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Abstract

In order to realize the uniform energy control of linearly polarized multi-focus, a novel design
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method based on deep learning and inverse algorithm is proposed to achieve the uniform energy
control of multi-focus all-dielectric metaslens. The fully connected neural network is used to pre-
dict the unit-cell structures of different sizes, and the Finite Difference Time Domain (FDTD) me-
thod is used to obtain the reverse design and the numerical simulation is verified. Our design me-
thodology demonstrates the inverse design of amplitude and phase distributions for two ortho-
gonal polarization states, resulting in three uniformly distributed focal points in the transverse
direction for x-polarized state and three uniformly distributed focal points in the longitudinal di-
rection for y-polarized state. This unique approach to designing metasurfaces offers a promising
avenue for the development of high-precision devices in the terahertz frequency band, with po-
tential applications in sensing, imaging and detection.
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Figure 1. Schematic diagram of metasurface with uniform distribution of three focal points for orthogonal linear polarization
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Figure 2. Schematic diagram of neural network architecture design for orthogonal linearly polarized uniform three-focus points.
(a)Bidirectional neural network model; (b) Loss function for training the bidirectional neural network; (c)Unit cell structure predicted
by bidirectional neural network model; (d) Multi-focal device with orthogonal polarization designed by the inverse algorithm for
uniform energy distribution
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Figure 3. Simulation results of the electric field distribution for three focal points under x-polarization, both non-optimized
and optimized. (a;)~(az) The simulated electric field distribution results on the x-y and x-z planes for non-optimized. (as) The
non-optimized normalized electric field intensity. (b;)~(b,) The simulated electric field distribution results on the x-y and x-z
planes for optimization. (bz) The normalized electric field intensity for optimization
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Figure 4. Simulation results of the electric field distribution for three focal points under y-polarization, both non-optimized
and optimized. (a;)~(ay) The simulated electric field distribution results on the x-y and y-z planes for non-optimized. (as) The
non-optimized normalized electric field intensity. (b,)~(b,) The simulated electric field distribution results on the x-y and x-z
planes for optimization. (bz) The normalized electric field intensity for optimization
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