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Agenda
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ÅConclusion

 



TII ï Technology Innovation Institute

Light Manipulation
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Coherent Optical Communication

Nature Light Sci Appl 11, 205 (2022)
2 1
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Metasurfaces in Optics: A Decade of Growth, and going

9

ÅRapid Expansion: Metasurfaces have revolutionized optics due 

to their compactness and design flexibility.

ÅKey Appeal: They offer unprecedented control over light using 

two-dimensional materials.

ÅMaterial Diversity: A wide range of materials, from metals to 

flexible platforms, can be used to construct metasurfaces.

ÅMeta-Atom Design: The nanoscopic arrangement and shape of 

meta-atoms dictate the optical properties of metasurfaces.

ÅControl of Light: Metasurfaces can manipulate light in terms of 

amplitude, phase, polarization, and nonlinearity.

ÅApplications: Their wide applications arise from the intricate 

physics of the engineered structures.

Harvard ï Science 334, 6054 (2011)
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Plasmonics
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ÅDefinition: Plasmonics relies on surface 

interactions between light and free electrons in 

metals.

ÅMechanism: Confinement through surface 

plasmon polaritons (SPPs) at metal-dielectric 

interfaces.

ÅWavelength Range: Resonates at a fixed 

wavelength, typically in the visible to near-infrared 

range.

ÅQuality Factor: Lower Q-factor due to significant 

energy dissipation.

ÅLosses: Higher losses due to ohmic heating in 

metals.

ÅApplications: Best for ultra-sensitive 

biosensors, nanoantennas, and sub-wavelength 

optics.

ÅFabrication: Uses metal nanostructures, 

requiring precision to balance confinement and 

losses.
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Quasi-Bound States in Continuum
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ÅDefinition: Quasi-BICs trap light in a nearly 

perfect resonance state with minimal energy 

leakage.

ÅMechanism: Light is confined through 

interference and resonance tuning.

ÅWavelength Range: Can be engineered for 

multispectral performance, covering broad 

wavelength ranges.

ÅQuality Factor: Extremely high Q-factor, 

meaning minimal energy loss and long light 

trapping.

ÅLosses: Low losses due to efficient light 

confinement in dielectric materials.

ÅApplications: Ideal for sensors, lasers, filters, 

and metasurfaces requiring high precision.

ÅFabrication: Built using dielectric materials, 

easier to manufacture with low energy 

dissipation.
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Multispectral and Multifunctional Metasurfaces
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Caltech - Optica 3, 628 (2016)

Stanford - Science 364, 6441 (2019)
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Polarization, OAM and Wavefront 
Shaping
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Metasurfaces for 3D Polarization Structures
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University of Shanghai for Science and 
Technology - Laser Photon. Rev. 13, 1900182 
(2019)
Heriot-Watt University - Light Sci App 11, e302 
(2022); Adv. Opt. Mater. 12, 2203097 (2024)
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Angular momentum of light

üArises from polarization of light

ü       per photon>°

>l°

Physics Today 57, 5, 35 (2004)

ü2 degrees of freedom per photon

Spin angular momentum

Orbital angular momentum 

üInfinite degrees of freedom per photon

üArises from helical 

wavefronts 

ü       per photon

Opt. Express 21, 16282-16289 (2013)

Review of Scientific Instruments 84, 

026103 (2013)

15
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On-off keying one image 1 bit 

Vortex beams for modulation. One image 3 bits. 

0 1

000 001 010 011 100 101 110 111

l = 1 l=2 l=3 l=4 l=5 l=6 l=7 l=8

Free Space Communication On-Off keying and Vortex beam 

Light Sci Appl 8, 27 (2019)



Light: Science & Applications 3, e167 (2014)

Vortex generation: Plasmonics

17Phys. Rev. X 11, 021050 (2021)



Vortex Receiver using Metasurfaces
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Opt. Express29, 34900-34912 (2021)

The wave front  is generated indirectly,  mediated  by a 

thermally  populated  quasibound states in the 

continuum (QBIC) that  correlates  optical  energy across 

the surface before scattering  to the far  field .
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OAM Receiver

To address Challenges in OAM based communication

fake image in domain B

real or fake ? 

real image in domain B

real image in domain A reconstructed image

in domain A
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CycleGAN

DDPM architecture 
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Epsilon Near Zero (ENZ) Photonics
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Epsilon Near Zero Photonics

High Kerr 
Nonlinearity

PRL 116, 
233901 (2016)

Science 352, 
795 (2016) 

Nanomaterials 
2022, 12, 3499

spin-orbit 
coupling

PRL 118, 
104301 (2017)

Optica 9, 9, 
(2022)

Exotic 
Light-matter 
interaction

PRL, 100, 
033903 (2008)

PRL 100, 
023903 (2008)

Sci. Adv. 8, 
(2022)

- metals: ɤP å 1015 Hz > Optical 
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Electromagnetic tunnelling in ENZ

Exotic Light-Matter Interaction

22

em
l
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==fv

Nature Photonics11,pages149ï158 (2017)

PRL,100, 033903 (2008)

PRL100,023903 (2008)

Å The group velocity becomes zero, leading to 

enhanced light-matter interaction
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SOI in ITO Films
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PRL 118, 104301 (2017) Indium tin oxide of thickness 0.4 ɛm and ɚ= 1240 nm, Ů = 0.347i
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ENZ SOI Experiments

Sample, Setup and Main Results
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Å Cross-section image of the ITO film. Showing an 

approximate thickness of 310 nm.

Å Substrate dimensions: 25 mm U 25 mm U 1.1 mm

Å Hall measurement data:

Sheet resistance  = 5 ɋ/sq

Carrier Charge Conc. =

1.197 U1021 /cm2
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Outlook: Near Future Devices; 
Metasurface Integrations
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Near Future Devices: Metasurface integration
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https://www.nature.com/articles/s41377-023-01169-4

https://www.nature.com/articles/s41377-023-01169-4
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Metasurface integrated Receivers
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Metasurfaces-integrated receivers for (a and b) efficiency improvement, (c) selective photodetection, (d and e) wavefront sorting, and (f) increasing field of view (FoV).
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Microelectromechanical systems (MEMS)-integrated metasurfaces
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Microelectromechanical systems (MEMS)-integrated metasurfaces for MEMS-actuated (a and b) metalens, (c) beam-steerer and (d and e) structural-color pixel.
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