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Abstract

Metamaterials are synthetic two-dimensional metasurfaces with electromagnetic responses that
are not found in natural materials, such as negative permittivity and permeability. Metamaterials
with different structures and sizes have different properties, so metamaterials have a wide range
of applications in biomedicine, optical devices and other fields. Terahertz metamaterial absorber
is a device that applies metamaterials to the terahertz band, and the structure can match the
free-space impedance to effectively “perfectly absorb” the incident electromagnetic wave in a spe-
cific frequency range. In this paper, a "Sichuan" metal-dielectric-metal "sandwich" type terahertz
metamaterial absorber is designed, and the finite element simulation software is used to model
and optimize the simulation, and the optimal terahertz metamaterial absorber has a resonant ab-
sorption peak of 2.84 THz between 1~3 THz, and the "perfect absorption” of 99.93% of the tera-
hertz wave is achieved at this frequency. In order to further expand the function of the terahertz
metamaterial absorber, terahertz metamaterial absorbers are combined with gold nanoparticles,
i.e., they grow randomly on the surface of their metal bands of a certain size (30 nm ~ 70 nm). The
simulation results show that for the large-scale structure of the terahertz metamaterial absorber,
the small size of the gold nanoparticles does not weaken their response in the terahertz band. In
addition, the study of individual gold nanoparticles on the multi-level structure of metamaterials
in the visible light band shows that the structure responds in the entire visible light band, and the
enhancement factor is above 1074. Therefore, the multi-level structure of the metamaterial re-
sponds in both the terahertz and visible light bands, which has a certain impact on the expansion
of the application breadth of terahertz metamaterial absorbers.

Keywords

Terahertz Metamaterial Absorbers, Metamaterial Multilevel Structures, Terahertz, Visible Light,
Response Characteristics

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

Tk

1. 5]

ITLEAESR, M RHE B A R R GO T S SRR () R T 1S T I MO, AT
R[] [2] [3] [4] [5]« /& [6]-[13]58 MUK #5[14] [15] [16] [17]FNRE USRS B RIS L2
B BT ARSI W K R IR A, WK IR oo o] LR F iR 1 . AR B T AR
IR e A% 1 N T RATESS Y, WTLOE R & < ) F < g [18], AR TR u(0) FIAG B H
W e (o) RAMOLIRE, Wi 2 50 7 R LR BRI AT RN n(0) = Js(0)u(w) , T
BHEEHIRTTRIETN: Z(0)=Ju(0)/s(o)

7 2008 4, Landy %5 A[19] & e HF &1 T —3K &8 - N - &8 1 = B4 MM AR Z A IR
We#s, 7E 1.125 THz /oA — AN IEIRM g, WRILERIEE] T 98%. fE 2022 4, Wang 55 A\[20142H T P 2%
KP4 Ja 2% FH T 2 T LI 52 1) 45 i 2% AL BRI R B A0 T 428 AR 2% B A R e oy 17 S Bk 24 168 44

B

DOI: 10.12677/mos.2024.133298 3273 e RSE TR


https://doi.org/10.12677/mos.2024.133298
http://creativecommons.org/licenses/by/4.0/

FH UK FE

iKY

IR ST 2% [ SRS, gt A R A 3 A B3 S SR R SR SR B /Mb, T AR IRICER Ay 1, G SRR St
FNE . NT BRI E S RNE, NHEEEMETIN E— 2SRRI AT . S e R e
SR PR B A EIIASE, BT AR B8R S 2 0 B B K T RARR IR E, A 75 JEUAR I 122388 6 1 ) e
BB 42 B SO R BB RS, D Se L T B RN E . N T M RIS R A E, FE
PR H R TR GUANZ BREAICE, BIAARLSE IIBET Z = 1. B AR Z () = Ju(w)/s(0) T
B, AN USSR S RARSE, MRS IBEPT Z = 1, RPSEEL T ARG R ) R H B PUR 2 S,
BLHUAHUCAT . B A ARG, R ARG, T RERE, X ARA: A=1-R-T . % R WRETE[S,[,
T ABEHE|S,| MALBHUTFRER: A=1-|S,[ -[S,[* [21].

RILEAT T —# N7 FREEE - A5 - SEE “ =057 RO LR, BT %%
MR ASRRE, BTl BHE T WS, R 0. Bk, A=1-T, B A=1-|S,[, ka5
PR 2GR S 3 R s e o R B BR e SR T B S 07 AR o 12O 24 R A IR i 2%
1E 1~3 THz Z WA —ANE 2.84 THz ISR, 7EIAZe Ab LB 1 0 K 2438 99.93% 1) “ 563U ”
XA A I B (0 45 4 B 1% 5 NS 1) B R ZE R B B [22] - T b 359 R R 2 A R e 2 1) 3
e, MEHEEFWRIBENAEK— & RSEE N SeoRmR, 5B REKH, —a R R a9
KIRLIIAFLE, 23 51 HRE AR 2L B AR W AT 28 1 AT 22 Bk IR B A Py (i B, IS0 DA i 6 i 7 52 i A
o AN, MEEUAR R ST I — A g ABURLVE S R Lk B B SR, BRAIE T 4 M E T L B
WA FrLL, 2 ARE 22 9045 7R R 24 A0 R W63 BOS A L, 306 T R 2% R A B H IR SC 2% 5 FH
B AR A A (IR .

2. KizzEmRURmERSHE
2.1, KiFz&@mRR=s it

KARZEFEM R BTSN 1R, @IS, O)NEME, BANER - i - &R
. TR WS RN AL, &SRB S, SRR EE N 0.6 um, SRR N 5 um, HH
X Higgw N7 BEEF . Fa B E A FR-4, N UJZKER 50 pm, JEREEA 20 um. JR)E2ESE S N4
J5E, JERE 0.1 pme R SEFAT BRIC K FBREDT B, A% P L BT (R KRR 2% AR AT LA AT
N T RS BR E HARE S, X ATY 5 W E N unit cell i 5L, Z 5 1A BB S ROE L R & .

(@ (b)
FR-4

Figure 1. Schematic diagram of the unit structure of terahertz metamaterial absorber, (a) is a three-dimensional view, and (b)
is an elevation view
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Figure 2. Frequency absorber spectrum of terahertz metamaterial absorber
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Figure 3. Frequency absorber spectrum of terahertz metamaterial absorber. (a) Parameterization of metal strip width; (b) Paramete-
rized scanning of the spacing between metal strips; (c) Parameterized scanning of the length of the dielectric layer; (d) Parameterized
scanning of the thickness of the intermediate dielectric layer
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Figure 4. Shows a schematic diagram of the multi-level structure of metamaterials. (a) is a three-dimensional view of the
unit structure, and (b) is a front view
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Figure 5. The effect of gold nanoparticle size on the frequency absorption of terahertz metamaterials with multi-level struc-
tures
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Figure 6. Shows the multi-level structure of selected terahertz metamaterials, where (a) is the front view and (b) is the stereo view
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Figure 7. The effect of radius R variation of gold nanoparticles on the electric field strength of the selected structure. (a) When R is
30 nm; (b) When R is 30 nm; (c) When R is 30 nm; (d) When R is 60 nm
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Figure 8. The influence of visible light wavelength variation on the electric field intensity of the selected structure. (a) When the
visible light wavelength is 400 nm; (b) When the visible light wavelength is 500 nm; (c) When the visible light wavelength is 600 hm;
(d) When the visible light wavelength is 700 nm
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