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tegrated photonics, modern optical systems require multi-band beams to be independently controlled in three
dimensions within compact platforms. However, conventional multi-band solutions typically rely on mul-
tiple optical components or complex folded beam paths, resulting in bulky structures and inter-band crosstalk
that limit device integration and scalability.To address this challenge, we propose a dual-band dual-phase-
gradient design strategy for independent wavefront control. This approach enables mutually independent
phase-gradient units for different wavelengths to coexist on a single-layer metasurface, achieving spatially in-
dependent beam deflection. To validate the strategy, a Si/SiO, all-dielectric metasurface is designed for the
800 nm and 1150 nm bands.The meta-units provide full 0—2n phase coverage at their respective bands.
By imposing phase gradients and arranging the two types of units in a 90° rotationally interleaved configura-
tion, a composite periodic structure is formed in which dual-band phase profiles coexist without interference.
Simulations show that under the condition of normal incidence, the device deflects the transmitted beams in
the 800 nm wavelength band by approximately 14° in one lateral direction relative to the incident normal,
while deflection that in the 1 150 nm wavelength band by about 24° in another lateral direction, achieving
clear spatial separation and independent beam manipulation. The device also exhibits polarization-insensitive
and stable wavefront control, confirming the reliability of its dual-band orthogonal operation.This design
strategy provides a compact, efficient, and generalizable pathway toward highly integrated multi-band on-
chip photonic devices, with broad potential applications in spectral imaging, dual-band communication, and

integrated photonic systems.
Key words: dual-band beam deflection; dual-gradient phase design; all-dielectric metasurface; polarization-
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Fig. 12 Numerical simulation results of dual-band ortho-

gonal transmissive phase distributions, where the
dashed lines represent the equi-phase surfaces and
the arrows indicate the light propagation direction.
(a) Transmission phase distribution in the x-z plane
at the incident wavelength of 800 nm; (b) trans-
missive phase distribution in the y-z plane at the in-

cident wavelength of 1150 nm
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Fig. 13 Dual-band far-field transmissive intensity distribu-
tions of the metasurface array. (a) Far-field intens-

ity pattern at 800 nm wavelength; (b) far-field in-

tensity pattern at 1 150 nm wavelength
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