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Single-walled carbon nanotubes have unique optical properties as a result of their one-

dimensional structure. Reduced screening leads to large exciton binding energies which allow 

for room-temperature excitonic luminescence, while enhanced interactions give rise to a variety 

of exciton processes that may be utilized for modulating the emission properties. Furthermore, 

their luminescence is in the telecom-wavelengths and they can be directly synthesized on silicon 

substrates, providing new opportunities for nanoscale quantum photonics and optoelectronics.  

 

Here we discuss the use of individual single-walled carbon nanotubes for generation, 

manipulation, and detection of photons on a chip. Strong exciton-exciton annihilation 

process [1] leads to antibunching at room temperature, opening up a pathway to single photon 

sources. Specially-designed air-mode photonic crystal cavities allow for efficient coupling to 

nanotube emission [2], while the coupling can be readily tuned by large spectral shifts induced 

by molecular desorption.  Such spectral changes due to the adsorbed molecules give rise to 

optical bistability, which can be utilized for all-optical memory operations. Gate control over 

carrier density can be used to generate trions that are also stable at room temperature [3], and 

efficient carrier-exciton interactions can be used to produce optical pulse trains [4]. By 

monitoring the photoconductivity in transistor devices, dissociation processes and fine 

structures of excitonic states can be investigated [5,6]. Narrow linewidth electroluminescence 

can be obtained in split-gate devices [7]. Ultimately, these results may be combined to achieve 

further control over photons at the nanoscale. 
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