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Simultaneous generation of multiple optical vortex

(OV) lies at the heart of the application for orbital angular
momentum (OAM) multiplexing both in classical and
quantum domains. Previous structure with segmented or
interleaved functional sub-areas in a single nano-device
has been developed at the cost of its compactness and
channel capacity. Back-to-nature design inspired by the
spiral phyllotaxis pattern in this work offers a fresh way to
fabricate a truly space-degenerated nanoscale multiple-
OVs-generator, namely vortex nanosieves. Both free-
space and plasmonic near-field OAM multiplexed OVs
are produced with two different forms of the phyllotaxis-
inspired patterns, which are proved by rigorous mathe-

matical language and completely consistent experimental
results. Except for the structural degeneracy of the device,
the OAM modes extracted from the vortex nanosieves are
controllable according to the internally embedded mul-
tiple spirals, which is particularly suitable for the high-
order OAM modes generation. Furthermore, the OAM
multimode output displays a concentric-ring type natu-
rally with negligible misalignment. These superiorities
make the phyllotaxis-inspired vortex-nanosieves device a
programmable multi-OAM-modes generator and multi-
plexer, which will facilitate research in both on-chip
photonic devices and OAM information optics.
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Abstract
Inferring the properties of a scattering objective by analyzing the optical far-field responses within the framework of
inverse problems is of great practical significance. However, it still faces major challenges when the parameter range is
growing and involves inevitable experimental noises. Here, we propose a solving strategy containing robust neural-
networks-based algorithms and informative photonic dispersions to overcome such challenges for a sort of inverse
scattering problem—reconstructing grating profiles. Using two typical neural networks, forward-mapping type and
inverse-mapping type, we reconstruct grating profiles whose geometric features span hundreds of nanometers with
nanometric sensitivity and several seconds of time consumption. A forward-mapping neural network with a
parameters-to-point architecture especially stands out in generating analytical photonic dispersions accurately,
featured by sharp Fano-shaped spectra. Meanwhile, to implement the strategy experimentally, a Fourier-optics-based
angle-resolved imaging spectroscopy with an all-fixed light path is developed to measure the dispersions by a single
shot, acquiring adequate information. Our forward-mapping algorithm can enable real-time comparisons between
robust predictions and experimental data with actual noises, showing an excellent linear correlation (R2 > 0.982) with
the measurements of atomic force microscopy. Our work provides a new strategy for reconstructing grating profiles in
inverse scattering problems.

Introduction
Inverse scattering problems (ISPs) arise in many fields of

science and engineering such as computed tomography1,2,
fiber Bragg gratings3, and optical metrology4–7. A typical
ISP, is composed of three parts: a set of scattering objec-
tives, a set of light responses and a measurement operator.
For scattering objectives, one should make a parameter
space whose elements are arrays of parameters, describing
the scatters’ geometries and components; for light
responses, a data space is needed whose elements corre-
spond to the measured optical responses of scatters in the
far field, such as reflectance spectra. As the connection of

these two sets, a measurement operator characterizes the
mapping from parameter space to data space. To solve
ISPs, namely inferring an element of the parameter space
from that of the data space, it executes the inversion of the
measurement operator—inversion operator. Two key
properties of the inversion operator are its injectivity and
stability8. Injectivity requires the acquired data to uniquely
characterize the parameters, and stability is closely related
to the measurement noises.
Many algorithms and measuring techniques have been

developed to solve ISPs with good injectivity and stability.
In terms of algorithms, the genetic algorithm9 and library
approach10 stand out with their understandability and
feasibility. However, the existing algorithms are usually
time-consuming due to the global optimization of a huge
parameter space. Recently, neural networks11,12 (NNs)
have offered a new perspective to solve inverse pro-
blems13–17; for instance, by inverse structure design18–27.
But when applied to practical ISPs, the performance of
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