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Field emission measurements of new cathode material S
at URLS

In order to improve the electron emission, usud#lilg conventional cathodes surface is
coated by low work function (or electron affinitgjaterials, like alkaline metals (barium) or their
composites (cesiates). Because of their low worlction, these materials are very reactive and
sensitive to the “poisoning” phenomenon, and redidases (especially oxygen and water) reduce
the lifetime of these cathodes. Therefore theskockts need a very low working pressure (2 10
mbar) and many cares in managing them, thus inagp#se operative costs.

The material-vacuum potential barrier can be lowexso by applying a strong electric field on the
cathode surface. These strong fields can be adhisite particular geometries amplifying the local
electric field by an enhancement factar They distort the potential barrier also, allowitige
electron to be emitted by tunnel effect (field estos).

Field emission measurements[1, 2] have been peelran different kinds of nanostructured C-
based materials[3, 4] in order to investigate tleanission properties (see e.g. Fig. 1). The materia
emission properties have been investigated witbhrpgse-made apparatus. The emission cutrent
has been measured applying, in high-medium vaculi@f-10" mbar), different voltagey/
between the material (the cathode) and a spheiolle (the anode), placed over the cathode, at a
controlled distance (Fig. 2).

Applying a constant voltage, the emission currezrsus timel(t) has been measured in order to
measure its stability and the aging of the cath@ddepherical probe has no misalignment[5, 6]
problems and, by a proper elaboration of (v experimental curves, it is possible to extract the
emission current density on microscopic areas artdate a map of the cathode surface emission
properties.
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Figure 1 Slngle WaII CNT (SWCNT) allgned bundles grown osedaected area of a Si wafer.
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Figure 2: total emitted curreri{E) and current density,(E) vs. applied electric fiel& and correspondent Fowler-
Nordheim (FN) plots.

Although they present a medium-high work functidn €V), thanks to their high aspect ratio,
carbon nanotubes (CNT) have enhancement factanp to some thousands, allowing electron

emission at room temperature.

b)

a)
Figure 3: a) dense, aligned SWCNT bundles and b) disordematse SWCNT bundles.
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Figure 4: Total current I(E) emitted by the two samplesraj ). The emission from the sparse, although desed,
deposit is better because of the shielding effethé aligned and dense deposit.

The enhancement factor depends on the morpholatygemsity of the CNT deposit. Thinner CNTs
yield higher than those with larger diameters. Alignment igdyethan disorder. But the density is
fundamental: when the nanotubes start to be todrolase each other, their interaction decreases



by a shielding effect, as shown in Figs. 3 and #ak been found that the optimal interdistana® is
= 2h, with h the height of nanotubes.

The factor depends also on the substrate shape thabocdribute to enhance the electric field, as
the measurements of Figs. 5 and 6 illustrate.

16:18 16-SEFP-84

5-4880 20.0kV %X35.6K  857nm

4
RBkY K200 i5eum

Figure 5: a tip substrate and a particular of its CNT coating
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Figure 6: total current I(E) emitted by tHeigure 5 deposit grown on a tip and by tRegure 3b deposit grown on a
planar substrate. The threshold electric fieldif&g,) = 1nA is decreased of more than one order of ihadgm The is
much higher (about 2 order of magnitude).

Hydrogenated diamond can yield a negative eleafbnity. In this case for the electrons there is
no potential barrier at the vacuum-materials imtegf Diamond n-doped with,Ns used for having
an electron reservoir (Fig. 7).
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Figure 7: layer of N, doped diamond. The total emitted current | vs.eleetric field E from different zones of the
surface and | vs. time for current stability measogents are shown.
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Figure 8: diamond nanocones and emission measurements.



In Fig. 8 we show the measurement results whenrwétcombine the advantages of the NEA
(Negative Electron Affinity) of the diamond and thiggh enhancement factorof sharp shapes as
in some diamond nanostructures (nanocones) antllindiamond hybrid nanostructures (Fig. 9).

Figure 9: CNT-diamond hybrid nanostructures and some enmssieasurements &= 9-13 V/um.

Due to their properties, diamond nanostructuresx@oanes), CNT and CNT-diamond hybrid
nanostructures could have very interesting appiinatas photocathodes materials. Furthermore,
the chemical inertness of the diamond and CNT eaa &olution for the poisoning phenomenon.

As last result, TiQ photochemical properties, shown in Fig. 10, ardusa interest on the possible

applications of CNT - Ti@hybrid nanostructures as photocathodes materian Efyuneasurements
yield good emission currents, many discharge phemanmave been registered.
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Figure 10: CNT-TiO, hybrid nanostructures and some emission measutsntgr= 11-12 V/pm.



