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Terahertz broadband absorption spectrum enhancement based on

asymmetric dielectric meta-grating on a metal substrate
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Abstract: Terahertz molecular fingerprinting is a promising method for label-free detection, particularly for
micro or trace amount samples in practical applications. However, the wavelength of terahertz waves is much
larger than the size of the molecules to be tested, resulting in a weak interaction between the waves and the
matter. To address this challenge, additional structures are needed to enhance the absorption of electromag-
netic waves by trace amount samples. In this study, we constructed an inverted asymmetric dielectric grating

structure on a metal substrate. By utilizing guided-mode resonance (GMR) and a bound state in the con-
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tinuum (BIC) effect, the terahertz absorption spectrum of thin film samples was significantly enhanced. The

enhanced absorption spectra can be easily obtained by measuring the reflected absorption signal. The samples

are coated on the flat back of the inverted dielectric grating, which simplifies the preparation process. For in-

stance, when the thickness of an a-lactose film is 0.2 um, the absorption enhancement factor reaches 236.

This study provides a new method for detecting trace analytes in the terahertz band.

Key words: Terahertz; fingerprint spectrum; absorption enhancement; meta-grating; metal substrate
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Fig. 1 Schematic diagram of an angle-multiplexed inverted all-dielectric metagrating on a metal substrate for enhanced THz

absorption of thin films. The symbols w;, w,, w;, and w, denote the widths of the four grating elements, while p, &, &,,

and d represent the unit cell period, grating layer height, WG layer height, and analyte thickness, respectively
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Absorption enhancement spectra versus film thickness and metagrating parameters (h,=h,=140 pm, w=w;=
150 pm, w,=60 pm, w,=20 um). (a) Absorbance envelope curves for different thicknesses of a-lactose on the metasur-
face; (b) absorbance envelope curves at different /4;; (c) absorbance envelope curves at different /,; (d) absorbance en-

velope curves for different y
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Tab.1 Comparison of absorption enhancement performances between the designed structure in this paper and cur-

rently existing metasurfaces or gratings based on different multiplexing methods
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