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Metasurface designed with quantitative field
distributions
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Abstract
A new method for designing metasurfaces has been proposed and demonstrated, which allows for the generation of
precise quantitative field distributions. This unique approach involves combining a tandem neural network with an
iterative algorithm to optimize the metasurface design, enabling accurate control over the intensity and polarization of
the resulting field. This strategy is both efficient and robust and has the potential to accelerate the development of
metasurface devices with complex functionalities.

Metasurface, a new class of planar diffractive elements
composed of an array of subwavelength meta-atoms, has
been demonstrated to be extremely versatile in manip-
ulating the vectorial electromagnetic fields, including the
wavefront1–4 and polarization5–8. The conventional
strategy for designing a metasurface is based on the
independent assembly of a series of meta-atoms with
different shapes and orientations. Such an approach
requires constructing a map connecting the required
electromagnetic response with the meta-atom geometry
by sweeping over a wide structural parameter space,
resulting in time-consuming simulations.
Artificial neural networks (ANNs) are complex systems

with numerous interconnections between multiple layers.
It can be trained to establish the relationship between the
electromagnetic response and the geometry of the meta-
atom in an efficient manner9,10. ANNs can be broadly
divided into two categories, forward neural networks and
inverse neural networks, based on their function in the
metasurface design. Forward neural networks predict the
electromagnetic response of input meta-atoms with
varying materials and shapes11, replacing time-consuming
full-wave electromagnetic simulations. Inverse neural
networks are trained to directly identify the metasurface
design with a targeted electromagnetic response12.
Despite much recent progress, it remains challenging to

identify ANN-assisted metasurface design approaches for
the automated generation of an electromagnetic field with
precisely determined, quantitative field distributions. For
instance, for polarization-splitting metalens, the intensity
ratio between two orthogonal polarization states needs to
be manually controlled.
In a recent work13 published in Light: Advanced Man-

ufacturing, Prof. Xiaofei Zang, Prof. Yiming Zhu, and
collaborators from the University of Shanghai for Science
and Technology and Tongji University have proposed a
new metasurface design approach, which combines a
bidirectional deep neural network and an iterative algo-
rithm, to generate a more quantitative field distribution.
In the first step, the bidirectional deep neural network
consisting of a predicting neural network and a pre-
trained forward neural network is designed to generate a
qualitative field distribution. Subsequently, to enable
precise and automated manipulation of the spatial dis-
tribution of the vectorial electromagnetic field, including
the amplitude, phase, and polarization, an iterative algo-
rithm is added to the tandem neural network to predict
metasurface devices with more precisely controlled field
distributions, as schematically shown in Fig. 1.
To validate the proposed approach, a series of metasur-

face devices have been designed, including metalenses that
generate two foci with intensity ratios varying from 1:1 to
0.6:1 and with either identical or orthogonal polarization
states and vortex generators for generating position- and
polarization-dependent converged vortices. The designed
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metasurfaces have been fabricated and experimentally
measured in the terahertz frequency regime, showing close
agreement with the numerical predictions.
The method proposed in the presented work further

extended the capability of ANNs to identify proper meta-
surface designs with stringently tailored responses in a
straightforward and efficient manner. It provides a platform
for globally optimizing complex vectorial electromagnetic
responses of metasurfaces, which may be useful for appli-
cations including parallel laser direct writing, polarization
imaging, and spatially multiplexed optical communication.
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Fig. 1 The metasurface with quantitative field distribution predicted by tandem neural networks and iterative algorithms. Combining a
bidirectional deep neural network and an iterative algorithm to design a metasurface with a quantitative field distribution. The input parameters
include amplitude, phase, and polarization, as shown on the left panel. The schematic on the right panel illustrates the predicted metasurface for
generating focal spots with customized polarization and intensity ratio
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