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Abstract: The sensing and detection of the biomolecule Terahertz(THz) spectrum fingerprint is
performed based on Complementary Metal Oxide Semiconductor(CMOS) controllable metamaterials,
using a Spintronic THz Emitter device. The spintronic THz spectrum fingerprint of three different
biological samples were benchmarked with results using THz photoconductive antennas. The results show
that the feasibility of measuring biological samples with spin terahertz source is verified. At the same
time, a frequency based biomolecular THz sensing scheme is proposed by utilizing CMOS controllable
metamaterials. Finite element models are built based on the performance test and the biosensing process
of the CMOS controllable metamaterial devices. Five CMOS controllable metamaterials were designed
with center frequencies related to the absorption peaks of the biomolecules under test. The simulation
results show that the resonance frequency has a red shift with the increase of voltage, and the maximum
red shift is up to 40 GHz. This paper provides experimental and theoretical foundations for building
miniaturized and integrated biomolecular THz sensing systems.
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Fig.1 Schematic diagram of biological fingerprint spectrum detection
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Tablel Parameters of tablet

serial number sample name undoped sample thickness/mm 50% doped sample thickness/mm
1 4-aminobenzoic acid 0.95 1.38
2 B-lactose 1.52 1.24
3 L-arginine 0.84 1.75
4 CcocC 1.29 —
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(a) THz time domain spectroscopy schematic diagram (b) spectrum of spin test (c) on chip structure of photoconductive antenna test

Fig.2 Schematic diagrams of terahertz time domain spectrum system and terahertz source
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(c) p-lactose transmission spectrum (d) L-arginine transmission spectrum

Fig.3 Terahertz spectrum
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Fig.4 Transmission and absorption spectra of test samples
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Fig.6 Frequency changes of the three biological samples at different concentrations within and outside the control range
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Table3 Comparison between spin system and photoconductive system

terahertz source bandwidth/THz  biometric peak (4—aminobenzoic acid)/THz size structural complexity
photoconductive antenna 0.1~4 0.6, 0.8, 1.3 not easy to reduce in size requires additional electrodes
spintronic terahertz emitter 0~2 0.6, 0.8, 1.3 reduced size and easy integration no bias needed
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3 iR
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PRE R AE RSO 9 AN, R BT R A G 0 S TR PN 1 R AE e R I S R —BUW AR A, TR L F A
A 0 31 B 22 A 0 TG SR I e AR B 7 B AR S R ARSI RS o X IEEH T CMOS A VR R T AR W R L AR AE
W AT 0 1 43 5 %) TT AT 1, TR IR 3 T BE R 2% R Y T A i RE R, WU T A BEUR S5 CMOS A5 U5 A kLR 1 4R
B, SEEL/INRAR (A 1 2 THz A8 9 00008 4 10 ORI A7
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