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Heat management is critical for the 

performance of most modern electronic 

devices. It was recently proposed that 

radiative heat transfer - which is usually 

negligible in the solid state - could be 

increased in hyperbolic metamaterials, i.e., 

materials having a hyperbolic 

electromagnetic dispersion relation. [1] 

However, artificial metamaterials can be 

difficult to fabricate and integrate.  

 

Fortunately, most of Van der Waals materials 

are natural hyperbolic metamaterials. 

Indeed, due to their anisotropic layered 

structure, the in-plane and out-of-plane 

optical phonon energy splitting results in a 

hyperbolic dispersion of light in the 

Resstrahlen bands. As a consequence, in 

these materials, the strong light-matter 

coupling can give rise to a 102-105 increase 

in the e.m. local density of states, resulting in 

a dramatic enhancement of the radiative 

heat transfer. Moreover, the radiative 

character of heat exchange results in a 

propagative heat transport via hyperbolic 

phonon-polariton (HPhP) modes on 

micrometric scales.  

 

We have studied heat transfer in graphene 

on hexagonal boron nitride:  a natural 2D 

hyperbolic material. In our devices, 

graphene is used as a versatile heat source 

in the near field of a hyperbolic material, 

and as a sensitive noise thermometer. [2] 

Using mono-, bi- and trilayer graphene, we 

demonstrate a strong increase of the 

electron gas cooling resulting in a large 

temperature drop when the emission of 

HPhP sets in. This process shares many 

analogies with electroluminescence, except 

that it involves near-field modes. We 

experimentally evidence that the case of 

graphene is unique, with cooling powers 

reaching few milliwatts per micron square 

[3], i.e., nine orders of magnitude larger than 

previously reported in the literature. 
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Figure 1: Electron gas temperature function of 

dissipated Joule power for various dopings. A 

surprising temperature drop occurs when 

electron interband tunneling starts. 

 

 

 

 

 

 

 


