Guiding of low-energy electrons by Al,O3; nanocapillaries
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Synopsis We have investigated guiding of low-energy electrons (2-350 eV) through high aspect ratio Al,O; na-
nocapillaries of different diameters (40, 140 and 250 nm). Various measurements of angular, energy, time and
current dependence of either total or only elastically transmitted electron intensity have been performed. In addi-
tion, we have measured kinetic energy distributions of electrons transmitted through the nanocapillaries both in
the straightforward direction and at large tilt angle. The present results show a more complex nature of low-
energy transmission through insulating nanocapillaries in comparison with highly charged positive ions.

A great interest is devoted in recent years to
the controlled transport of charged particles on
a nanoscale. Particularly, the guiding of positive
ions by insulating polyethylene teraphthalate
(PET) nanocapillaries was first demonstrated in
2002 [1] and have been attracting a considera-
ble attention since then. Experimental studies
were performed for capillaries made in PET,
PC, SiO, and Al,Os, as well as single-glass ca-
pillaries (see e.g. [2] for references). In addi-
tion, theoretical studies gave detailed informa-
tion about the guiding mechanism [3].

Experimental investigation of electron guid-
ing by insulating nanocapillaries, however, has
been reported more recently [4-6]. The results
on elastically transmitted electrons showed si-
milarities with ion guiding [4,5]. Nevertheless,
the experiments also suggested a more complex
nature of low-energy electron transport through
insulating nanocapillaries than proposed for
positive ions [5,6]. This has been also con-
firmed in the recent theoretical study [7].

Our work on guiding of low energy electrons
includes measurements of angular distributions
of elastically transmitted electrons in the energy
range from 100-350 eV, as well as dependence
of transmission intensity on the incident elec-
tron energy [4,6]. We have also measured ener-
gy spectra of electrons transmitted through
Al,O; capillaries for the incident energy of 100
eV [6].

In the present contribution we also report pre-
liminary results on energy distribution of elec-
trons of higher incident energies, transmitted
through Al,O; capillaries of 270 nm diameter
and 15 pm length. Figure 1 shows a spectrum
taken for the incident electron energy of 250 eV
and at about 0° tilt angle defined with respect to

LE-mail: vraz@ipb.ac.rs
2 Present address: Diamond Light Source Ltd, UK

the capillary axis.

The energy

resolution

(FWHM) was about 1 eV. Except the elastically
transmitted electrons (peaking at 250 eV), in-
tensive inelastic process are clearly present.
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Figure 1. Energy spectrum of electrons transmitted
through Al,O3 nanocapillaries.
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