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Nature Nanotechnology 15, 948 (2020)

Nature Communications 10, 2986 (2019)
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Steering light via sub-wavelength control over amplitude and phase manipulation

Wavefront manipulation via metasurfaces
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•	digitization of holographic diffraction patterns via sub-wavelength 
nanoantennas enables reconstruction of high-resolution images with wide 
field of view

•	superposition of independent transverse polarizations in a sub-wavelength 
distance with minimal cross talk 
⇒ result of highly anisotropic scattering response of nanoantenna

•	metasurfaces enable abrupt (dispersionless) interfacial phase changes and 
hence control over the local wave front on sub-wavelength scales 
⇒ encoding of phase information into surface structures acting as 
point sources in the context of computer-generated holography

•	uniform scattering amplitudes enable very simple generation of phase-only 
polarization-based metasurface holograms of diffuse-reflecting surfaces

Beginnings of metasurface holography
Montelongo et al, Nano Letters 14, 294 (2014) Huang et al, Nature Communications 4, 2808 (2013)

see e.g. review by Huang, Zhang and Zentgraf, Nanophotonics 7, 1169 (2018)
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We focus on enhancing information-storage capabilities via the 
orbital angular momentum degree of freedom

Increasing information capacity via multiplexing
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 	 Chinese Optics 14, 792 (2021)

Optical vortices and metasurfaces
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Change from quasi-continuous to topological-charge-dependent sampling period enables OAM-
pixelated holographic images

Nature Communications 10, 2986 (2019)

Preserving orbital angular momentum
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OAM-conserving hologram + spiral phase plate of phase distribution l𝜑 converts 
OAM of topological charge -l into fundamental mode

Nature Communications 10, 2986 (2019)

Selecting for a specific orbital angular momentum
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Superposition of multiple OAM-selective holograms: 
Different OAM modes carry independent information channels

Nature Communications 10, 2986 (2019)

Phase-only OAM multiplexing holography
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Realization of OAM-preserving holograms via GaN nanopillars of fixed height and varying radii

Nature Communications 10, 2986 (2019)

Lensless reconstruction of holographic images
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Adjustment of CCD pixel sensitivity commensurate with OAM-dependent sampling constants 
aids mode selectivity 

Nature Communications 10, 2986 (2019)

Selectivity and multiplexing
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Height and in-plane rotation of birefringent polymer nanopillars allow 
independent control over amplitude and phase

Complex-amplitude metasurface holography
Nature Nanotechnology 15, 948 (2020)
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Transfer of time-sequence information to the OAM degree of freedom

Nature Nanotechnology 15, 948 (2020)

Flowchart for holographic video encoding

Complex-amplitude metasurfaces for holography and fiber optics implemented via direct laser writing 15



Nature Nanotechnology 15, 948 (2020)

Complex-amplitude modulation via polymer nanopillars
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Demonstration of 2000x2000 pixels video reconstruction in two separate image planes

3D laser-printed complex-amplitude metasurface
Nature Nanotechnology 15, 948 (2020)
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Nature Nanotechnology 15, 948 (2020)

Application in high-security encryption

Complex-amplitude metasurfaces for holography and fiber optics implemented via direct laser writing 18



Outline

Meta-optics for optical fibre applications
arxiv.org/abs/2201.07158

Light: Science & Applications 10:57 (2021)

Metasurface holography
Nature Nanotechnology 15, 948 (2020)

Nature Communications 10, 2986 (2019)

Complex-amplitude metasurfaces for holography and fiber optics implemented via direct laser writing 19



arxiv.org/abs/2201.07158

Design of an achromatic metalens for the telecommunication range: 
radially arranged phase profile for focusing and group delay profile for arrival time compensation 

Complex-amplitude metasurfaces for fiber optics
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arxiv.org/abs/2201.07158

Record bandwidth of 400 nm over the whole telecommunications range

Achromatic focusing and broadband imaging
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2 μm silica sphere E. coli bacterium

Light: Science & Applications 10:57 (2021)

Ultrahigh numerical aperture meta-fibre for trapping
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No trapping with single fibres alone due to low NA 
(additional surfaces required to overcome axial scattering force)

Light: Science & Applications 10:57 (2021)

Focusing and trapping in context
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•	diverging light from fibre end facet is compensated via metalens with 
discretized hyperbolic phase profile (kinoform-type phase distribution, 
circular grating diffracting at Bragg angle)

•	additional compensation of curved wave fronts (spherical aberration)

•	limitations: aliasing (discretization sets upper bound on achievable phase 
change between pixels), coherence of laser source

•	resolution constraints of direct laser writing (300 nm) still enable 
diffraction-limited focusing with NA ≈ 0.9 at wavelength 660 nm

Light: Science & Applications 10:57 (2021)

Design of a trapping metafibre 
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excellent agreement with design, NA ≈ 0.9 constant pitch, varying height < 3 μm, 
write time 1h, transmission > 50%

Light: Science & Applications 10:57 (2021)

Implementation via direct laser writing
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•	trapping in water requires NA of at least 0.8
•	laser diode operating at 660 nm with 37 mW
•	motion of trapped objects recorded via Koehler illum imaging at 455 nm

•	excellent trapping dynamics over timescales > 1 min
•	displacement probability of silica sphere test object follows closely the 

focal spot intensity distribution

Light: Science & Applications 10:57 (2021)

Full 3D optical trapping with a single device
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•	power spectral density evaluation and mean-square-displacement analysis 
for determination of trap stiffness of representative displacement datasets

•	ratio of transverse to axial trap stiffness as expected for elongated focus
•	no particle drift on time scales > 1 min visible

Light: Science & Applications 10:57 (2021)

Determination of trap stiffness
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Metasurface holography
Nature Nanotechnology 15, 948 (2020)

Nature Communications 10, 2986 (2019)

Meta-optics for optical fibre applications
arxiv.org/abs/2201.07158

Light: Science & Applications 10:57 (2021)

Thank you for your attention
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