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• Total Members: 1,516 members
• A part of benefits of OSA membership

• Mission and Focus
• Serve the community by sharing latest information and providing a pathway for young professionals to 

greater involvement with mentors and peers

• OSA Incubator meeting “Flat Optics: 
Recent Advances and Future Opportunities”

Technical Group at a Glance

Follow-up meeting in 2021 Optical Design and 
Fabrication Congress (open for submission)

#OSAMetamaterialsTG Next chair: Dr. Dimitrios C. 
Tzarouchis
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• https://www.osa.org/TGwebinars

Past webinar recordings

On-Demand webinars
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Webinar Series

Metaphotonics and Metasurfaces Empowered by 
Mie Resonances

Speaker: Prof. Yuri Kivshar

Tuesday, December 15th, 6:00 pm EST

Head, Nonlinear Physics Center, Research School of 
Physics and Engineering, Australian National University

Multiple Q > 40 plasmonic resonances

ACS Photonics 2020



Metamaterials and metasurfaces 
empowered by Mie resonances 

Yuri Kivshar



“Meta” : Electric and magnetic resonances

“META”



Mie-resonant metaphotonics

See K. Koshelev and Y. Kivshar, Dielectric resonant metaphotonics
ACS Photonics 2020, https://doi.org/10.1021/acsphotonics.0c01315



1908:  Mie theory

Gustav Mie (1868-1957) 
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Electromagnetic response of a Mie sphere



Interferences and Kerker effects

• Multipolar interferences and control of emitted radiation

• Enhancement of many effects near MD resonances

• High-Q resonances:  bound states in the continuum  

Kerker effect Transverse Kerker effect

Phys. Rev. Lett. 122, 193905 (2019)
A recent review:  Opt. Exp. 26, 13085 (2018)

ED MD EQ MQ

M. Kerker 



Continuum

Discrete level

Discrete level

Bound state in the 
continuum

Bound state in the continuum (BIC)

J. von Neumann     E. Wigner



no true BIC was observed

1992

First experimental efforts 



Many mathematical papers …

2008: the idea came to optics ….



Bound states in the continuum in optics
Arrays of coupled waveguides Photonic crystal slabs

Hsu et al, Nature 2013

2011 2013



Complete destructive interference in far field

BIC in photonics: origin and physics
Planar waveguide



Different types of BICs

Symmetry-protected
(conventional)

in-plane inversion symmetry
time reversal symmetry

Accidental
(Friedrich-Wintgen)

in-plane inversion symmetry
time reversal symmetry

up-down symmetry
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BIC in a subwavelength resonator



Recent experimental demonstrations
RF experiment

Q=12500

Near-IR experiment

Q= 200



Fano vs. quasi-BIC resonances

Experiment
Theory

In preparation



Quality factor vs. mode volume 

[1] Optics Lett. 38, 2810 (2013)
[2] Nat. Comm. 5, 3109 (2014).
[3] Optics Lett. 39, 3062 (2014).
[4] Nano Lett. 17, 3914 (2017).
[5] Nano Lett. 17, 1219 (2017).

Quasi-BIC = high Q factor and small sample footprint & mode volume

High-Q resonators in 
near-IR and visible



Nonlinear response of quasi-BIC states 

Mode Polarizatio
n

ρSH × 104 

(W-1) η λFF
(μm) Q

BIC Azimuthal 210 0.77 1.55 114
BIC Linear 270 0.06 1.55 114
MD Linear 1.8 0.84 2.98 10



SHG from quasi-BIC states:  Recent experiment 

Science 367, 288 (2020)



Examples of nonlinear “Mie-tronics” effects 

Nano Letters (2020)ACS Nano (2020) 

Nano Letters (2014) Science (2020) 

K. Koshelev and Y. Kivshar, Dielectric resonant metaphotonics,
ACS Photonics, https://dx.doi.org/10.1021/acsphotonics.0c01315



All-dielectric metasurfaces 



Two strategies for optical metasurface engineering

Multipoles for highly efficient transmission 

Milton Kerker 

Resonances with bound states in the continuum

J. von Neumann     E. Wigner



Tailoring magnetic response 

I. Staude et al, ACS Nano 7, 7824 (2013)

diameter diameter, height



Silicon nanodisks embedded in n = 1.66 medium

Huygens‘ metasurfaces

• Complete 2π phase coverage
•  Near-unity transmittance:  

T > 91% for embedded disks
• No reflection losses
• No absorption losses (NIR)
• No polarization conversion lossesBut how to make 

metasurfaces 
broadband ?



Mie + Fabry-Perot resonances

Y. Yang et al, Phys Rev B 95,165426 (2017) 



How to make a metasurface broadband ?

Broadband operation via multipolar response

Log scale



Broadband highly-efficient dielectric metasurfaces

S. Kruk et al, APL Photonics 1, 030801 (2016)



Metasurfaces for optical communications
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Multimode fiber transmission

S. Kruk et al, Laser & Photonics Reviews (2018)



Metasurfaces go to quantum photonics

A. Solntsev, G. Agarwal, and Y. Kivshar, Metasurfaces for Quantum Photonics 
under review in Nature Photonics, preprint arXiv:2007.14722 (2020)



Nonlinear metasurfaces

March 2020

Examples of nonlinear metadevices



Nonlinear dielectric metasurfaces
1650 nm pump 550 nm TH

1.4×10-4 W-2 Conversion Efficiency

92% Difraction Efficiency



Multipoles for highly efficient transmission 

Milton Kerker 

J. von Neumann     E. Wigner

Resonances with bound states in the continuum

Two strategies for optical metasurface engineering



Metasurfaces with broken symmetry

All can be explained 

with the BIC concept! 



High-Q quasi-BIC metasurfaces



Metasurfaces and BIC resonances

Z. Liu et al, Phys. Rev. Lett.123, 253901 (2019)



Pixelated metasurfaces for biosensing

A. Tittle et al, Science 360, 1105 (2018)



BIC-resonant metasurfaces and 2D materials 

X 105 enhancement of SHG

Collaboration with Alex Solntsev, UTS 

N. Bernhardt et al, Nano Lett.  20, 5309−5314 (2020)



BIC-enhanced nonlinear effects

Breaking symmetry



High-harmonic generation with BIC

CLEO May 2020, FTh1C.5
arXiv preprint: 2008.11481



What else you can do with BICs 



Vortices and ultrafast switching with BIC 
lasers Perovskite-based BIC microlasers

Science 367, 1018 (2020)



Virus manipulation with BIC cavities

Collaboration with Din Ping Tsai (Hong Kong) and Ai Qun Liu Singapore) 



BIC generalizations 
Collaboration with Ranjan Singh

Measured Q factor = 5 x 105



Chiral BIC metasurfaces

Being uncoupled from one circular polarization and resonantly
coupled to its counterpart, a metasurface hosting the chiral BIC
resonance exhibits a narrow peak in the circular dichroism
spectrum with the Q factor limited by weak dissipation losses



BICs in hybrid and plasmonic metasurfaces



Conclusion: a new life of optical metamaterials 
 Metamaterials is still an active research field (but now often appears 

under a new brand name of meta-optics or metaphotonics), that promises 
many applications in photonics and subwavelength optics;

 Dielectric nanoparticles with high refractive index can be implemented for 
many metaphotonics phenomena governed by Mie resonances; 

 Many novel effects originate from multipolar interferences and the 
magnetic field enhancement, and they drive novel functionalities of        
all-dielectric resonant metasurfaces and metadevices

 Recent many advances in meta-optics and nanophotonics are associated 
with the physics of bound states in the continuum which appear due to 
strong coupling of guided leaky modes combined with Mie resonances

Questions, comments, and collaboration proposals:   
Yuri Kivshar <yuri.kivshar@anu.edu.au>
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