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Motivation: heat losses (energy crisis) 

Radiative heat transfer 

 Plasmon in graphene  

 Large heat transfer in the near-field 

 Large plasmon DOS → high power densities 

 Thermophotovoltaics (heat to electricity)  

 Far field TPV 

IR photons 

 Near field TPV 

 Far field heat transfer: Stefan-Boltzman law 4
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 Near field heat transfer (larger DOS → larger power density)  



q

 Evanescent (surface waves) 

  

 Large DOS 

 Small (subwavelength) separation 

 Propagating waves 

 Limited by the light line 

 Small DOS 

 Far field 

cq /

 Plasmon in graphene: 

cq /100 

Thermophotovoltaics (TPV): heat to electricity 

Near field TPV using graphene as a thermal emitter [1] 
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• PV cell (InSb): eV 17.0g

nm 10D

• Graphene: eV 25.0FE

K 3002 T  Thermalization losses 

E

g

K 6001 T

 Fluctuation-dissipation theorem 
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 Fields above 2/Dz 

 Heat transfer = Ohmic losses 
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 Total heat transfer: nfff HHH 
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 Boltzman factor: 
1
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 Far field spectral function: 2
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 Near field spectral function: 

 Graphene absorption 
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Near field heat transfer between two graphene sheets [2] 

 Heat transfer dominated by TM modes (large DOS) 

 Neglect TE modes (small DOS) 

 Near field spectral function (identical sheets): 
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 Small separation: qDp

nf eqh 2),( 

 Coupled mode dispersion:   01 22
  qDp er

• Even • Odd 

 Total heat transfer: 

T1 

T2=300 K 

D 

 Fermi level: 

 Relaxation time: 

eV1.02,1 FE

s10 13

2,1



 
BBgg HH 


