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“Extreme Parameters” and 

“Extreme Structures”  
 ● Time-Harmonic Macroscopic Equations  
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Spatial Distribution: “Static-like” 

Temporal Variation: “Dynamic”  
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Light-Matter Interaction  
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“Near-Zero” Optics  
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Epsilon-and-Mu-Near-Zero (EMNZ)  
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EMNZ Junctions  
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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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Simulation Results: 2D scenario  
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ENZ Structures  

  F r om : A . B ol t as s e v a ( P ur due ) 

Bi 1.5 Sb 0.5 Te 1.8 Se   1.2 

  F r om : J . C al dw e l l ( N R L ) 
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  F r om : N . Z he l ude v ( Sout hm apt on ) 
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Experimental Verification  
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Waveguide Bends with Narrow  
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ENZ and Emission Rate of Optical Dipoles  
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Field Enhancement Using ENZ 

  



 

 

 



 

 

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  



 

 

 

 Waveguide Width = 240 nm  Waveguide Width = 180 nm  
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Experimental Verification ENZ Stack  



 

 

Collaboration with Albert Polman’s Group in AMOLF  

 Re(ε )≅0
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E-Field Levitation with ENZ Substrate:  

Analogous to Meissner Effect in SC  
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Sensing and ENZ “Transistor”  



 

 

    



 

 
Nonlinearity in ENZ Channels  
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ENZ and Nonlinearity  



 

 

“Photonic Doping” in ENZ Materials  

I. Liberal, Y. Li, A. Mahmoud, B. Edwards and N. Engheta, Science, March 10, 
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Background: Electronic Doping  
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Photonic Material  

  ENZ?  

Dielectric Particle  

“Pure” Photonic Material  

 Background:  One of ENZ Properties   

● 
Maxwell Equations 

∇×H=−iωεE  ∇×H=0 

How about “photonic doping”?  



 

 

∇×E= iωµH 

● 2-D Scenario with TM polarization  
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Example 1:  EMNZ     µ e f f 
= 0 

EMNZ  
  µ e f f = 0   ε  e f f = 0 

Rod in ENZ  
EMNZ Body  

Mahmoud, Liberal & Engheta  

Optical Materials Express ,  Feb 2017  
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Rod Position Independence  
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Example 2:  PMC   µeff =∞ 
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ENZ-based Metasurfaces  
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0.0001
  

98.49  1.09  

0.001  88.96  1.09  

0.01  44.61  1.49  

0.03  21.18  2.77  



 

 

Lx = 1 λ0  

Ly = 3 λ0 rp = 

0.121 λ0  



Multi-Rod ENZ-based Metasurface  

 

 



Multi-Rod ENZ-based Metasurface  

  



Multi-Rod ENZ-based Metasurface  

 

 



Multi-Rod ENZ-based Metasurface  
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Multi-Rod ENZ-based Metasurface  

 
 



 

 

  

 



 

 

“Extreme” Cavity Resonators  



 

 

 

Conventional Cavity  
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“Ph-Doped” ENZ and “Open Cavity”  
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Flexible “Open” Cavity  
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•   
  
Three degenerate  eigenmodes 

     

  ( spherical defect)  

•   
  
Eigenfrequency  variation < 0.05%  

  ( induced by losses)  

  ɛ ’’( ω p ) 
  ≈  0.03  



Experimental Verification of  
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“geometry-invariant” cavities”  



Experimental Verification of  
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“geometry-invariant cavities”  
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“geometry-invariant cavities”  



 

 

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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Summary  


