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Abstract

In a metal rectangular structure, perfect three-band absorption is achieved by inducing its fundamen-
tal mode resonance and multiple high-order plasmon resonance modes. When the light source is
broadened, four-band absorption is realized, making it easy for this multi-band metamaterial ab-
sorber to achieve three-band and four-band absorption. By stimulating multiple high-order reso-
nance absorption, this enables the absorber to achieve resonant absorption in multiple frequency
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bands within the broadband range. Secondly, the absorption mechanisms of each frequency absorp-
tion peak and the sources of high-order vibrations were expounded. Finally, the sensing perfor-
mance was analyzed by changing the environmental factors. The results show that the designed
multi-band metamaterial absorber has a high quality factor (FOM). This multi-band metamaterial
absorber has potential applications in fields such as sensing, solar cells, imaging, and detection.
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Figure 1. (a) Model of the multi-band metamaterial absorber, (b) Top metal structure
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Figure 2. (a) Three-band absorption spectrum; (b) Four-band absorption spectrum after expanding the
light source range
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Figure 3. (a)~(c) Charge distribution corresponding to three different peaks (f1, {2, £3); (d)~(f) Magnetic field corresponding
to three different peaks (f1, 2, f3)
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Figure 4. (a) Electric field distribution corresponding to peak f4; (b) Charge distribution; (c) Magnetic
field distribution; (d) Surface current distribution
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Figure 5. Corresponding S values and FOM at frequency points {2 and {3
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Table 1. Q factor and FOM value of common terahertz absorbers

= 1. BERHAHEREEH Q (BS FOM &

SCHR Q FOM
21 11.6 2.3
22 15 3
23 7 1.5
24 41 2.3
25 7.8 0.7

X T A f4, X TAE 4, HOUEE SIS R —E R, XAMEREEERR/DN, SEUnE
4 RBOEET R B i 70, 0T 48 A S i 2 0 ny, 2 AR E w2 AR AL, X Ui i
T SRR 4 PRI R B R A RPN . WA 6 R, AR AT 4 ETX R S
T FOM, FATTRIIATTHL 4 HA 575 2AE n=1.00 3| n=1.02 X ) HATE I 2 500 58 2 A8
&, BULFRATE IS T AR L 4 RIS B AR b . AR A 4 HP R A 5 (FWHM) R 0.05, J#id7E n=1.00
B n=1.02 XA S S B, DU 30 AR AR, 1HEAF B i 4 1 S {E, 4 1.2375 Thz/RIU,
[ H A5 H L FOM Bk 24.75.

3.720

3.715 |

—m— S5=1.23
3.710 F FOM=24. 75

Frequence
w
-~
(=}
ol
1

w
-3
S
(=)
1

3. 695

3. 690

1. 000 1. 005 1.010 1.015 1. 020
Index (n)

Figure 6. S value and FOM corresponding to frequency point f4
B 6. RS 4 BIFFXIRZAY S {EF0 FOM

XATLRY, ARV ARAL T, AR S B AR SR B IR R A2 2, FATTRE AR AR A
A5 FH (R IR TR P iR 22 R AT AN RT BERBE G, P DABRATIN, 2 /R B/ iR 22, SN & (1 22 Ak HERA E

DOI: 10.12677/app.2025.1512083 801 N ) R


https://doi.org/10.12677/app.2025.1512083

TR 4, AMUBARI S FOM A, RN/, SmErEmME. XEWREE A 4 7] L)
R TR Sk AHARIRESREAAAE S S, WU T AU AR S

5. &g

I AE AR T ARG A5 R LR IRAN 22 A e S5 B OT IR AR M T SN =3 B e SR I,
T 249 FE G, SEBL T DUBBORL, HIREE IR 1 AR S R SN, il I R R R R A
HAGIENERE, Z5R0oR, XTIt 1 2 3 Bol A RIS 25 B AT 150 i o AL B (FOMY) o i A IR Wi AN X
gififa e, R THliG, 29R B2 BIEAM RIRIAfEAR. RFHAE T, R, SRINF A
HIEAERIN T -

E&UH

A IR M B T B S I TR 4 T H (WZG06)

SE

[1] Yahiaoui, R., Guillet, J.P., de Miollis, F. and Mounaix, P. (2013) Ultra-Flexible Multiband Terahertz Metamaterial Ab-
sorber for Conformal Geometry Applications. Optics Letters, 38, 4988-4990. https://doi.org/10.1364/01.38.004988

[2] AWM, FiiE, BRI, & BRSO RS E N AN R RICIRBEFL[T]. R E-FHOR, 2013, 10(4): 80-84.

[3] Luo,C.,Li,D., Luo,Q., Yue,lJ., Gao, P., Yao, J.,, et al. (2015) Design of a Tunable Multiband Terahertz Waves Absorber.
Journal of Alloys and Compounds, 652, 18-24. https://doi.org/10.1016/j.jallcom.2015.08.089

[4] Sarkar, R., Ghindani, D., Devi, K.M., Prabhu, S.S., Ahmad, A. and Kumar, G. (2019) Independently Tunable Electro-
magnetically Induced Transparency Effect and Dispersion in a Multi-Band Terahertz Metamaterial. Scientific Reports,
9, Article No. 18068. https://doi.org/10.1038/s41598-019-54414-5

(5] K, sk, sk, S DGl RS 2 AU R 2K A RIS R ELT]. ot 5ot T2t e, 2019, 56(10):
253-258.

[6] Wang, B. (2017) Quad-Band Terahertz Metamaterial Absorber Based on the Combining of the Dipole and Quadrupole
Resonances of Two SRRs. IEEFE Journal of Selected Topics in Quantum Electronics, 23, 1-7.
https://doi.org/10.1109/jstqe.2016.2547325

[71 Meng, T., Hu, D. and Zhu, Q. (2018) Design of a Five-Band Terahertz Perfect Metamaterial Absorber Using Two Res-
onators. Optics Communications, 415, 151-155. https://doi.org/10.1016/j.optcom.2018.01.048

[8] Jung, S.,Kim, Y.J., Yoo, Y.J., Hwang, J.S., Khuyen, B.X., Chen, L., et al. (2019) High-Order Resonance in a Multiband
Metamaterial Absorber. Journal of Electronic Materials, 49, 1677-1688. https://doi.org/10.1007/s11664-019-07661-1

[9] Redo-Sanchez, A., Heshmat, B., Aghasi, A., Naqvi, S., Zhang, M., Romberg, J., et al. (2016) Terahertz Time-Gated
Spectral Imaging for Content Extraction through Layered Structures. Nature Communications, 7, Article No. 12665.
https://doi.org/10.1038/ncomms12665

[10] Slocum, D.M., Goyette, T.M., Giles, R.H. and Nixon, W.E. (2015) Experimental Determination of Terahertz Atmos-
pheric Absorption Parameters. SPIE Proceedings. https://doi.org/10.1117/12.2176455

[11]  ZBAkde. FOORARAR T A B SEL S R ERT AU [D]: [ L2 Anig ], L BrhImiii kg, 2016.
[12] Peng, X., Wang, B., Lai, S., Zhang, D.H. and Teng, J. (2012) Ultrathin Multi-Band Planar Metamaterial Absorber Based
on Standing Wave Resonances. Optics Express, 20, 27756-27765. https://doi.org/10.1364/0¢.20.027756

[13] Hu, D., Wang, H., Tang, Z., Zhang, X. and Zhu, Q. (2016) Design of Four-Band Terahertz Perfect Absorber Based on a
Simple #-Shaped Metamaterial Resonator. Applied Physics A, 122, Article No. 826.
https://doi.org/10.1007/s00339-016-0357-4

[14] Meng, W.W., Lv, J., Zhang, L., Que, L., Zhou, Y. and Jiang, Y. (2019) An Ultra-Broadband and Polarization-Independ-
ent Metamaterial Absorber with Bandwidth of 3.7 THz. Optics Communications, 431, 255-260.
https://doi.org/10.1016/j.optcom.2018.08.066

[15] Song, Z., Wei, M., Wang, Z., Cai, G., Liu, Y. and Zhou, Y. (2019) Terahertz Absorber with Reconfigurable Bandwidth
Based on Isotropic Vanadium Dioxide Metasurfaces. [EEE Photonics Journal, 11, 1-7.
https://doi.org/10.1109/jphot.2019.289898 1

[16] Wang, R, Li, L., Liu, J., Yan, F., Tian, F., Tian, H., ef al. (2017) Triple-Band Tunable Perfect Terahertz Metamaterial

DOI: 10.12677/app.2025.1512083 802 N ) R


https://doi.org/10.12677/app.2025.1512083
https://doi.org/10.1364/ol.38.004988
https://doi.org/10.1016/j.jallcom.2015.08.089
https://doi.org/10.1038/s41598-019-54414-5
https://doi.org/10.1109/jstqe.2016.2547325
https://doi.org/10.1016/j.optcom.2018.01.048
https://doi.org/10.1007/s11664-019-07661-1
https://doi.org/10.1038/ncomms12665
https://doi.org/10.1117/12.2176455
https://doi.org/10.1364/oe.20.027756
https://doi.org/10.1007/s00339-016-0357-4
https://doi.org/10.1016/j.optcom.2018.08.066
https://doi.org/10.1109/jphot.2019.2898981

v
o
it
48

[17]

(18]

[19]
[20]

[21]

[22]

[23]

[24]

[25]

Absorber with Liquid Crystal. Optics Express, 25, 32280-32289. https://doi.org/10.1364/0e.25.032280

Sellier, A., Teperik, T.V. and de Lustrac, A. (2013) Resonant Circuit Model for Efficient Metamaterial Absorber. Optics
Express, 21, A997. https://doi.org/10.1364/0e.21.00a997

2y, BETHINMER R Q H MHABHEM BT 7T [D]: [l #A0R 3], PRt R TR K
2.2016.

77 5. E TR S LR B RERCR PR FE[D]: (A AR S0, KR KEFEBLLRAYIEER, 2022.

Hu, X., Xu, G., Wen, L., Wang, H., Zhao, Y., Zhang, Y., et al. (2016) Metamaterial Absorber Integrated Microfluidic
Terahertz Sensors. Laser & Photonics Reviews, 10, 962-969. https://doi.org/10.1002/1por.201600064

Cong, L., Tan, S., Yahiaoui, R., Yan, F., Zhang, W. and Singh, R. (2015) Experimental Demonstration of Ultrasensitive
Sensing with Terahertz Metamaterial Absorbers: A Comparison with the Metasurfaces. Applied Physics Letters, 106,
Article ID: 031107. https://doi.org/10.1063/1.4906109

Yahiaoui, R., Tan, S., Cong, L., Singh, R., Yan, F. and Zhang, W. (2015) Multispectral Terahertz Sensing with Highly
Flexible Ultrathin Metamaterial Absorber. Journal of Applied Physics, 118, Article ID: 083103.
https://doi.org/10.1063/1.4929449

Yahiaoui, R., Strikwerda, A.C. and Jepsen, P.U. (2016) Terahertz Plasmonic Structure with Enhanced Sensing Capabil-
ities. IEEE Sensors Journal, 16, 2484-2488. https://doi.org/10.1109/jsen.2016.2521708

Al-Naib, 1. (2017) Biomedical Sensing with Conductively Coupled Terahertz Metamaterial Resonators. IEEE Journal
of Selected Topics in Quantum Electronics, 23, 1-5. https://doi.org/10.1109/jstqe.2016.2629665

Meng, K., Park, S.J., Burnett, A.D., Gill, T., Wood, C.D., Rosamond, M., ef al. (2019) Increasing the Sensitivity of
Terahertz Split Ring Resonator Metamaterials for Dielectric Sensing by Localized Substrate Etching. Optics Express,
27, 23164-23172. https://doi.org/10.1364/0e.27.023164

DOI: 10.12677/app.2025.1512083 803 N ) R


https://doi.org/10.12677/app.2025.1512083
https://doi.org/10.1364/oe.25.032280
https://doi.org/10.1364/oe.21.00a997
https://doi.org/10.1002/lpor.201600064
https://doi.org/10.1063/1.4906109
https://doi.org/10.1063/1.4929449
https://doi.org/10.1109/jsen.2016.2521708
https://doi.org/10.1109/jstqe.2016.2629665
https://doi.org/10.1364/oe.27.023164

	高传感性能的多波段太赫兹超材料吸收器
	摘  要
	关键词
	High-Sensitivity Multi-Band Terahertz Metamaterial Absorber
	Abstract
	Keywords
	1. 引言
	2. 结构与参数
	3. 仿真结果与性能分析
	3.1. 多波段吸收
	3.2. 电场与磁场分布

	4. 传感性能分析
	5. 结论
	基金项目
	参考文献

