture of sensor with empty sample traps and with photoresist-filled sample traps; (b) simulation transmission spectrum of sensor

with empty sample traps and with photoresist-filled sample traps; (c) photo of the sensor with sample trap; (d) microscopic photo-

graphs of the sensor with empty sample trap and the photoresist filled sample trap; (e) the transmission spectrum of the sensor

measured by the terahertz spectrum system.
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Fig. 5. Application of EIT-like sensor using sample trap: (a) Curve of the frequency shift of the sensor changing with the refractive

index, illustrated with the transmission spectrum of samples with different refractive index; (b) transmission spectrum correspond-

ing to different biological samples.

Tl AR NSRRI B R BB FE A i i AR R S B A IR S
Table 1.  Double Debye dielectric relaxation model parameters and sensing results of water, human skin and rat skin.
€oo €2 €s T1/ps T2 /ps Af/GHz AA/%
K 3.5 4.9 78.4 0.18 52 31.94
AR 3.0 3.6 60.0 0.20 42 22.09
PNV 3.0 3.6 60.0 2.2—5.19 0.20 42 46.82
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Abstract

A metamaterial sensor implemented by using sample traps based on terahertz electromagnetically-induced-
transparency-like (EIT-like) effect is proposed. The basic unit structure of the sensor is composed of a metal
wire and a pair of split ring resonators (SRRs), which are coupled to produce EIT-like effect. The full width at
half maximum of transparency peak is 178 GHz obtained at 1.067 THz, and the maximum transmittance of the
transparency peak is 89.71%. The sensing characteristics of the structure are studied, and the sensitivity per
unit volume is 178 GHz/(RIU-mm?®). The analysis of electric field distribution at the resonant frequency point of
the metamaterial indicates that the electric field at the gap of the SRRs on both sides is strongest. Sample traps
are constructed at the gap where the electric field is strongest. The photoresist is filled into the sample traps as
the object to be measured, and 50 GHz frequency offset is successfully measured, verifying that the sample trap
structure can be applied to sensing. With samples placed in the sample traps, the sample volume is reduced to
the ultra-micro level, and the sensitivity per unit volume is increased to 5538 GHz/(RIU-mm?®), which is 31 times
higher than original one. The successful identification of water, human skin and rat skin samples show that the
metamaterial sensor implemented by using sample traps has potential applications in the field of ultra-micro
detection.
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