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Typical emitters such as molecules, quantum dots and semiconductor quantum wells have 

slow spontaneous emission with lifetimes of 1–10 ns, creating a mismatch with high-speed 

nanoscale optoelectronic devices such as light-emitting diodes, single-photon sources and lasers. 

Here we describe recent experiments that demonstrate an ultrafast (<11 ps) yet efficient source of 

spontaneous emission, corresponding to an emission rate exceeding 90 GHz, using a hybrid 

structure of single plasmonic nanopatch antennas coupled to colloidal quantum dots [1,2]. We 

show an increase in the spontaneous emission rate of a factor of 880 and simultaneously a 2,300-

fold enhancement in the total fluorescence intensity, which indicates a high radiative quantum 

efficiency of ∼50%. By reducing the density of quantum dots, we can reach the single emitter 

level and demonstrate ultrafast and efficient single photon sources [3]. Leveraging higher-order 

modes of the cavity allows optical processes at multiple energies to be optimized simultaneously. 

We demonstrate this by enhancing both the absorption and the quantum yield in monolayer 

MoS2 resulting in a 2,000-fold enhancement in the overall fluorescence [4]. Finally, tuning the 

plasmon resonance of the cavity allows for tailoring of the emission spectrum of monolayer 

MoS2 as seen in Figure 1 below [5]. 

 

Figure 1: Modification of 

monolayer MoS2 emission 

spectrum. Shifted PL emission 

peaks relative to the control 

sample when monolayer MoS2 is 

coupled to nanocavities with 

varying resonances. The top panel 

is a measured PL spectrum of a 

MoS2 monolayer on the SiO2/Si 

substrate as a reference. 
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