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Generations of Structured Light (Invited)
Zhang Yan ', Nan Tong"

Beijing Key Laboratory of Metamaterials and Devices, Department of Physics, Capital Normal University,
Beijing 100048, China

Abstract A structural beam refers to a light field that is “customized” in both space and time, characterized by its unique
distribution of amplitude, phase, and polarization state in both space and time. Recently, research on structured light
beams has developed rapidly. This has led to the evolution of a special distribution of optical parameters from specific
spatial transverse and longitudinal structures to customized spatiotemporal structures. This type of beam with different
spatiotemporal structures has brought breakthroughs in many fields, including optical communication, optical sensing,
optical micromanipulation, quantum information processing, and super-resolution imaging. Therefore, various methods
have been proposed, and related devices have been manufactured to generate structured light beams by adjusting the
distribution of various optical parameters of the beam in spatial and spatiotemporal domains. This study mainly introduces
the preparation methods for different types of structured light beams, such as spatially structured and spatiotemporal
structured beams. Therefore, it provides a comprehensive overview of the generated structured beams, along with a
discussion and outlook on the future development direction of structured beams.
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Fig. 1 Different types of structured light beams
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Fig. 2 Generation of ultrasmall non-diffractive light fields with axially uniform and oscillating intensities using single-layer
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Fig. 3 Generation of Bessel-like beam. (a) Diffractive optical element with the period P and the track of the zero-order Bessel beam
peak behind the diffractive optical element; (b) rays emitted from expanding circles on the input plane intersect on the specified

focal curve; (¢) realization of a 2D sine beam and a helical beam based on the 1D sine beam
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Fig. 4 Generation and characterization of terahertz ring-Airy beam. (a) Designed ring-Airy meta-hologram with a partial optical image
in the inset; (b) experimental setup for characterizing the intensity distribution of the generated ring-Airy field; (c) experimental
intensity distributions on the initial plane at a frequency of 0. 8 THz; (d) vertical view of the THz ring-Airy beam propagation on

the -z plane from the experiment
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Fig. 5 Generation of single and array self-accelerating beams based on synthetic phase method. (a) Schematics of simple and synthetic

phase profiles and synthetic-phase all-dielectric metasurfaces for generating twodimensional Airy optical beams; (b) schematics

of added phase profiles, all-dielectric metasurfaces used to generate a single cosine-oscillation Bessel-like beam, and an array of
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modes; (e) experimental results: broadband performance of meta-converters
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Fig. 9 Generation of vortex beams with different orders in the terahertz range using metasurfaces. (a) A complementary V-shaped
antenna phase modulation unit; (b) eight kinds of complementary V-shaped antenna structures corresponding to phase shifts from
—3n/4 to = with a «/4 interval; (c) (d) the photographs of the central parts of two designed VPPs with /=2 and /=3; (e) () the

measured vortex phase distributions with /=2 and /=3; (g) (h) the simulated vortex phase distributions with /=2 and /=3

(@)

//_ Bessel converter
=

12

P10 T 7= A 58 R IR HE R 19 PBAH T R Gt LA B 2 35 7 AR 14 56 5 1 e O TR

Fig. 10 PB phase element system for generating perfect vortex beams and experimental generation of perfect vortex beams
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Fig. 11 Generation of fractional order vortex beam. (a) Geometry and notation of the spiral slit for achieving an anomalous Bessel

~

vortex beam; (b) schematic principle for metasurface-based versatile generation of OAM carrying integer and fractional modes
engineered by polarization modulation; (c) generation of the phase mask; (d) fractional elliptic perfect optical vortex modes with

different gap positions
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Fig. 12 Generation of composite vortex beam. (a) Generation of concentric electron vortex beams and the measurement of their topological

charges; (b) schematic of the approach for composite vortex beams generation using a single metasurface; (c¢) schematic of the

approach for the superposition of grafted perfect vortex beams in multiple channels with a single metasurface
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light; (b) radial component light intensity and polarization state distribution diagram in a tightly focused light field of radially

polarized light; (c) radial polarized light in a tightly focused light field longitudinal component light intensity and polarization

distribution diagram
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Fig. 14 Generating vector beam based on SLM. (a) Schematic of experimental setup; (b) generated single-mode vector beams under

different initial phases; (c) Poincar’e sphere X and different states of polarization on Poincar’e sphere; (d) the experimentally

generated four different vector fields
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=+1; (b) higher-order Poincaré sphere representation for | ¢|=|o|,{=—1; (c) G sphere for m=1; (d) experimentally

generated vector fields described in the G sphere
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Fig. 16 Generation of nondiffracting Bessel beams with polarization state that varies with propagation distance. (a) Line focus with an

axicon; (b) producing two linear orthogonal polarization states along the propagation distance; (c) line focus with continuous

variation of the state of polarization along the propagation distance; (d) schematic of experimental setup; (e) experimental

generation of nondiffracting Bessel beams with polarization variation along propagation distance
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Fig. 17 Generation of nondiffracting beams with axial uniform intensity and polarization variation along the longitudinal axis.

(a) Schematic of reshaping the axial intensity distributions of quasi-Bessel beams; (b) illustration of constructing polarization

oscillating beams
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Fig. 18 Generation of structured light beams with polarization variation along propagation using metasurfaces. (a) Schematic of the
multi-foci metalens with polarization-rotated focal points; (b) schematic of the metalens with customized focal curve and
polarization profile in 3D space; (¢) 3D vector beam generation based on metasurface; (d) schematic of structured light beams

with polarization variation along the propagation path generated using metasurfaces
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Fig. 20 Generation of radially polarized Lorentz beams and vector vortex beams. (a) Schematic principle for converting a right

circularly polarized uniform plane wave to a radially polarized Lorentz wave and schematic view of cross antenna in each unit;

(b) schematic illustration of the hybrid-order Poincaré sphere, experimental setup to generate arbitrary vector vortex beams on

the hybrid-order Poincaré sphere and schematic illustration of generating a vector vortex beam
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Fig. 21 Generation of perfect vector vortex beams and perfect Poincaré beams. (a) Generation of perfect vector vortex beams using a

single-layer metasurface; (b) principle of generation of generalized perfect Poincaré beams via dielectric metasurface
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Fig. 23 Generation of spatiotemporal optical vortex beams. (a) Experimental schematic for generating spatiotemporal optical vortices;

(b) generation of ultrafast spatiotemporal wave packet embedded with time-varying OAM; (c) intensity and phase information

of an experimentally generated photonic toroidal vortex
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