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Fig. 1. Schematic diagram of large-angle wavelength-divi-
sion multiplexing-based metagrating: (a) Overall schematic;

(b) unit schematic.
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Fig. 2. Calculation of (a), (d) the transmission and (b), (e) the phase of the periodic TiO, cylinders on a square lattice with differ-
ent unit size and duty cycles at A = 510 nm and 852 nm; (c), (f) transmission and phase of the periodic TiO, cylinders with 180 nm

unit size and 600 nm height for different diameters.
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Fig. 3. (a) Top view of the metagrating; (b) electric field distribution in the zoz plane for TM and (¢) TE excitation.
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Fig. 4. (a) Transmission efficiency and deflection efficiency of the designed metagrating with different polarization directions; far-
field profiles of transmitted light intensity at normal incidence of (b) TM and (c¢) TE plane wave.
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Fig. 6. Topology optimization process of metagratings: the evolution of green light deflection efficiency and red light transmission ef-

ficiency, and the evolution of topology shapes in different iterations.
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Fig. 7. (a) Top view of the topology-optimized freeform metagrating; electric field distribution in the zoz plane for (b) TM and (c)

TE excitation.

(a) Efficiency /%

270°

—e— Transmission (852 nm)
—e— Deflection (510 nm)
—— Transmission (510 nm)

(b) 510 nm 852 nm
90 T T
ok ;\ ! 1.0
o \ |
i 98.8%, 0.8
30 ! 48.7% '
~ I | 0.6
S oop— |
=) | ] 0.4
—30 i i
| L | [qo2
—60 ! I
i i 0
90 m A A L
400 500 600 700 800 900
Wavelength/nm
(c) 90 T T
! ! 1.0
60 ! 1
: T | Bos
30 148 1% '
~ 1 | 0.6
< ofF | i
= | ] 04
—30 i i
| L | [Ho2
—60 | ! !
B | i 0
90 u A A L
400 500 600 700 800 900

Wavelength/nm

B8 (a) MK CHIE AR My 10 F 8 &5 s8eR SRR, (b) T™M A1 (c) TE iR ELA ST, 3 510 i 5 5 i

Fig. 8. (a) Transmission efficiency and deflection efficiency of the topology-optimized metagrating with different polarization direc-

tions; far-field profiles of transmitted light intensity at normal incidence of (b) TM and (c) TE plane wave.
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Fig. 9. (a) Evolution of freeform metagrating; (b) transmission efficiency and deflection efficiency of the freeform metagrating with

different polarization directions.
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Abstract

Metasurfaces consist of arrays of artificial atoms arranged on a subwavelength scale, and have significant
advantages in modulating the phase, amplitude, and polarization of optical field. Limited by the discrete
sampling principle and the assumption of periodicity, the conventional forward design method suffers
unavoidable design errors, which easily leads the device performance to degrade. In this paper, a freeform
wavelength division multiplexing (WDM) metagrating with a large deflection angle and polarization-insensitive
characteristics is inversely designed by using an adjoint multi-objective topology optimization method. The
simulation results show that the topology-optimized WDM metagrating has superior polarization in sensitivity
compared with the discrete regular structure, with a deflection angle of 70.8° at 510 nm, an absolute deflection
efficiency of 48%, and a transmission efficiency of 98% for 852 nm incident light. On this basis, the absolute
deflection efficiency can be optimized to more than 70% by using a random initial structure. The freeform
WDM metagrating designed in this paper has the advantages of large deflection angle, high efficiency, and low
spatial crosstalk, and has potential applications in optical communication, micro and nano-optical field

modulation, and Rydberg atom-based microwave measurements.
Keywords: freeform metasurface, inverse design, topology optimization, wavelength division multiplexing
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