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Two-dimensional materials, graphene, 
monolayer and multilayer transition metal 
dichalcogenides and black phosphorus, 
provide a platform for strong light-matter 
interactions, and new design opportunities.  

New theoretical work has defined 
upper bounds for the strength of light-matter 
interactions in these materials in terms of the 
optical conductivity, and allows for inter-
comparison among graphene, TMDCs and 
conventional plasmonic materials.  This 
optical conductivity approach indicates that 
at wavelengths longer than 1500 nm, doped 
graphene exhibits an unparalleled strength 
of light-matter interaction.   

Graphene nanostructures have also 
been extensively studied because of the 
ability to tune the complex refractive index 
by doping or electrostatic carrier density 
modulation. Despite theoretical predictions 
of the potential for unity absorption, 
experimental work has fallen short of this 
goal due to the poor radiative coupling to 
graphene and low graphene carrier 
mobilities in processed graphene samples. 
Here we report electronically tunable perfect absorption in graphene, covering less than 10% of the surface 
area, by incorporating multi-scale nanophotonic structures composed of a low permittivity substrate and 
subwavelength noble metal plasmonic antennas to enhance the radiative coupling to deep subwavelength 
graphene nanoresonators. Experimental measurements reveal 96.9% absorption in the graphene plasmonic 
nanostructure at 1,389 cm-1, with an on/off modulation efficiency of 95.9% in reflection. 

We also demonstrate a near-field radiative thermal switch based on thermally excitable surface 
plasmons in graphene resonators. The high tunability of graphene enables dramatic modulation of near-
field radiative heat transfer, which when combined with use of resonant structures, overcomes the 
intrinsically broadband nature of thermal radiation. In canonical geometries, we use nonlinear optimization 
to show that stacked graphene sheets offer improved heat conductance contrast between “ON” and “OFF” 
switching states, but that a >10x higher modulation is achieved between isolated graphene resonators than 
for parallel graphene sheets. In all cases, we find that carrier mobility is a crucial parameter for the 
performance of radiative thermal switching. 

 
Figure 1. Schematic (a-c) of tunable perfect absorber 
structures, respectively, and (d-f) corresponding scanning 
electron microscope (SEM) images (false color).  (g-i) 
Electric field distributions and (j-l) Ex distributions 
corresponding to (a-c). In (a)-(c), panels at the back side give 
the out-of-plane electric field distributions, and Ez 
distributions in graphene are overlapped on graphene 
plasmonic ribbons (GPRs). The image GPRs in (b) and (c) are 
created by metallic stripes which operate as mirrors. In the 
SEM images, the dark and bright regions correspond to GPRs 
and exposed SiO2 areas, respectively. 


