
Quantum Electronics with Nanocrystals 
 

Matthew Pelton 
University of Maryland, Baltimore County 

	
The ability to synthesize colloidal particles with controlled 
dimensions and shapes on the nanometer scale provides the 
opportunity to revisit experiments and applications in 
quantum electronics.  Semiconductor nanocrystals, or 
quantum dots (QDs), support optical transitions between 
discrete, size-dependent electronic states, enabling them to 
act as “artificial atoms” with large oscillator strengths.  
Noble-metal nanoparticles (MNPs) support plasmon 
resonances that confine optical fields to nanometer-scale 
dimensions, enabling them to act as sub-diffraction-limited 
optical cavities. 

QDs coupled to MNPs can thus be used to study cavity 
quantum electrodynamics (cavity QED) in a new parameter 
regime.  For weak QD-MNP coupling, the radiative emission 
rate of the QD can be strongly enhanced.  For stronger 
coupling, a single QD can open a transparency dip in the 
scattering and absorption from the MNP, due to a 
combination of Fano-like interference and Rabi splitting 
between the coupled dipole moments of the MNP and the 
QD.  Calculations predict that short laser pulses can remove 
or even reverse the induced-transparency dip, enabling the 
coupled-nanoparticle assembly to serve as a low-power, 
ultrafast, nanoscale optical modulator.  Calculations further 
predict that, if more than one QD is coupled to the same 
MNP, laser pulses can induce entanglement among the 
occupation states of the QDs. 

Like atom-cavity systems, coupled MNP-QD system can 
serve as lasers, but are likely to suffer from high threshold 
power densities, because of the strong dissipation that is 
inevitably experienced by the plasmons.  On the other hand, 
coupling colloidal QDs to diffraction-limited photonic-
crystal cavities offers the prospect of low-threshold lasing.  
Early attempts at achieving lasing using colloidal QDs 
resulted in high thresholds due to inhomogeneous broadening 
and rapid Auger recombination. Recent innovations in 
colloidal synthesis have led to thin, flat semiconductor 
nanoplatelets (NPLs), where carriers are quantum-
mechanically confined in only one dimension.  The quantum-
well electronic structure of the NPLs results in lower Auger 
recombination rates than in QDs at threshold exciton 
densities.  In addition, the NPLs are atomically monodisperse 
in thickness, virtually eliminating inhomogeneous 
broadening, and have large optical-absorption cross-sections.  
Together, these advantages result in thresholds for amplified 
spontaneous emission that are four times lower than 
previously reported record values for colloidal QDs. 
Integration of nanoplatelets with a photonic-crystal cavity 
leads to continuous-wave lasing with the lowest reported 
threshold for any room-temperature laser (see Figure 2).  

Figure 1. Calculated extinction 
spectrum for a single quantum dot 
between a pair of ellipsoidal silver 
nanoparticles. Green points are with the 
quantum dot absent, and black points 
are with the quantum dot present.   

Figure 2. Top: Output intensity vs. input 
continuous-wave optical pump power for a 
photonic-crystal microcavity laser using 
CdSe/CdSe core/shell nanoplatelets. Points: 
experimental data; solid line: rate-equation 
fit; dashed lines: fits for different 
spontaneous-emission coupling factors; 
dotted line: lasing threshold. Bottom: Output 
linewidth vs. pump power for the 
nanoplatelet-microcavity laser.  
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