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Abstract

A new ion beam facility for slow highly charged ions
is presented that will provide low and medium energetic
highly charged ions. An Electron Cyclotron Resonance
(ECR) ion source delivers high currents of low and medium
charged ions whereas very highly charged ions at lower
ion currents are supplied by an Electron Beam Ion Trap
(EBIT). The new ion beam facility will provide an experi-
mental environment for basic research in atomic and solid
state physics, as well as applied research in areas such as
surface engineering, nanostructuring and nanobiotechnol-
ogy.

INTRODUCTION

Slow highly charged ions (HCIs) are of increasing inter-
est for a wide range of investigations in both basic and ap-
plied research. Fundamental studies in atomic physics, ma-
terials research, plasma physics and radiation physics are
concerned as well as structuring, modification and analysis
of solid surfaces and biological objects ([1, 2, 3]). HCIs
are available from huge ion accelerators which supply high
energetic ions, from Electron-Cyclotron-Resonance (ECR)
ion sources, Electron Beam Ions Sources (EBISs), and
Electron Beam Ion Traps (EBITs).

The physical properties of HCIs depend strongly on their
charge state. Large amounts of potential energy are stored
in the ion as a result of the ionization process. This energy
increases with increasing ion charge state and can reach up
to several hundred keV. The amount of stored energy of any
charge state of any element up to uranium can be found at
[4]. The potential energy stored in a HCI can be deposited
into a surface with a lateral resolution of about 10 nm and
a depth of about 1 nm, the interaction taking place within a
few femtoseconds. This is equivalent to a deposited power
density of up to 1014 W/cm2. In order to investigate the
role of potential energy deposition in solids experiments
with ionic projectiles with the potential energies exceeding
the kinetic energy must be provided. Hence, the ion beam
must be decelerated to low kinetic energies.

A new ion beam facility, a cooperation project between
the Forschungszentrum Rossendorf and the Dresden Uni-
versity of Technology, is presented that will provide both
high currents of low and medium charged ions from an
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ECR ion source and very highly charged ions at lower ion
currents from an EBIT.

SET-UP OF THE
TWO-SOURCE-FACILITY

The extraction of ions out of a plasma requires extraction
voltages in the range of 10 to 100 keV. In order to reduce
their kinetic energy the ions undergo a deceleration after
selection of the required charge to mass ratio.

ECR ion sources as well as EBIT devices are producing
ions with different charge states q by electron impact ion-
ization. During the ionization process multiple electron-
ion collisions lead to certain ion velocity distributions. In
ECR ion sources this results in beam emittances of about
100 · 10−6π m rad at 25 keV [5, 6]. The energy of ions cre-
ated in EBIT devices exceeds several 10 eV, established by
both model calculations [7] and X-ray spectroscopic data
from helium-like argon ions [8].

Beam formation and momentum analysis work better the
more kinetic energy the ions gain in the acceleration gap.
Finally, the separated ion beam needs to be decelerated to
supply the potential energy of the ion species while sup-
pressing the influence of the kinetic energy. Unfortunately,
the beam spreads out according to its initial perpendicular
velocity component. The beam emittance increases propor-
tional to the ratio of the particle velocity before and after
retardation vstart/vfinal.
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Figure 1: Schematic of the two-source-facility. Upper
right: Potential distribution between S2 and target. ∆U
is the potential difference between ion source and target.

The Rossendorf two-source-facility (Fig. 1) is based on
an acceleration-deceleration principle. A pulsed ion beam
from a room-temperature electron beam ion trap (Dresden

Proceedings of EPAC 2004, Lucerne, Switzerland

1189


