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Fig. 1. (a) Perspective and side views of the three-dimensional structure of the proposed hypersurface; (b) top view of one cycle unit

structure; (¢) schematic diagram of the process of preparing graphene structures.

AL TRREHA o 4L
Jg(w, Eg, T, T) — gintra + O_inter’ (1)
Hr:

2
intra __ e“Lr

7T ﬂhQ(w—l—iT—l)l’
i R(wtirl) - 2B

—1 . 2
4r - Mw+ir—1) + 2FF @)

TERMZEIEE N, T HOKRAEHR By K T hw, 417
PR FOLFHUN & AR, Hif Siai g &
AT LA A — 2 Drude #1243
ie?E

st ®
o, e OERHL TR, Bp AR BIFHITOKRAEEL,
MRFLAE W 08, w ARERASDCm M,
R TR ]. ARSI, T = pEe/(eVE)
Hrp i S ER TR 1 = 1 m?/(Vs), #oK
HEE Vi = 100 m/s. BAh, ABDETEA7 820 #Y
Feti w61 AT LR

8 = ko\/esi — (225:/om0)”, (4)

N, by BARAGSICHIPR , eg; FARRER I L H
B, mo FOREA BRI, ARATHARATLIFIR N ne =

2
inter:e_ 1+

a

Blko . FETHEYA B B2, AR SCGRAWIGE T A1 30
T 2R THT OB - AU A AR A L. anfAl 2 R,
A, B, C, D4y 4 Ml iRest R, H q, b,
c il d RAFERGR A B ZHRIE. LA “n” A
“out” A 22 7 AR X B F RN A s B, T bR <
= SRR WY 7 ) A% 1 1 TE A AL [R] AN [
BRI [ AT FE R B vy (0 = 1,2,3,4) KRR,
Yoy (n=1,2,3,4) MAPRFIRIMNRBFEREL. 1AL,

A rl TAE“‘ cinl Tcgut
L\\ A H31
Yol R < ~
Yo3
A
oy
Ha3
Di“"
.

Vo4

B2 RE e R R IR

Fig. 2. Schematic diagram of coupled mode theory.
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Fig. 3. (a)—(c ) Transmission spectra illustrating interactions between different graphene structures; (d) normalized electric field

distribution at triple PIT resonance frequencies.
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Fig. 4. (a) Transmission spectra from FDTD simulations and CMT calculations at Fermi levels; (b) three-dimensional evolution of

the triple-PIT at different Fermi levels.
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Fig. 5. Transmission spectra with different structural parameters.
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Fig. 7. (a) Transmission spectra under varying polarization angles of incident light from 0° to 90°%; (b) three-dimensional mapping of

transmittance versus frequency and polarization angle; (c) trend plot of resonance frequency versus angle.
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Table 1.  Comparison of the properties of different patterned graphene.
Reference/year Modulation mode Material structure Group index Polarization direction or sensitive

2020147 Dual-frequency  Single-layer continuous patterned graphene 358 a-polarization

2021064 Multiple-frequency  Single-layer discrete patterned graphene 321 Polarization-insensitive
2022148] Multiple-frequency Double-layer patterned graphene <500 a-polarization

2023149 Dual-frequency Monolayer patterned black phosphorus 219 2-polarization

2023050 Multiple-frequency Double-layer patterned graphene 424 Polarization-insensitive
202401 Multiple-frequency Single-layer silicon nanostrip array 320 x or y-polarization

This work Multiple-frequency  Single-layer discrete patterned graphene 500 x or y-polarization-insensitive
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Dynamically tunable multi-frequency modulator via triple
plasmon-induced transparency in graphene metasurfaces”
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Abstract

Plasmon-induced transparency (PIT) is a class of electromagnetically induced transparency phenomenon
that enhances the interaction between light and matter, thereby improving the performance of nano-optical
devices. However, traditional PITs usually rely on near-field coupling between bright modes and dark modes. In
order to break through the limitation of this mechanism, in this study we propose a dual-polarized graphene
hypersurface structure, which consists of four groups of symmetric L-shaped graphene surrounding cross-shaped
hollow graphene, forming a triple PIT through the synergistic effect between two single PITs. The accuracy of
the results is verified by simulating the transmission spectra using the finite-difference time-domain, which is
highly similar to that of the coupled-mode theory results. It is found that by modulating the Fermi energy levels
and carrier mobility, this structure exhibits a group refractive index of up to 500 as a slow-light device,
demonstrating excellent slow-light control capability. As a polarizing device, this structure has dual polarization
characteristics and can generate a triple PIT window under both x and y polarized light incidence. In particular,
the resonant frequency f; is not affected by the direction of polarization of the incident light. This good stability
and resistance to interference in various polarized light conditions are particularly important for designing
polarization devices. Meanwhile, we adjust the length parameter of graphene L, and find that the resonance
frequency f; is still highly stable, showing a better tolerance to structural changes. Therefore, in this study, a
multifunctional integrated device with slow light modulation and polarization selection in one device is
designed, providing new theoretical guidance and research directions for synergistic effects based on polarization
insensitivity.

Keywords: plasmon-induced transparency, synergistic effect, slow-light, polarization characteristics
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