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METAMORPHOSIS OF 
NANOSTRUCTURED LENSES: 
HYBRIDIZATION AND FREE-FORM 
METALENSES FOR TOTAL ANGULAR 
MOMENTUM CONTROL

1 Execellence Project of  DFA



Optics change the word, lenses change the optics
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Microlenses
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Diffractive optical elements
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λ=632.8 nm (laser HeNe) 
n~1.5 (glass) d~1265 nm
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The concept of  diffractive optics was
firstly implemented by A. Fresnel in 
1827 and applied to a novel design of  
lighthouses.



Iterative Fourier Transform Algorithm (IFTA)
with Error-Reduction Approach (Gerchberg and 
Saxton algorithm)
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Holorams for twisted light

Diffractive optics for modal
decomposition into a 
harmonic set: OAM-mode 
analyzer
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The orbital angular momentum (OAM) of light
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J. Wang, Science China: Physics, Mechanics and Astronomy, 62, 3, 034201 (2019).
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( )exp i J!azimuthal phase:
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OAM for information encoding (SDM/MDM)
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D. J. Richardson, J.M. Fini, and L.E. Nelson, Nat. Photon. 7, 354-362 (2013) 

In the last decade, important steps forward the generation 
and sorting of  OAM beams in an efficient and compact 
way (e.g. log-pol sorter) 

However, optical devices are still missing for:
- OAM multiplication
- OAM division
- Routing
- Switching

Is there a solution to manipulate OAM in an efficient and 
compact way?
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log-pol optical transformation
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UNWRAPPER

PHASE-CORRECTOR 

lens

Optical fiber
(multimode)

G.C.G. Berkhout et al., Phys. Rev. Lett. 105, 153601 (2010) 
M. P. J. Lavery, et al., Opt. Express 20, 2110-2115 (2012)
Ruffato, G.,et al. & Romanato , Sci. Rep. 8, 10248 (2018).
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COMPACTNESS
MINIATURIZATION

cross-section

Diffractive optics approach (since 2017)

EFFICIENCY

refrative optics diffractive optics

20 µm
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SEM inspection: unwrapper
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10 µm
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2 µm



Optical characterization: cross-talk
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N=1 N=3 N=5

XT(Δℓ=1)=-9.13 dB
XT(Δℓ=2)=-21.9 dB

XT(Δℓ=1)=-5.79 dB
XT(Δℓ=2)=-16.01 dB

XT(Δℓ=1)=-2.32 dB
XT(Δℓ=2)=-8.45 dB
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Research outputs on multiplexing (2017-19)
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Optical characterization for ℓ={-9,…,+9}
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From diffractive optics to metasurfaces (2019)
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50 µm
5 µm 3 µm

The same phase map 

Different microscopic 
structure
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Ruffato, G. et al. & Romanato , Opt. Express 27(11), 15750-15764 (2019) c



Optics & electronics: the size/material divide
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Integrated Silicon electronicsMiniaturized glass optics



The downscaling of transistors (Moore’s law)
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Metalenses: the optical (r)evolution
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Revolution in optics:
- Flat (2D) optical element (thickness <0.5 µm)
- Multifunctionality
- Aberration correction
- Exploitation of  SILICON

Capasso’s group, Science 352, 6290, 1190-1194 (2016) 

Capasso’s group, Nano Letters 18, 7801-7808 (2018) 
Capasso’s group, Nature Nanotech.13, 220-226 (2018) S. Shrestha et al., Light: Science&Applications 7, 85 (2018) 

S. Shrestha et al., Light: Science&Applications
7, 85 (2018) 

Capasso’s group, Nature Communications.10, 355 (2019) 



Metalenses: a new paradigm for optics
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Prof. F. Capasso
(Harvard School of  Engineering 
and Applied Sciences)



Metalenses: the optical (r)evolution
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‘’The same company/foundry will be able to manufacture the whole module and chip plus
optics, disrupting the standard business model. […] This provides the possibility of unifying
two industries: semiconductor manufacturing and lens-making. I thereby envision a future of
digital optics based on metasurfaces with increased density of optical components and
functionality per metasurface […], akin to Moore’s law for digital electronics.’’

F. Capasso, in The Future and Promise of flat optics: a personal perspective, Nanophotonics
7(6), 953-957 (2018).
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Next steps: quantum and Artificial Intelligence
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Multiplication and Division of  the
Orbital Angular Momentum
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ALGEBRA OF LIGHT
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Latest research on reconfigurability (2019)
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Latest result: metalenses for multiplexing (2019)
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10 µm

5 µm

Diffractive optics (3D - glass)

Subwavelength gratings
in Silicon

80 µmMesurface optics (2D – Si)



Pancharatnam-Berry optical elements
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Capaldo, P.,et al & Romanato., Opt. Mat. Express 9(3), 1015-1032 (2019)
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Diffractive optics as space-variant
subwavelength gratings:
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Metalenses structure

28/09/20Execellence Project of  DFA27



Sorting scheme ℓ in the range from -10 to +10
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Si metaUnwrapper

3D double phase-corrector
+ Fresnel correction

3D Fresnel lens

bulk lens

ℓ=+3, σ=+1

ℓ=+3, σ=-1
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How to multiply the OAM?
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The idea is to split the beam and project each copy onto complementary circular sectors:

2n =

4=! 8=!
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Key-element: circular-sector transformation
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The OAM multiplier
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The n-fold multiplier is the combination of  n circular-sector transformations:
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The OAM multiplier
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The n-fold multiplier is the combination of  n circular-sector transformations:
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The OAM divider
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Division is performed using the inverse optical operations. The input beam is split into n OAM beams carrying 1/n the 
input OAM:

1/ 2n =
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Summary
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