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Metalens for polarization-switchable multi-functions multiplexing
in multiple channels
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Abstract: Metasurface provide a new platform for studying planar and ultrathin optical components. The traditional
geometric-phase-based metalens are limited to the polarization locking, which inevitably hinders its function in multi-
plexing of multiple functions. Herein, an approach based on the geometric phase is proposed to realize polarization de-
coupling of metalens. This method can be applied to design metalens that enables functionalities of polarization switch-
able multi-functions (focusing and vortex beam etc. . . ) multiplexing in the longitudinal direction or both the longitudi-
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nal and transverse directions. The results provide a new avenue for multifunctional integrated planar components.
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Fig. | Geometric-phase-based metalens in this paper: (a) Geometric-phase-based metasurface realizing polarization-switchable
wavefront controlling and multi-functions multiplexing in the longitudinal direction; (b)Geometric-phase-based metasurface realiz-
ing polarization-switchable wavefront controlling and multi-functions multiplexing in both longitudinal and transverse directions;
(¢) Polarization conversion efficiency of anisotropic metrasurface unit; (d) Phase difference between the long and short axes of

anisotropic metasurface units, where the insertion chart is a schematic of single metasurface unit

2 RIRAYIHRM SEE IS F Bl AL P 2 T 5 0 T 5 1 TV 2 A 3 0 12
2.1 BEEBIRTYHRNS @SSR iy (x.y) = arg[ A exp(ig, ) + Bexp(ip,,) +
e, T 1 L A R (1)~ (4) HRE TR Cexp(igw) + Dexp(ien.)] ., (5)

I 5 TR 375 B O [ (e T D @i g ey AL B CL D IR AR ASAR AL

ﬁDu(xay):ZTw\/(x—x1)2+(9"y1)2+f12 -/

@Lz(xay) :ZTF‘T«/(x - xz)z +(y - %)2 +f22 -/

¢RV](xvy) =_(271T«/(x - xn)z +(y —yn)2 +f|21 _fn)_ lR\'ld)

99Rv2(xvy) :_(2711-«/(96 - xzz)z + ()’ - yzz)z +f222 _fzz) - lezd)

R AL S EON v, =0, =y, =y, = 0,0, = RSB ZEHE R IR A B REDE (%4 65. 7 THz)
X =¥ =¥ =0,/ =/ =30 um, f, = f,, = 70 pm, () RS T E B T a2 1 T B F 3758 B A A 5 A
Ly = Lywa = 1, A=C=1, B=D=1.1, 9N 1] 3R AL BE Y IR B R 30.25%. T LU
U T ITRR(S) (ML AT R RE R AT AE S S T S S R AR
Je WA 20 A o B 2(a) BT, BRI T — R AEEEERI A8 (0, 0, 28.5 pm), 15—




374 L1 50 15 8K ¥ it P

Zpm

-25 T I N A SR R
10 22.5 35 47.5 60 72.5
Zpm

25 N 1 Min
-25-1250.0 125 25
o

=25 ——— -
-25-12.50.0 125 25
x/pm

=1

_25 P -
-25-12.50.0 12.5 25
x/pm

m

K2 (a)-(e) ZeBE B IR A 00 T AEZ 585 7 B R 3756 BE FURH 057 234 5 (6)- () A7 € B Dl Ik AR5 0 R AR5 855 75 ) L 3758

BE AR 5347 5 () FEB B 5 T x-z V10 L A L 58 B 2045 5 (b) , ()X £ 1 (z=28. 5 pm (b) #l z=65 pm (d) ) 1YL I7 58
B (c), (e) XA (2=28. 5 um (b) Ml z=65 pm (d)) LA 53756 - (D) 765 5 J5 7 x-z i L9 s 37 B A (),
() X R A 17 (2=28. 5 um (g) Fl z=65 pm (1)) b AYFE 58 B 404 5 (h), ()X A1 (2=28. 5 um (h) F1 z=65 um (§)) 19
AHAL SR

Fig2 (a)-(e) Distribution of electric field intensity and phase of the metalens under left-handed circularly-polarized (LCP) inci-
dence; (f)-(j) Distribution of electric field intensity and phase of the metalens under right-handed circularly-polarized (RCP) inci-
dence; (a) Distribution of electric field intensity in the x-z plane under left-handed circularly-polarized (LCP) incidence; (b), (d)
Distribution of electric field intensity in the x-z plane at z=28. 5 um (b) and z=65 um (d) ; (c), (e) Distribution of electric field
phase in the x-z plane at z=28. 5 um (¢) and z=65 pm (e) ; (f) Distribution of electric field intensity in the x-z plane under right-
handed circularly-polarized (RCP) incidence; (g), (i) Distribution of electric field intensity in the x-z plane at z=28. 5 um (g) and

z=65 um (i); (h), (j)Distribution of electric field phase in the x-z plane at z=28. 5 um (h) and z=65 pm (j)
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Fig3 (a)-(c) Distribution of electric field intensity and phase of the metalens under left-handed circularly-polarization(LCP) inci-
dence; (d)-(h) Distribution of electric field intensity and phase of the metalens under right-handed circularly-polarization(RCP) in-
cidence; (a) Distribution of electric field intensity in the x-z plane under left-handed circularly-polarization (LCP) incidence; (b)
Distribution of electric field intensity in the x-z plane at z=47. 5 um; (c) Distribution of electric field phase in the x-z plane at z=
47.5 um; (d) Distribution of electric field intensity in the x-z plane under right-handed circularly-polarization (RCP) incidence;
(e), (g)Distribution of electric field intensity in the x-z plane at z=28. 5 um (e) #1 z=65 um (g) ; (f), (h)Distribution of electric
field phase in the x-z plane at z=28. 5 um (f) £ z=65 pm (h)



176 L1 BN 5 K U IR B%

AL N

References
[1] Yu N F, Genevet P, Kats M A, et al. Light propagation

with phase discontinuities: Generalized laws of reflection
and refraction[ J ]. Science. 2011, 334 (6054):333-337.

[2] Ni X J, Emani N K, Kildishev A V, et al. Broadband light
bending with plasmonic nanoantennas [J]. Science, 2012,
335(6067) 427.

[3] Grady N K, Heyes J E, Chowdhury D R, ez al. Terahertz
metamaterials for linear polarization conversion and anoma-
lous refraction[ ] ]. Science, 2013, 340(6183):1304-1307.

(4] Zhang X Q, Tian Z, Yue W S, et al. Broadband terahertz
wave deflection based on C—shape complex metamaterials
with phase discontinuities [J]. Advanced Materials. 2013,
25(33): 4567-4572.

[5] Wang Q, Zhang X Q, Xu Y H, et al. A broadband metasur-
face—based terahertz flai-lens array [J]. Advanced Optical
Materials. 2015, 3(6): 779-785.

[6] LyuJ M, Shen SY, Chen L, et al. Frequency selective fin-
gerprint sensor: the Terahertz unity platform for broadband
chiral enantiomers multiplexed signals and narrowband mo-
lecular AIT enhancement| J |. PhotoniX, 2023, 4, 28.

[7]1iJ S, Chen J Z. Simultaneous and independent regulation
of circularly polarized terahertz wave based on metasurface
[I]. Optics Express, 2022, 30 (12): 20298-20310.

[8] LiJ S, Li X J, Switchable tri—function terahertz metasur-
face based on polarization vanadium dioxide and photosensi-
tive silicon[J]. Optics Express, 2022, 30 (8): 12823-12834.

[9] Huang L L, Chen X Z, Muhlenbernd H, et al. Disper-
sionless phase discontinuities for controlling light propaga-
tion[ J ]. Nano Lett. 2012, 12(11): 5750-5755.

[10] Ling X H, Zhou X X, Yi X N, et al. Giant photonic spin
Hall effect in momentum space in a structured metamateri-
al with spatially varying birefringence [J]. Light: Science
& Applications. 2015, 4(1): ¢290.

[11] Zheng G X, Miihlenbernd H, Kenney M, et al. Metasur-
face holograms reaching 80% efficiency [J]. Nature Nano-
technology, 2015, 10(4), 30812 (2015.

[12] Jin L, Dong Z, Mei S, et al. Noninterleaved metasurface

for (26—1) spin— and wavelength—encoded holograms [ J].
Nano Letters, 2018, 18(12) :8016-8024.

[13] Wang H, Qin Z, Huang L L, et al. Metasurface with dy-
namic chiral meta—atoms for spin multiplexing hologram
and low observable refection| J]. PhotoniX, 2022, 3: 10.

[14] Chen X Z, Huang L L, Miihlenbernd H, et al. Dual—po-
larity plasmonic metalens for visible light[ J]. Nature Com-
munications, 2012, 3(1):1-6.

[15] Khorasaninejad M, Chen W T, Devlin R C, et al. Metal-
enses at visible wavelengths: Diffraction—limited focusing
and subwavelength resolution imaging[J]. Science, 2016,
352(6290):1190-1194.

[16] Wang SM, Wu P C, Su V C, et al. Broadbandachromatic
optical metasurface devices [T]. Nature Communication,
2017, 8: 187.

[17]Chen W T, Zhu A Y, Sanjeev V, et al. A broadband ach-
romatic metalens for focusing and imaging in the visible
[J]. Nau. Nanotechnology, 2019, 13(3): 220-226.

[18] Zang X F, Ding H Z, Intaravanne Y, et al. A multi-foci
metalens with polarization—rotated focal points [J]. Laser
& Photonics Reviews 2019, 13(12): 1900182.

[19] Wang R X, Intaravanna Y, Li ST, et al. Metalens for gen-
erating a customized vectorial focal curve [J]. Nano Let-
ters, 2021, 21(5): 2081-2087.

[20]LinRJ, SuVC, Wang S M, et al. Achromatic metalens
array for full-colour light—field imaging[J]. Nature Nano-
technology, 2018, 14(3):227-31.

[21]LiL, LiuZ, Ren X, et al. Metalens—array—based high—di-
mensional and multiphoton quantum source [ J]. Science,
2020, 368(6498): 1487-1490.

[22] Mueller J P, Rubin N A, Devlin R C, et al. Metasurface
polarization optics: independent phase control of arbitrary
orthogonal states of polarization [J]. Physics Review Let-
ters, 2017, 118(11):113901.

[23] Guo X Y, Li P, Zhong J 7, et al. Tying polarization—
switchable optical vortex knots and links via holographic
all-dielectric metasurfaces[J]. Laser & Photonics Reviews
2020, 14(3): 1900366.

[24] Cheng C, Gao S L, Song W, et al. Metasurfaces with pla-
nar chiral meta—atoms for spin light manipulation[J]. Na-
no Letters, 2021, 21(4): 1815-1821.



