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• Vacuum fluctuations 

• Thermal fluctuations 

Controlling Field Fluctuations with 

metamaterials 

 
 

Y. Guo et. al. Appl. Phys. Lett. 101, 131106 (2012)  
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Expelling vacuum fluctuations 
Birth of Photonic Crystals 

See also: S. John, same issue of PRL, “Strong Localization in Certain 

Disordered Dielectric Superlattices” 

Can metamaterials help us to do the exact opposite? 



Giant Zero Point and Thermal Energy 
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Spectrum of  

Field fluctuations 

Thermal  

distribution 

Zero point  

energy 

Related to  

Density of states 

Broadband enhancement in  Density of States ? 



Conventional Media 

Type I 

(single negative  

component in the 

dielectric tensor ) 

Type II 

(double negative) 



Hyperbolic Metamaterials 

Type II 

(double negative) 

                       Early Work 

Microwave : Keith Balmain, David Smith, Pavel Belov 

Optics: E. Narimanov, V. Podolskiy 

 

Experiment: Gmachl Group, Zhang  Group, Zayats Group, 

Noginov Group,  Shalaev Group, Boltasseva Group,  

Conventional media 

Reviews: 

1. C. Cortes et. al. J. Opt. 14, 

063001 (2012) 

2. Y. Guo et. al. , Advanced in  

      Optoelectronics (2012)  

0xx yy  

0zz 

Hyperbolic Isofrequency Curve 

(single negative  

component in the 

dielectric tensor ) 



Broadband Super-Planckian thermal 

emission  

Y. Guo et. al. Appl. 

Phys. Lett. 101, 

131106 (2012)  

See also: 1. E. Narimanov and I.I. Smolyaninov, arXiv:1109.5444 

 2. S. A. Biehs Phys. Rev. Lett. 109, 104301 (2012) 

                3. Nefodotov and Simovski, Phys. Rev. B 84, 195459 (2011) 

 

  

Multilayer structure 

SiC/SiO2 



HIGH TEMPERATURE PLASMONICS AND 
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High Temperature Plasmonics, Y. Guo 

et. al., arXiv:1304.6769, 2013 



Engineering the poles and zeros 
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Zeros 

Poles 

Control Systems, Stability, Designing filters …….. 

What about engineering the poles and zeros of the  

dielectric response function? 

Epsilon-Near-Zero : ENZ 

Epsilon-Near-Pole:  ENP 

ENZ: A. Alu and N. Engheta 



Natural ENZ and ENP 
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Naturally occuring ENZ: 

 

•  Bulk Plasma Frequency 

 

•   Longitudinal Optical Phonon     
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Naturally occuring ENP: 

 

• Transverse Optical Phonon     
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Natural ENZ and ENP 
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Low electron mass:  

Ultraviolet 

Frequencies 

(Ag,Au,Cu …. ) 

 

 

Large ion reduced-mass:  

Mid-IR wavelengths 

(SiC, SiO2,SrTiO2…) 

Optical and Near-IR ENZ and ENP:  

    Clear need for Metamaterials 

Isotropic ENZ and ENP is difficult! 



λ 

a << λ 
a << λ 

                  Control ENZ 

EMT: Effective Medium Theory (Homogenized medium/ Metamaterial) 

Dilute metal with a dielectric 
Dilute dielectric with a metal 

ENZ 

ENZ 

S. Molesky, C. Dewalt, Z. Jacob 

Opt. Exp., V.21, Issue S1 pp. A96-A110, 2013   



λ 

                   Control ENP 

Electron motion is confined to the films/wires (“bound electrons”) 

Dilute metal with a dielectric 

a << λ 
a << λ 

Dilute dielectric with a metal 

ENP 

ENP 

Recall: Drude dispersion has no pole => Free electrons 

            Lorentzian dispersion has a pole => Bound electrons 

 

Roadblock! 



High Temperature Metamaterials  

Recent work  :  G. V. Naik, T. Sands and A. Boltasseva 

                               Optics Materials Express (2010) 

Silver, Gold melting point ~ 1000 C,  Titanium Nitride ~ 3000 C 

S. Molesky, C. Dewalt, Z. Jacob  Opt. Exp., V.21, Issue S1 pp. A96-A110, 2013   



ENP Nanowire Narrowband Thermal Emitter 

Titanium Nitride 

Nanowires 

(high melting point) 

High Figure of Merit 

 

-Parallel component 

Interactions with both  

S and p polarized 

 

- Near Omnidirectional 



Thermophotovoltaics System 

Local heat generator 
emitter 

Energy from waste heat or local heat generator 

GaSb TPV 

cell 

Materials 

D. Norris Group (ETH Zurich) 

A. Boltasseva Group (Purdue) 

M. Noginov Group (NSU) 

Nanophotonic approaches 

Fan Group (Stanford) 

Solijacic Group (MIT) 

Shvets Group (U T Austin) 

Refractory metal: Tungsten  (too lossy) 

Possible alternatives: Nitrides and Oxides 

Major expected application: 

 

Cogeneration of  

Heat and electricity for remote locations 

High efficiency heat and electricity cogeneration for remote locations 



Prospects for thermophotovoltaics 

ENP 

metamaterial 

Emitter 

 

TiN nanowires 

S. Molesky, C. Dewalt, Z. Jacob 

Opt. Exp., V.21, Issue S1 pp. A96-A110, 2013  (Nature Photonics highlight, OSA Spotlight on 

optics, Laser Focus World spotlight) 



Summary 
High temperature Metamaterials : Far-field narrowband thermal sources 

                                                       1. Epsilon-near-pole metamaterials 

                                                       2. Epsilon-near-zero metamaterials 

Controlling broadband field fluctuations:   Hyperbolic Metamaterials 

                             

www.ece.ualberta.ca/~zjacob 
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