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Tuning the complex dielectric function of low-dimensional materials and nanophotonic antenna arrays 
enables scientific exploration of quantum materials such graphene, phosphorene and topological insulators and, 
as well nanophotonic device applications including electronic phase and amplitude modulators for the near 
infrared (conducting oxides) and mid infrared (graphene). We discuss light-matter interactions in these quantum 
materials and report dynamically tunable metasurfaces in monolayer graphene with >π phase modulation and 
‘perfect’ absorption approaching 100%. 
  We have explored the photonic properties of thin electrostatically gated phosphorene and (Bi1-xSbx)2Te3 

topological insulators using mid-infrared spectroscopy measurements.  We combine these optical experiments 
with transport measurements and ARPES to identify the observed spectral modulation as a combination of 
gate-variable Pauli-blocking of bulk interband optical transitions at higher energies and modulation of intraband 
transitions associated with both topological surface stated (TSS) and the bulk free carrier density.   

In the domain of device applications, we experimentally demonstrate a gate-tunable metasurface that enables 
dynamic electrical control of the phase and amplitude of plane wave reflection. Tunability arises from 
field-effect modulation of the complex refractive 
index of conducting oxide layers incorporated into 
metasurface antenna elements which are configured 
in a reflectarray geometry. We measure a phase shift 
of >π and ~ 30% change in the reflectance by 
applying 2.5 V gate bias. Additionally, we 
demonstrate modulation at frequencies exceeding 10 
MHz, and electrical switching of +/-1 order 
diffracted beams, a basic requirement for electrically 
tunable beam-steering phased array metasurfaces.   

 We further demonstrate electronically 
tunable mid-infrared transmission that utilizes 
resonant absorption in graphene plasmonic ribbons 
to modulate the extraordinary optical transmission 
effect in subwavelength metallic slit arrays. 
Resonant absorption in plasmonic modes of 
nanoscale monolayer graphene ribbons situated 
inside subwavelength metallic slits can efficiently block the coupling channel for extraordinary optical 
transmission, leading to a strong suppression of transmission. Full wave simulations predict a transmission 
modulation of 95.7% via this mechanism. Measurements reveal a transmission modulation of 96%, yielding an 
experimental realization of ‘perfect’ absorption in monolayer graphene.   

 
Schematic of graphene plasmonic ribbons coupled to subwavelength 
metallic slit array. Transverse magnetic (TM) polarized incoming light 
induces surface plasmons on the top metal surface (1) that tunnelthrough 
the subwavelength metallic slits (2), exciting surface plasmons (3) in 
graphene plasmonic ribbons inside the subwavelength metal slits, blocking 
light transmission. 


