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Graphene is emerging as an optical material which can be dynamically tuned by electrostatic doping. 

However, integration of graphene into optical and optoelectronic devices is limited due to its small 

thickness and the resultant weak interaction with light. By combining metal and graphene in a hybrid 

plasmonic structure, it is possible to greatly enhance graphene-light interaction.   

In this work we first demonstrate that graphene can be integrated into the nano-gaps of coupled 

plasmonic antennas to achieve broad tuning of plasmonic antennas. We show that the effective mode index 

of the bonding plasmonic mode in metal-insulator-metal (MIM) waveguides is particularly sensitive to the 

change in the optical conductivity of a graphene layer in the gap. MIM Au plasmonic structures were 

patterned onto a CVD-grown graphene sheet, followed by the fabrication of metal contact on graphene and 

a back gate. By incorporating suitable MIM structures in optical antenna designs, we demonstrate an 

electrically tunable coupled antenna array on graphene with a large tuning range (1100 nm, i.e. 250 cm-1, 

nearly 20% of the resonance frequency) of the antenna resonance at mid-infrared (MIR) wavelengths (6-7 

µm), almost twice the bandwidth than previously reported using gratings of linear coupled Au optcal 

antennas on graphene.1 Our device exhibits a 3dB cut-off frequency of 30 MHz, which can be further 

increased into the GHz range.  

 
Applications to graphene detectors so far are still limited by low responsivity due to the weak 

optical absorption (only 2.3% in the monolayer graphene sheet) and short photo-carrier lifetime (< 1 ps).  In 

the second part of this work we will report on an investigation of closely-coupled metallic antenna 

structures on graphene and show that they can be utilized to simultaneously improve both the light 

absorption and photo-carrier collection. The coupled antennas concentrate free space light into the nano-

scale antenna gaps (~λ0/100), where the graphene light interaction is greatly enhanced as a result of the 

ultra-high electric field intensity inside the gap. In addition, the metallic antennas can be designed as 

electrodes to collect the generated photo-carriers very efficiently due to the short carrier transit time (sub-

picosecond). We have demonstrated room temperature mid-infrared (mid-IR) antenna-assisted graphene 

detectors with more than 200 times enhancement of responsivity (~0.4 V/W) compared to devices without 

antennas (<2 mV/W).  
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