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The use of field emitters is promising for the creation
of systems for formation of electron flows in many electronic devices, since they do not require heating and are
inertialess. Until recently, the field emitters were used
mainly in ultra-high vacuum, low current and low voltage
devices. Meanwhile, miniature, but high voltage electronic devices, which it is difficult to use with thermionic
cathodes, are attracting more and more interest. Such are,
for example, electron-beam microwave devices of short
millimeter and sub-millimeter wavelengths, as well as
miniature X-ray sources, operating at accelerating voltages of units - tens kV. Emission currents of several tens
milliamps at current densities of the order of or more than
100–150 mA/cm2, are required, as a rule in these applications. Not only the difficulty of sufficiently high currents
producing by field emitters, but also their low durability
impedes their use in high voltage devices. Basic mechanisms of cathodes destruction are associated with an intense bombardment of their surface by residual gas ions
typical for such devices, with the impact of ponderomotive forces, large in strong electric fields, and/or by the
thermal effects at the selection of the large emission currents. Using distributed systems as field emitters allows
to facilitate the current load on the single emission center,
minimize the effect of ponderomotive forces and thermal
effects. However usually, ion bombardment restricts the
use of field emitters in high-voltage electronic devices.
Multi-tip silicon field emitters (MSE) with new type
double-layer metal - fullerene coating were developed
and investigated in the laboratory of “High current and
microwave electronics” of SPbPU [1, 2]. The main investigations were performed for structures of silicon tips with a
height h = 30 μm and tip top radius R = 5–10 nm. The distance L between the tips was set equal to their height.
With this relation L and h, there was a partial mutual
shielding of the tips [3, 4], which reduced the magnitude
of the electric field at their top. However, in the investigated sufficiently high-voltage modes in a diode system
with the cathode-anode distance of 1.5 mm at voltages of
5–15 kV, it was possible to create electric fields at the
surface of the tips of the order of (4–6)·107 V/cm, which
were necessary for intense field emission.
The layer of molybdenum with thickness from 5 to
20 nm deposited on the surface of a multi-tip silicon
structure increased its conductivity and strength. A thin
(from 2 to 10 monolayers) film of fullerene C60 molecules
was deposited on the molybdenum layer to protect cathode against the destructive effect of ion bombardment.
Calculations performed using SRIM program [5] showed
that such a thin fullerene film is transparent enough for
ions of sufficiently high energy (over 1000 eV). Such fast
bombarding cathode ions lose less than 1% of their ener-

gy in the film and dissipate the most part of their energy
in the molybdenum substrate. On the other hand, for slow
molybdenum atoms "knocked out" of the substrate, the
thin fullerene coating is practically not transparent. As a
result, the created thin fullerene coating minimize ion
sputtering of multi-tip cathodes.
The fullerene coating increases the work function of
the surface of the tips to approximately 5.3 eV. However,
treating a multi-tip cathode with a slow (40 eV) flow of
potassium ions makes it possible to reduce the work function of the tip structure surface by 15–20% due to the
formation of stable metallo-fullerenes such as endo(C60@K) and / or exohedrals (K@C60) in a coating.
The operation of cathodes with activated and nonactivated coatings was investigated. It was showed, that
used activated and non-activated coatings protect emitters
from the destructive action of the ion bombardment at
energies of bombarding cathode ions up to 15 keV. MSE
with area of 0.2–0.3 cm2 with not activated coating provides the field emission currents of up to about 100 mA
at emission current densities up to approximately 0.4–1.0
A/cm2. The maximal currents of activated cathodes of the
approximately same area were smaller and did not exceed
40–50 mA. In our opinion, this is due to the fact that
when the coating is activated, some of the potassium
atoms that is not captured by the fullerene molecules,
intercallate under the fullerene coating and reduce its
bond with the substrate.
The created multi-tip emitters are able to provide stable field emission necessary for the functioning of diagnostic gyrotrons of short-wave millimeter and submillimeter wavelengths. At present, the concept of creating diagnostic gyrotrons with an operating frequency
about 260 GHz with cold multi-tip cathodes has been
developed [6] in cooperation with the Institute of Applied
Physics RAS. The use of created multi-tip cathodes in
portable X-ray sources is also promising [7], as we think.
Along with the investigation of mentioned multi-tip
emitters, the possibility of using developed by the authors
original multi-layer cathodes in the high-voltage electronic devices is studied in SPbPU [1, 8]. For obtainment of
field emission, the fields near the contacts of nano-layers
of materials with different work function are used. Performed calculations and experiments have shown that the
field emission of the layered cathodes depends on the
thickness ' of the contacted layers, on the difference in
the work functions 'eM of these layers, and on the number N of pairs of layers. The obtained data indicate that
the thickness of the layers with a larger work function
should be approximately equal to 2 nm. The optimum
thickness of the layers with smaller work function should
be approximately 10–15 nm. The cathodes including 10–
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20 pairs of ytterbium-carbon layers ('eM a 1.6 eV) and
cathodes from the same number of pairs of hafniumplatinum layers ('eM a 1.8 eV) were studied in the most
detail. The largest field emission currents and current
densities were obtained for Hf-Pt cathodes including 20
pairs of layers. Currently, a stable field emission of 2–3
milliamps at average current densities along the surface
up to about 200 A/cm2 was obtained with the cathodes of
this type. We hope that there is the fundamental possibility to obtain higher emission currents from the layered
cathodes with larger emitting area.
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