5500 % 4511 KRN =ZE58BFEEFR Vol.20, No.11
2022 4 11 H Journal of Terahertz Science and Electronic Information Technology Nov., 2022

NEHS: 2095-4980(2022)11-1113-10

KR 2B AT L A DA T N R A SR R

TEH T, KEES, XEW, EHF, MANF, KKK, NKRE, BRI’

(L7 ARTA RS (FR TR, & 77N 5100065 2. R5EHI T2 b BF TRSFEEIELE, 4K A58 523808;
3. L E TR b FE R SR TR, LI 200093)

B OE. EMEEN—HEEHETDERRNATIEAM, RSB EASEORE, &
Wt R M- 2FTNER., AMZEABTEALTHRER., YA R LB FRE
finFloEEREt, AR S5EMBES, TXANEDY R RERN, BRBEZEE NI F
FHWTZKE, RXRE T HIUE KRR Z MM A B & 2 F 40 40 fa A 9103 b B4 oy 3
B, BANBT AMZAMBERBNEREEmMEEER, LANESRELRIT. WHREE.
DEREWAERMFHBELETHER T AMRZAM B ERBELENDN AR WK B, Bt H
MRERHTRAM. RARNABREHERA TR, FEHRABRAREERE EEMF AR E,
TP REEMBERBOREE, A5 HEADEFRN LA, KB, TARZHEM
HERBNEAREFZ MU ERHTTRE,

KW Kik#; B AR, HR

FESES: 0657.61 XEFRER: A doi: 10.11805/TKYDA2021343

Research progress of terahertz metamaterials in biological detection

applications

DENG Xinxin'?, LIU Bingwei*’, LIU Jingbo®, ZHANG Qinnan’*, HE Xiaoyong®, LING Dongxiong?,
LIU Dongfeng', WEI Dongshan’

(1.School of Information Engineering, Guangdong University of Technology , Guangzhou Guangdong 510006, China ;
2.School of Electrical Engineering & Intelligentization , Dongguan University of Technology , Dongguan Guangdong 523808 , China;

3.School of Optoelectronic Information and Computer Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: As an artificial composite material with extraordinary physical properties, metamaterials
can break through the limitations of conventional materials and open up a new way to design advanced
functional materials. Terahertz waves have the characteristics of low photon energy, no ionization damage
to biological substances, and molecular fingerprints etc. By combining with metamaterials, high—sensitivity
detection of biological substances can be achieved, and it has attracted more and more attention from
scholars at home and abroad. This article summarizes the progress made by terahertz metamaterial sensors
in the field of biomolecule and cell detection in recent years. Firstly, the sensing principle and
performance indices of the terahertz metamaterial sensors are introduced. Secondly, the development of the
terahertz metamaterial sensors in the field of biological detection is described from the aspects of
metamaterial structure design, substrate selection, and combination with microfluidics and new materials.
The sensitivity of the metamaterial sensors can be further improved by optimizing the structure of the
metamaterial, using a thin substrate with low dielectric constant, combining microfluidic technology or
attaching a new material coating to the sensor, and their functions in biomedical detection can be enriched.
Finally, the development trend and prospect of terahertz metamaterial sensors are envisioned.
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Fig.2 (a) Simulated transmission spectra of the EIT-like metamaterial under x— and y—polarized incident waves; (b) relation between the resonance
frequency shift and the peak magnitude variation for mutant and wild—type glioma cells at different concentrations 1**!
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Fig.3 Resonance frequency shift spectra of the whole unit cell (a) and two spots only (b) covered by samples as depicted in insets of the figure®®
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Fig.10 Transmission spectra of control tests: (a) on the Si substrate; (b) on the nano-slot; (c) on the graphene covered Si substrate; (d) on the graphene
covered nano-slit "
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Table! Advantages and disadvantages of different types of metamaterials

metamaterial type advantages disadvantages
thick substrate simple preparation process lower sensitivity
thin substrate reduce absorption and improve sensitivity fragile
EIT-like have a transparent window and the sensitivity up to 496 GHz/RIU transparent window frequency is not fixed
microfluidic liquid sample thickness can be controlled and the sensitivity up to 936 GHz/RIU need to integrate with a microfluidic channel
graphene adsorb small DNA nucleotide molecules to improve detection sensitivity insensitive to molecules without 7—7 bonds
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