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BernardKress(Microsoft/Hololens)

Technologysimplification:
άŀsingledigitalpattern (onemasklevel)cancreateanarbitraryanalogphaseprofileέ

R. J. Martins et al (2021 submitted)
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Fermat Principle
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Fermat Principle: conventional optics

Metamaterials: Controlling light propagation
No reflection and no shadow : cloaking
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The 21th century, the era of photonics 

Camouflage Science fiction

Invisibilitycloak
Science 2006

D. Smith, D. Schurig, S. Cummer

Metamaterial
Greek/latin composition

˃ʶˍʱmateria
«Beyond Matter»

Material engineered to have a property not found in naturally occurring materials
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Metasurfaces @ CRHEA
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Hideyour
rabbit in 

round hat !

Cars «propagate» at the samespeedCars «propagate» at different speed as a functionof the length
of their trajectory

Slide adaptedfrom M. Wegener courses
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1. General intro: Optics at interfaces

Metamaterials are rationally designed composites
made of tailored building blocks that are composed
of oneor more constituentbulk materials.

5 Å

Amorphoussilica(TEM)

ConventionalMaterial

Ordinary materials are built up from atoms. To
reduce the underlying complexity, materials are
often treated asfictitious continuousmediawith
associated effective parameters such as the
optical refractive index.

Metasurface

Metamaterial

Shape
size ‗Ⱦυ

Lattice
size ‗Ⱦς

M. Kadic, G. W. Milton, M. van Heckeand M. Wegener , Nature ReviewsPhysics1, 198ς210 
(2019)
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1. General intro: Optics at interfaces

Oneof the lawsof optics,Snell-Descarteslaw, statesthat a light ray passingfrom one
transparentmediumto anotheris bent at the interfaceby an amountthat dependson
the so-calledrefractiveindicesof the two media.
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1. General intro for the optics at interfaces

Locally engineering of the surface response 

N. Yu, P. Genevet, M. A. Kats, F. Aieta, J.P. Tetienne, F. Capasso and Z. Gaburro, Science 334,333 (2011).  
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Wavefront control

Wafer level fabrication of optical components

Engineering of the phase, amplitude, and polarization of light at an interface

Classicallens (~ cm) Meta-lens( ~nm)

1. Generalities

However, it requires 
nanoscale light 
manipulation 
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Phase Addressing Mechanisms
Resonantscattering

- Plasmonic Resonator(“)
- Dielectric Resonator(ς“

usingHuygens EM design?)

[A. Miroshnichenko ]

1. Generalities

Overlapping e & m resonances
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Electric Magnetic

Decker et al., Adv. Opt. Mat.13, 813 (2015)
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Phase Addressing Mechanisms
Resonantscattering Pancharatnam-Berry     

(PB) Phase

- Plasmonic Resonator(“)
- Dielectric Resonator(ς“

usingHuygens EM design?)

-Polarizationconversion
-Birefringentplasmonic or 
Dieletrics
-full ς“phase coverage

Decker et al., Adv. Opt. Mat.13, 813 (2015)

[A. Miroshnichenko ]

1. Generalities

Half wave plate

LCP

RCP
2˒

ü a geometric phase obtained from anisotropic nanopillars

ꜚ 2˒

Nanoscale Half wave plate
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Phase Addressing Mechanisms
Resonantscattering Pancharatnam-Berry     

(PB) Phase
Effectiveindex waveguides

- Plasmonic Resonator(“)
- Dielectric Resonator(ς“

usingHuygens EM design?)

-Polarizationconversion
-Birefringentplasmonic or 
Dieletrics
-full ς“phase coverage

- Not subwavelengthin 
thickness

- StrongNF coupling

Decker et al., Adv. Opt. Mat.13, 813 (2015)
Y. Xieet al., Nat. Nanotechnol. 15, 125ς130 (2020)

[A. Miroshnichenko ]
M. Khorasaninejad, Nano Letters, 16(:7229, 
2016.

P Genevet, F Capasso, F Aieta, M Khorasaninejad, R Devlin, Optica4 (1), 139-152 (2017)

1. Generalities
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Full wavefront addressingrequiresphase elementsrangingacrossthe 2“phase delay

Effective Index Waveguides

Ὄ ‗Ⱦɝὲ

1. Generalities
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ü Dielectric nanopillars acting as waveguides - Controlling phase 
shift by tuning the diameter of nanopillars.

ü Agrees with fundamental mode calculation

M. Khorasaninejadet. al, Nano Letters, 16(11):7229-7234, 2016.

Effective Index Waveguides

1. Generalities
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Phase Addressing Mechanisms
Resonantscattering Pancharatnam-Berry     

(PB) Phase
Effectiveindex waveguides

- Plasmonic Resonator(“)
- Dielectric Resonator(ς“

usingHuygens EM design?)

-Polarizationconversion
-Birefringentplasmonic or 
Dieletrics
-full ς“phase coverage

- Not subwavelengthin 
thickness

- StrongNF coupling

Decker et al., Adv. Opt. Mat.13, 813 (2015)
Y. Xieet al., Nat. Nanotechnol. 15, 125ς130 (2020)

[A. Miroshnichenko ]
M. Khorasaninejad, Nano Letters, 16(:7229, 
2016.

SINGULAR SCATTERING

ς“Topological phase 
encircling singularities

E. Mikheeva,  R. Colomet al.  (in progress)

1. Generalities
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1. Generalities

Isolated vs Open System

18

Isolated 
System

Exchangeof energy

Environment

Energy is conserved 
Hermitian Hamiltonian 
Realeigenenergies

Gain or loss
Non-Hermitian Hamiltonian
Complex eigenenergies

Scattering: Radiation losses

induces non-Hermiticity

Open 
System
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1. Generalities

Complexfrequencyanalysis: presenceof Singularities

L = 350 nm, period p = 500 nm, 
Particles material with 
pemittivityʶ Ґ уΦлрΣ 
Substrate & embedding 
ƳŜŘƛǳƳ ʶ Ґ нΦнр



P. Genevet,  CRHEA, CNRS, France  email: pg@crhea.cnrs.fr

Global 
optimization

M. Elsawy
(INRIA,

LanteriGroup)

M Elsawy,etal. , Scientific Reports  9 (1), 1-15 (2019)

2. Nanoscale manipulation of the EM field properties

Ɑ

Ɑ
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Integrated Point cloud sources & Laser scanning

3. Applications and CRHEA contribution

2 2 2

collimator

2
=2 - x y f f

p
f p

l
+ +̂ - ̃

(x,y)
A desired phase delay at a given position (x, y) with respect to 
the center of the array ,collimating the incoming beam into a 
normally incident plane wave.

YY Xie, et al., Nature nanotechnology15 (2), 125-130 (2020)
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Integrated Point cloud sources & Laser scanning

3. Applications and CRHEA contribution

With metasurface

Without metasurface

For comparison, the bare VCSEL is highly diverging with a 
divergence angle about 36o 

The collimation efficiency of the metasurfaceis about 57%.

YY Xie, et al., Nature nanotechnology15 (2), 125-130 (2020)



P. Genevet,  CRHEA, CNRS, France  email: pg@crhea.cnrs.fr

Integrated Point cloud sources & Laser scanning

3. Applications and CRHEA contribution

YY Xie, et al., Nature nanotechnology15 (2), 125-130 (2020)

Vortex  VCSEL

P. Genevetetal Appl. Phys. Lett. 100, 013101 (2012).

+
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Integrated Point cloud sources & Laser scanning

QH Wang et al., Laser & PhotonicsReviews15 (3), 2000385 (2021)

With metasurface

Without metasurface

Applications & integration of MS
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Vectorialwavefront shaping Metasurfacesand holography

3. Applications and CRHEA contribution

y
x

z

a

Intensity Azimuth angle Ellipticity angle

Q. Song

Q Song, et al., Science advances7 (5), eabe1112 (2021)Q Song, et al., Nature Communications11 (1), 1-8 (2020)

Q Song, et al., Nature Communications(in press2021)
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With metasurface

Without metasurface

Applications & integration of MS

Human perception
Å Frame rate around 150 Ὢὴί

Å Response times ~273 άί τͯὌᾀ

Field of view with variable resolution ~120°

Å Binocular vision (focusing on an area of interest)

Å Powered by brain interpolation

Human reaction time (Perceiving and reacting)

Motivation:

Provide tools to increase the perception of the 
environment beyond human capabilities 

Human eye
90M rods + 4.5M cones

Resolution: number of pixels (?)



LiDAR ςLight imaging And Ranging

Å Allows to sense the space and map the 
environment

ïAdvanced driver-assistance 
systems ςADAS

ïIndustry 4.0

ïLand mapping

ïVirtual reality/Augmented 
reality
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With metasurface

Without metasurface

Applications & integration of MS

LiDAR ςToF technique

Start Stop
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Maximum range distance is given by the repetition rate
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LiDARsapplications

With metasurface

Without metasurface

Applications & integration of MS

(2021)

(2021)

R-
zero
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With metasurface

Applications & integration of MS

Juliano Martins, S. Khadir , M. Giudici and P. Genevet, Patent EP21305472.9 (2021 ), ( paper submitted )

LiDARsapplications (MHz beam steering)
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Applications & integration of MS

Proof of concept 1D ςSimple ToF imaging

Round reflector

Small 
reflector

Box reflector

Position ●ȟ◑ Position ●ȟ◑Position ●ȟ◑
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Applications & integration of MS

Proof of concept 1D

Round reflector
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Juliano Martins, S. Khadir , M. Giudici and P. Genevet, Patent EP21305472.9 (2021 ), ( paper submitted )



P. Genevet,  CRHEA, CNRS, France  email: pg@crhea.cnrs.fr

Applications & integration of MS

Proof of concept 1D

Juliano Martins, S. Khadir , M. Giudici and P. Genevet, Patent EP21305472.9 (2021 ), ( paper submitted )

Image 1 ς60k frames/s
500 pixels, 100 frames

Image 2 ς300k frames/s
100 pixels, 10 frames


