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Abstract:  We demonstrate strong coupling between a surface plasmon and intersublevel 

transitions in electrically injected self-assembled InAs quantum dots.  The surface plasmon mode 

exists at the interface between the semiconductor emitter structure and a periodic array of holes 

perforating a metallic film that also serves as the top electrical contact for the emitters.  The fact 

that this Rabi oscillation can be observed in an incoherently-excited, highly inhomogeneously-

broadened system demonstrates the utility of intersublevel transitions in quantum dots for 

investigations of coherent transient and quantum coherence phenomena.  

 

Rabi oscillations underlie all light-matter interactions involving coherent transient, quantum interference and (in the 

case of vacuum Rabi oscillations) cavity quantum electrodynamics.  Our experiments were performed on mid-

infrared emitters utilizing self-assembled InAs quantum dots (QDs), whose intersublevel transitions are coupled to a 

surface plasmon (SP) excitation.  The SP mode exists at the interface between the semiconductor emitter structure 

and a periodic array of holes perforating a metallic Pd/Ge/Au film that also serves as the top electrical contact for 

the emitters as shown in Fig. 1 (a).  The InAs QDs were embedded in GaAs/AlGaAs quantum-cascade-like 

heterostructures (see Fig. 1 (b)) which were grown on n+ GaAs substrates.  Optical transitions in these structures 

occur between discrete QD states. The heterostructures were designed to maximize electron injection into an upper 

QD state and removal from the QD ground state.  The electroluminescence spectra of a device designed for emission 

at 10 micron wavelength is shown in Fig. 1 (c).   

 
Fig. 1: Quantum dot device, material, and spectra.  (a) Top view of plasmonic mesh device designed for 

10 micron emission.  The conduction band profile of the electrically injected InAs quantum dot material 

is shown in (b).  The 10 micron device electroluminescence spectra and fit is shown in (c).   
 

To explain the spectral splitting, we considered a quantum mechanical approach that models an ensemble of QDs 

that emit radiation via spontaneous emission while strongly interacting with an electric field of a plasmon mode and 

predicts the entire emitted spectra including the observed Rabi splitting.  An example fit using parameters that place 

the system in the strong coupling regime is shown as the solid trace in Fig. 1(c).  Our demonstration of Rabi 

oscillation proves that inter-conduction-state transitions in self-assembled QD samples can serve as a platform for 

quantum-optics experiments and opens up the possibility of non-classical long-wavelength plasmonic optoelectronic 

devices.   
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