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Abstract

In this study, a terahertz filter device based on a gradient graphene nanoribbon array was devel-
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G

oped. Using the COMSOL Multiphysics® 6.1 full-wave simulation platform, a two-layer heterostruc-
ture model was constructed: the top layer consisted of a graphene nanoribbon array with a gradient
width (0.5~0.7 pum), while the bottom layer was supported by a SiO: dielectric layer. It is revealed
that the change of nanoribbon width gradient can induce a shift of 0.77 THz in the resonant fre-
quency of plasmon, and a wide band passband of 1.18 THz is formed through the array synergy ef-
fect. Simulation results show that the bandwidth of this component is 90% larger than that of uni-
form grating. This discovery not only demonstrates the excellent performance of gradient fossil ink
nanoribbon arrays in the field of terahertz filtering, but also provides new possibilities for the de-
velopment of terahertz technology in the future. We expect that this research will bring substantial
breakthroughs in the application of related fields and promote the further development and popu-
larization of terahertz technology.
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Figure 1. Upper layer: Gradient width graphene nanoribbon array (W1 =0.7 um, W2 = 0.58
um, W3 = 0.5 um, d =10 pm); Intermediate layer: SiO2 dielectric layer (h = 10 pm, ¢ = 3.9)
1. EB: BEXABEMKEEFI(WL=0.7 um, W2 = 0.58 pm, W3 = 0.5 ym, d =10
pm); FEE: SiO2NMEE( =10 pm, ¢ =3.9)
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Figure 2. Comsol geometric model
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Figure 3. Broadband response mechanism of gradient structure (a) Broadband mode: Broadband absorption spectrum of gra-
dient width graphene nanoribbons (W1 = 0.7 um, W2 = 0.58 um, W3 = 0.5 pum, no Au substrate, d = 10 um), bandwidth 1.18
THz (3.82~5 THz); (b) Narrow-band comparison: Absorption spectra of graphene gratings of uniform width (W = 0.5 um),
peak frequency 4.78 THz; (c) Charge distribution evolution: The instantaneous electric field distribution in the xz plane showed
that with the increase in frequency (fi—f3), the resonance region shifted from a wide nanoribbon (red arrow) to a narrow
nanoribbon (blue arrow), realizing a dynamic relay mechanism with wide frequency response
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Figure 4. Gradient structure xz direction electric field diagram
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Figure 5. Gradient structure xy direction electric field (top) charge (bottom) diagram
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Figure 6. The influence of different gradient change rates
(such as 0.4 um—0.8 pm) on bandwidth
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Figure 7. Effects of different spacing d on
bandwidth and absorption
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