Journal of Advances in Physical Chemistry #JE4L22 3%, 2025, 14(2), 183-190 Hans X
Published Online May 2025 in Hans. https://www.hanspub.org/journal/japc
https://doi.org/10.12677/japc.2025.142017

ET UK K iR BIE Y % ThRE B AR H

x| A& A
FiEETRCRER SR TSR, L

ks H i 20254F4H2H; A HEB: 20254F4H30H; &AAHB: 202545712 H

=

fe i — H i B MR T XE DS BB A O R, T2 DhRRSR A a3AH H TF & MDN RABX — s 4
THRE. AR T —FE T JUTALRZERNXEAR S AR LR, 8 W Bonas i e
AR, SHT BRBRRS S =40t FIRE. BRMEESZKMERIAMIR RS,
FEO.6 R A RINIRTER ST 8% . BRI, #H—P LI T WP RAmIRAASH) & BN E ThRE .
iR IRAE T SEERE I /A DR IRE . SER(E BmSHTHKRENE, ARBCTHM4. SEMEFER
RERBBRGRA T H MBIk,

X 5in
ABHRE, JUAHEAL, WK, SERH, £EnE

Dual-Wavelength Polarization Modulated
Multifunctional Metasurface

Chunlong Liu

School of Optical-Electrical and Computer Engineering, University of Shanghai for Science and Technology,
Shanghai

Received: Apr. 2"Y, 2025; accepted: Apr. 30", 2025; published: May 12", 2025

Abstract

Conventional single-degree-of-freedom metasurfaces face limitations in achieving complex optical
field manipulation, while the development of multifunctional integrated devices offers a break-
through pathway. This study proposes a dual-wavelength multifunctional terahertz metasurface
based on geometric phase modulation. Through rotational angle design of subwavelength unit struc-
tures, the metasurface enables synergistic control of polarization states and three-dimensional op-
tical fields across distinct frequency bands. Specifically, the device functions as a polarization beam
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splitter at 0.52 THz and switches to a vortex generator mode at 0.6 THz. By reconfiguring the phase
distribution, it further realizes dual-wavelength polarization-dependent holographic encryption
functionality. Numerical simulations validate the device’s versatility in transverse/longitudinal op-
tical field manipulation and multidimensional information encoding, providing novel design meth-
odologies for integrated photonic devices, secure optical communication systems, and intelligent
imaging architectures.
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Figure 1. Schematic diagram of dual-wavelength polarization control based on metasurfaces. Red and blue represent the 0.52
terahertz frequency point and the 0.6 terahertz frequency point respectively. The 0.52 terahertz wave incident generates two
laterally separated focal points, while the 0.62 terahertz wave incident generates two longitudinally separated focused vortices
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Figure 2. Design process of the geometric phase unit cell structure. (a) Schematic illustration of the rotation angles in the
multifunctional metasurface unit cell structure; (b) Schematic diagram of the multifunctional metasurface unit cell structure;
(c) Frequency-dependent transmittance curves for different polarized lights incident on the structure
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Figure 3. Simulation results of the multifunctional metasurface based on dual-wavelength polarization control. (a1) (a2) The
xy-plane light field distribution of transmitted LCP and RCP when LCP light with a frequency of 0.52 THz is incident perpen-
dicularly on the metasurface. (as) (as) The yz-plane light field distribution of transmitted LCP and RCP when LCP light with
a frequency of 0.52 THz is incident perpendicularly on the metasurface. (b1) (b2) The xy-plane light field distribution of trans-
mitted LCP at z = 4000 um and z = 7800 um when RCP light with a frequency of 0.6 THz is incident perpendicularly on the
metasurface. (bs) The yz-plane light field distribution of transmitted LCP when RCP light with a frequency of 0.6 THz is
incident perpendicularly on the metasurface. (bs) (bs) (b7) The normalized xy and yz-plane light field distribution of transmitted
RCP when RCP light with a frequency of 0.6 THz is incident perpendicularly on the metasurface. (c1) (c2) The phase distribu-
tion of the two focused vortices at z = 4000 um and z = 7800 um, respectively

3. ETFWE KRBT SAEBMRENAELER. () ()3%A 0.52 XifzZh LCP XIENSEIBRE, &
5% LCP 1 RCP B xy HIXA M. (as) (a4)$F A 0.52 KifzEHY LCP XIEASGEIBIRE, B LCP M RCP W yz |
HIHTT. (br) (b2)SREH 0.6 KFfZ4HY RCP SLIEASIRIEBSRE, BT LCP 17 z = 4000 um 1 z = 7800 um L E4LHY
xy ESEHTT . (D3)3TZ A 0.6 KifFZEHY RCP SLIE ST RIHERE, EST LCP B9 yz EHIHT . (bs) (be) (b7)50ZEH 0.6
Kiffz&H) RCP XLIEANGTEIBIRE, B8 RCP #Y xy M yz EAYVA—LKIHHT M. (c1) (c2)F3BIXTRL z = 4000 um F z =
7800 um AR RERIERI AL T

DOI: 10.12677/japc.2025.142017 187 Bk Sei


https://doi.org/10.12677/japc.2025.142017

XEF

N T UEWIERATR B R I A 2 ThREt:, B BBEATIEBeih 1 XU A R RAR 10 22 2 om0 LY
R T R AR S 7 AT 9

D(x,y) :arg{exp[iq)Y (% y)]+exp[ g, (x, y)]} 7

Heb g, (x,y) Fly (x,y) 28 AR SESCHI “Yes” Rl “No” HIH 7 EBEY RIS [AHAL, b g (x,y) REA
0.52 KMZZBITIT, @y (X, y) 2E X 0.6 KFZERTH . FATIEATHEEE R E T 8000 um, A4 N
0.52 Ki##2& 1) RCP NS e HR Gt 2R TS, FATATLALE LCP M35 434 z = 8000 um b M4 5| B} Y,
LCP H3 A MM AR [FFRER), 24 0.6 KAFZZH LCP NGRS Bk R H i, AT LAZE RCP H
W3 Ai b z = 8000 um £ B AW 2 H) 7R N, 1] RCP B3 /0 A h AR E . (BSR4 fis, HE
HIATIR B —8. Btz Ah, FATHT R TH 8 R L o7 LSRG N2 i Thae, R im 4 g
FREY RIEFELE, 1M NZRFEE, HAEENTEE . NFOCR AR — /Mg EiE, N
R IRAS R NS AN IEIE o G NG AR RS FBARTI, d i B R 5 AR 12 R FE BN
NSRS ARIRAS R — AR, s R G R A BUTATE B0 A SN s A
TRARAHXTE, A fEiE R R EMREE Y.

0.52THZ

0.6THZ

Figure 4. Holographic demonstration based on dual-wavelength polarization control. The simulation shows that when right
circularly polarized (RCP) light with a frequency of 0.52 terahertz is incident perpendicularly on the metasurface, the trans-
mitted left circularly polarized (LCP) field displays the holographic letter “Y”, while the transmitted RCP field does not show
the holographic letter. Conversely, when left circularly polarized (LCP) light with a frequency of 0.6 terahertz is incident
perpendicularly on the metasurface, the transmitted LCP field does not display the holographic letter, while the transmitted
RCP field shows the holographic letter “N”
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