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Carbon materials have recently gained a leading position among the ever increasing family of
novel cold cathode materials [1]. After the first experimental works of the early 90s [2-4]
demonstrating low threshold field emission, different forms of diamond have been shown to
have excellent qualities as field emission sources. As a consequence, much effort has been
focussed on both the synthesis of diamond nanostructures to increase the field enhancement
factor [5-7] and on understanding the emission mechanism in these nominally insulating
materials. Different hypotheses have been proposed to explain the controversial experimental
data, which varies widely between different sample types [8-14], but so far very few reports
of field emission energy distribution supporting or discarding them have appeared [4, 12-14].
Carbon nanotubes, on the other side, exhibit an unrivalled advantage in field enhancing due to
their high aspect ratio and have shown very high field emission metallic performances [1].
Covering nanotubes with nanodiamond would represent a way of getting nanometer-sized
diamond grains on nanoscale protrusions in order to benefit from the field enhancement in a
reproducible way.

By means of a modified Hot Filament Chemical Vapor Deposition apparatus, we recently set-
up a method for growing, in one synthesis step, nanodiamond-covered Single Wall Carbon
Nanotube (SWNT) bundles [15]. Careful morphological and structural characterization of
both phases has been carried out by means of Scanning Electron Microscopy (SEM), Raman
spectroscopy and Reflection High Energy Electron Diffraction (RHEED) [15]. In short these
studies showed that the nanograins are high quality crystalline diamond.

The field emission investigation involved the recording of the emission patterns, current
stability and the total energy distributions (TED) at different applied voltages.

Due to the field enhancing effect of the SWNT bundles, the emission came from numerous
localised sites spread over the 2 mm” emission zone. The emission was very stable over the
meaurement cycles of several of hours.

The Fowler-Nordheim plot of the total current was shown to be rather straight leading one to
assume semimetallic behaviour. However, an extremely original and remarkable feature of the
emission was the displacement of the energy spectra of emitted electrons from the Fermi level
which measures the voltage drops created by the passing emission currents. The spectra
consisted of many separate peaks from the different emitters spread over 20 to 500 Volts
below the Fermi level. The higher value is more than two orders of magnitude larger than
previously reported for other diamond emitters. This remarkably large shifting is a clear sign
of the highly insulating nature of our nanodiamond.

Successive spectra taken as a function of applied voltages shift from the Fermi level with a
nonlinear behaviour. We propose that this is due to both a resistive drop and field penetration.
Moreover, an x-y map of the TEDs of the sample demonstrated that the peaks are related to
precise zones of the sample and so to different emitters or groups of emitters.

Further work including a measure of the current coming from an individual emitter,
temperature dependent measurements, laser illumination and simulations are needed to clarify
the details of the electronic transport leading to such spectacular TEDs.
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Fig. 1 A SEM image of two SWNT Fig. 2 A typical TED obtained by the
bundles covered by nanocrystalline investigated sample

diamonds

TNT2006 04-08 September, 2006 Grenoble-France



