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Abstract

Highly charged ions (HCIs) are a promising tool for the production of structures at a nanometer length scale as well as for surface
analysis. We present a room-temperature EBIT (Electron Beam Ion Trap) that produces ions such as Ar18+, Xe44+ and Ir67+. In order to
study the physics of the interaction processes, a new ion beam facility has been designed. The HCIs can be separated according to their
mass to charge ratio with acceleration, but also with deceleration providing projectiles with kinetic energies ranging from 10 eV times q to
40 keV times q. A beam spot size of some micrometers can be achieved using suitable apertures. The beam can also be swept over an area
of about 1 cm2.
� 2006 Elsevier B.V. All rights reserved.
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1. Introduction

HCIs have extreme physical properties providing new
effects in ion–surface interactions and are thus suited for
new analysis techniques. Besides the kinetic energy a large
amount of potential energy Ep is stored in the ion as a
result of the ionization process. The potential energy of
HCIs increases with the degree of ionization. Ar18+ stores
a potential energy of Ep = 14 keV, Xe44+ of Ep = 51 keV
and Ir67+ of Ep = 156 keV, for instance. If the ions are
decelerated the potential energy exceeds the kinetic energy.
Fig. 1 gives the ratio of the kinetic energy to the stored
potential energy of xenon ions in dependence on their
charge state for different applied potentials. As an example,
the potential energy of a Xe44+ projectile decelerated to
100 eV times q is more than 10 times higher than its kinetic
energy. HCIs are very small-sized projectiles. Hydrogen-
like germanium Ge31+ is one order of magnitude smaller

than atomic hydrogen. Further on HCIs feature in high
static electric fields (1014–1016 V/cm2) caused by their
charge. These strong electric fields are the basis for the
emerging field of ion–surface interactions.

2. Applications of HCIs

If HCIs interact with the solid surface the deposition
of potential energy leads to ultrafast intense electronic
excitations. These interactions result in features on a nano-
meter length scale, such as blisters and craters. Interaction
times are some fs, interaction areas are some 10 nm2. The
power density deposited into the surface can reach up to
1014 W/cm2.

While kinetic transfer is localized along a deep collision
cascade the potential energy of HCIs is released within the
first atomic layers of the surface. Furthermore, the stop-
ping power in solids is very effective, e.g. 100 keV/nm for

Au69+.
Due to their ionic charge HCIs can be accelerated in

a very compact setup, which means that large accelerator
structures are not required. The acceleration at linear
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