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A forward calculation method to quickly realize the achromatic
metasurface for arbitrary polarization control
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2. University of Chinese Academy of Science, Beijing 100049, China)

Abstract: In recent years, many advances have been made in polarization control and dispersion control of artificial mi-
crostructure. However, it is still a challenge to realize achromatic control of arbitrary polarization because the tradition-
al way to calculate the manipulation of metasurface on elliptic polarization have to solve the equation for each piece of
data. A direct calculation method based on coordinate transformation is proposed to quickly calculate the manipulation
of metasurface elements on arbitrary polarization states. An achromatic focusing metasurface lens based on all-Si elliptic
cylinder structure is designed to manipulate elliptical polarization states in the mid-infrared band. The result shows that
this method and design can effectively control the elliptic polarization state under the condition of greatly simplifying the
calculation process. Compared with the previously reported design based on circular polarization or non-polarization de-
pendence, the application scope of the dispersion control of the metasurface is further expanded.
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Fig. 1 Inverse derivation of Jones matrix for elliptic polariza-

tion transformation
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delay distribution of elements in the designed array



206 L1 b 5 R OK P 41 %

Ji B 8 o BT B RESE IR 3 A1, R] LR B SE R
BEE R ABOR R AE 1

3 RS540

T R UE BT T 1 B PR RE AR S PR BT Y
W 17 2580, A 25 SR AR 0 AT S B R s bR T
AFEPERASOET , 2 as s 5ot e 2 m -
B 588 B8 A3 AT, AR 4 TR o K R R B 5 T ik
111 3 350 nm 2 4 350 nm [ TAE B, AT LIEF),
TERBEA BB, a1 e 08 A b 406 s £71 Ay
/5 B B A O 3R AR B AR AL o IXERIE 1 FRAT]
BT 53 7 1% R A AR PR b 1 1 2 T A F S BA T
TG [ 4 A5 0 9 e 22 4

W] B} F1) FH FDTD solutions #0445 113847 1 56
WE o PR ST T B 120 pm, R FE R 180
o B TH 022 AR RS A i PR 25 R A O £ 2 o/
5P E ARG . BTl 3 350~4 350 nm.
& 5(a) MAFEPK T X—Z B m K, 5 5(b)
R WA T B A B S T AR A K]S
() NI R AERCE 8 O TE AR T £ 50 B
= KJEE N R R BT %, LI RIS
A7 B TE P R T BY £E S B B O N TR B B E T T
BT L2200 o T A Y SR AR U AE Uk
KB e, FE BT H R T B W 55 . X EH T
FRATTHE G 12 BT AT, B AE IR B2 B v C AR A B HUZ:
DR R A S o PR 28 8 O P R Ak L x ]
AFASE 0 1, 5y 7 [ R A e 7 P9 P-4 4 557, 5 i
I SCPB AR R 45 B E R P T B0 BT L BE R

K4 AREPAT R 22 RERHIT RS,

Rk, Ti) FSF K 57 8 €00 112 22 L oF AR IR e 2 A 3R A 3k
R Xy A A A T R AN A T
S A RS ) PRI ES AR AR T

4

&t

AR SCHR T — B GET R A B 3 A O R, R
A o A8 46 1 [ 35 R 2% TS S B 5T AT R ]
i A VR 45 R 04 T AR v, SEBL T AE TR 20 AR i B
3.35~4.35 pm XA R IR S AT 22 R AR . X —
D7 BN TT BRI AR R TR BT, 76 Ab PR o A5 i 5
22 4 P A AR A £ ORI A R A A M
TE T BT K T B Wb 22 g 2 o7 FH o [l
FLA D TR ], W R AR . M T
LR M B A0 T R, X — T TR A T 3R A e
T By AR R S A B D s AR S A AR R R R TR
Z 0y B T HL A S — 25 1 5 e PR AR AL B A
¥ RIRAS GBI o A HG T 2 B GE Y 3T [
s H 5 T O I A6 %) 38 11+, S 3018 AR 120 4 2 70 98
025 RAR ORI — 2040 e T8 2 1 2 F0JE 5 0
FHYG R, BAT B R i N R 5

References

[1] YenT], Padilla W J, Fang N, et al. Terahertz magnetic re-
sponse from artificial materials [J]. Science, 2004, 303
(5663) : 1494-6.

[2] 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) :333-7.

[3] Huo P, Zhang C, Zhu W, et al. Photonic spin—multiplex-
ing metasurface for switchable spiral phase contrast imaging

[T]. Nano Letters, 2020, 20(4):2791-8.

VK TE 5 3 350~4 350 nm

Fig. 4 The results of diffraction calculation of achromatic focusing at different wavelengths cover 3 350 nm to 4 350 nm



43 ARAETE 45— P S BT B G VA v e SN €502 M R TG 1 40 07 0 o7
|E?
200 200 max
150 150
100 100
50 50
0 0 min
-60 30 0 30 60 -60 30 0 30 60
X/pm X/pm X/pm
A=3349nm A=3511nm A=3598nm |EP
200 max
150
100
50
0 min
-60 30 0 30 60 -60 30 0 30 60 -60  -30 0 30 60
X/um X/um X/um
A=3785nm A=3992nm A=4350nm
(a)
0.5
200 -
__________________________________ 045+
04r
150 + 0351k
g_ 100 + ?\S’% 0.25r //‘ 4 1
N o 02f PN
. o5 /
= o1 /
0.05}
0 1 1 1 1 0 L 1 1 L L 1 1 1 1 1
3350 3550 3750 3950 4150 4350 34 35 3.6 37 38 39 4 41 42 43
W /um We/pm
(®) (©)
Els KRR A O2EREFDTD B LR K T 3 350~4 350 nm(a) 595 1K T X-Z R A63im &, (b) f2 S E I,

(o) RARCRA

Fig. 5 The FDTD simulation results of the achromatic focusing at different wavelengths cover from 3 350 nm to 4 350 nm (a)

The profile of the X-Z light field at each wavelength, (b) position of focal point, (c¢) the focusing efficiency

[4] Rubin N A, D’aversa G, Chevalier P, et al. Matrix Fourier
optics enables a compact full-Stokes polarization camera
[J]. Science, 2019, 365(6448) : 1839-43.

[5] Rubin N A, Zaidi A, Dorrah A H, et al. Jones matrix ho-
lography with metasurfaces [J]. Science Advances, 2021, 7
(33):7488.

[6] Huang L., Chen X, Muehlenbernd H, et al. Three—dimen-
sional optical holography using a plasmonic metasurface
[I]. Nature Communications, 2013, 4:2008.

[7] Wang S, Wu P C, Su V-C, et al. Broadband achromatic
optical metasurface devices [T]. Nature Communications,
2017, 8:187.

[8]ShiZ, Khorasaninejad M, Huang Y-W, et al. Single-layer
metasurface with controllable multiwavelength functions

[J]. Nano Letters, 2018, 18(4) :2420-17.

(9] Wang S, Wu P C, Su V-C, et al. A broadband achromatic
metalens in the visible [J]. Nature Nanotechnology, 2018,
13(3):227-32.

[10] Khorasaninejad M, Shi Z, Zhu A Y, et al. Achromatic
metalens over 60 nm bandwidth in the visible and metal-
ens with reverse chromatic dispersion [J]. Nano Letters,
2017, 17(3):1819-24.

[11] Aieta F, Kats M A, Genevet P, et al. Multiwavelength
achromatic metasurfaces by dispersive phase compensa-
tion [ J]. Science, 2015, 347(6228):1342-5.

[ 12] Khorasaninejad M, Chen W T, Oh J, et al. Super—disper-
sive off-axis meta—lenses for compact high resolution spec-
troscopy [T]. Nano Letters, 2016, 16(6) :3732-7.

[13] Faraji-Dana M, Arbabi E, Arbabi A, et al. Compact fold-

ed metasurface spectrometer [J]. Nature Communica-



208 LT 5N 5 B K k2 e

tions, 2018, 9(1):4196. vances, 2020, 6(38) :7646.
[14] Zhu A Y, Chen W-T, Khorasaninejad M, et al. Ultra— [16] Mueller ] P B, Rubin N A, Devlin R C, et al. Metasur-
compact visible chiral spectrometer with meta—lenses [J]. face polarization optics: Independent phase control of arbi-
Apl Photonics , 2017, 2(3):036103. trary orthogonal states of polarization [J]. Physical Review
[15] Mcclung A, Samudrala S, Torfeh M, et al. Snapshot spec- Letters, 2017, 118(11):113901.

tral imaging with parallel metasystems [J]. Science Ad-



	引言

