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“Extreme Parameters” and

“Extreme Structures”
Time-Harmonic Macroscopic Equations
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Background: ENZ Materials
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Background: ENZ Materials
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Background: ENZ Materials
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Simulation Results: 2D scenario &
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ENZ Structures
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Experimental Verification
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Channels
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Experimental Verification Using CL Spectroscopy

Collaboration with Albert Polman’s Group in AMOLF
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Experimental Verification Using CL Spectroscopy

Collaboration with Albert Polman’ s Group in AMOLF
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Experimental Verification ENZ Stack




Collaboration with Albert Polman’ s Group in AMOLF
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E-Field Levitation with ENZ Substrate:
i Analogous to Meissner Effect in SC
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Sensing and ENZ “Transistor”
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Nonlinearity in ENZ Channels
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Background: Electronic Doping 7.
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“Photonic Doping” in ENZ Materials
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Background: Electronic Doping
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How about “photonic doping”?

Photonic Material

Q ENZ?

Dielectric Particle

“Pure” Photonic Material

Background: One of ENZ Properties
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Photonic “Doping”
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Rod Position Independence
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ENZ-based Metasurfaces
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i Multi-Rod ENZ-based Metasurface &
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“Extreme” Cavity Resonators o
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Flexible “Open” Cavity




I. Liberal and N. Engheta, Science Advances, 2016 LS
I. Liberal and N. Engheta, Optics and Photonics News (OPN), 2016

Cavity | Cavity 11 Cavity III Cavity IV
N o . . max
| : : ] : / @ =
: : O € PR
b D ' Lol )\
0
1.002 - - 850
Y o ,L:-’:.c
* Three degenerate eigenmodes 10011 @ L 200
(spherical defect) Wres . ————9 Q
- Eigenfrequency variation < 0.05% 7 ® Mode 1 \““* - 750
9 quency J970 0.999 { A Mode 2 §
(induced by losses) m Mode 3
0.998 . ; ; 700

£'(w,) % 0.03 1 [l 1 v



Experimental Verification of

“geometry-invariant” cavities”
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Experimental Verification of

“geometry-invariant cavities”

IS

Xll

Normalized Frequency

I. Liberal, Y. Li, A.

Mahmoud, B. Edwards and N. Engheta, Science, March 10, 2017




Summary s

Low-Index Photonics can play interesting roles in MTM
ENZ/MNZ/EMNZ can play important roles in classical and quantum
electrodynamics
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