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Significant progress has been made recently on carbon nanotube based field effect transistors
(CNTFET), in terms of understanding both their scaling and performance limits. In the first part
of the talk, | will focus on chemical doping schemes utilizing molecules and a charge transfer
mechanism to obtain self-aligned, unipolar CNTFETs to meet the performance challenges. We
demonstrate an ability to change carrier injection properties; and to improve device
performance in both ON- and OFF-states. In particular, oxidizing and redox-active molecules
are introduced to modify the workfunction of the source and drain electrodes of CNTFETs and,
correspondingly, of their Schottky barriers. We demonstrate successful ambipolar-to-unipolar
conversion and p-to-n polarity switching of CNTFETs. | will also discuss the challenges we are
faced with before a competitive CNT-based technology can be developed.

In the second part of the talk, | will focus on the opto-electronic properties of carbon
nanotubes. We demonstrate electroluminescence from CNTFETs operated under both
ambipolar and unipolar transport conditions. In ambipolar transport, with appropriate biasing
we can inject electrons and holes simultaneously from the source and drain of the nanotube,
and observe radiative e-h recombination from individual CNTs. CNTFETs provide a novel form
of molecular light source that requires neither external doping nor well defined space charge
region as in conventional LEDs. In addition, they also allow the tuning of the emission position
along the length of a CNT over tens of microns by varying the gate potential. In unipolar
transport, a single type of carrier is injected and accelerated under high local electric fields at
intra-molecular junctions to energies sufficient to create strongly correlated e-h pairs
(excitons). This excitation mechanism is ~1000 times more efficient than recombination of
independently injected electrons and holes, and it results from weak electron-phonon
scattering and strong electron-hole binding caused by one-dimensional confinement. Such
experiments provide new insights into the transport processes in carbon nanotubes. They
allow us to follow the fronts of the electron and hole currents under varying bias conditions,
determine the recombination lengths and recombination times, observe defects, etc.
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