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OBJECT SIZE/WAVELENGTH
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Scientists have gone from BIG LENSES and OPTICAL FIBERS (size  ), to diffraction gratings and 
photonic crystals (size ~ ), and to

ULTRA-SMALL/THIN DEVICES with unique functionalities using METAMATERIALS (size << ), 

ALL ABOUT (META)MATERIALS

~50nm
Wavelength

~0.5- 1 µm
WikipediaJenoptik



EXAMPLE: NEGATIVE REFRACTION

Negatively refracting “NIM-Water”

Groups of D. Smith, H. Giessen, X. Zhang, V. Shalaev

In normal materials, light cannot bend beyond the 
perpendicular to the interface but in MM it can!



EXAMPLE: NEGATIVE REFRACTION

“Nanorods that 
reverse refraction”: 
Won the 2006 Nano 
50 Award



METASURFACE: Monolayer METAMATERIAL!

5 um

600 nm

DIELECTRIC (MIE) METALLIC (PLASMONIC)

M. Khorasaninejad, et al., Jour. Quantum. Electron., 23, 4700216 (2016)  
X. Ni, et al., Nat. Comm., 4, 2807 (2013)

Seminal works on metasurfaces: Capasso, Hasman, Lalanne, Shalaev, Zheludev, Bozhevolnyi,  Levy, Tsai, 
Zhang, Smith,  Kivshar, Atwater, Brongersma, Luk’yanchuk, Kuznestov, Faraon, Neshev…

V. Shalaev, Purdue



Ultra Thin Planar METALENS



Real-life Application for National Security



Promise of Quantum Photonic Technologies

Quantum Communication

Madsen, L.S., Laudenbach, F., Askarani, M.F. et al. Nature 606, 75–81 (2022)

Quantum simulation and computation

Zhong, Han-Sen, Science 370.6523 (2020): 1460-1463 (Pan group)

Bosonic 
sampling

Photons are unparalleled units of information: SPEED + NO DECOHERENCE
Light wavelength vs qubit size mismatch -> Weak light-matter coupling -> FAST YET SLOW!
NEED: METAMATERIALS for strong light-matter coupling on demand

Li, Y., Cai, WQ., Ren, JG. et al. Microsatellite-based real-time quantum key distribution. 

Nature 640, 47–54 (2025)



Promise of SiN for Quantum Photonic Integrated Circuits

Waveguides and thermo-optic phase actuators

C. Taballione et al., ArXiv Prepr. 1 (2022) [QuiX Quantum]

Single-Photon Source (SPS)

Integrated Silicon Nitride photonic chip

SiN

A. Senichev et al., Sci. Adv. 7, 50 (2021)
A. Senichev et al., ACS Photonics 9, 3357 (2022)

see also J. M. Arrazola et al., Nature 591, 54 (2021) [Xanadu] Purdue-discovered single-photon sources in SiN



Light-Matter Coupling in Photonics & Plasmonics
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Low Q (FAST!)
small, nm-scale V

Bogdanov, et al Optica 7, 463 (2020)



Quantum Meta-Photonics High-Speed Platform: SiN + Plasmonics

Interaction between qubits strongly enhanced by plasmonics: high 
speed devices immune to loss and decoherence at RT



Bringing together Chip-Scale Semiconductors 
& Chip-Scale Quantum Photonics

(Purdue Computes Initiative) 

Silicon Quantum Photonics with Single-Photon Emitters
for Integrated Quantum Photonic Circuitry

Vladimir M. Shalaev

School of Electrical & Computer Engineering

Purdue Quantum Science & Engineering Institute

Birck Nanotechnology Center

(in collaboration with Sasha Boltasseva)


