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The Dresden electron beam ion trap �EBIT�/electron beam ion source �EBIS� family are very
compact and economically working table-top ion sources. We report on the development of three
generations of such ion sources, the so-called Dresden EBIT, Dresden EBIS, and Dresden EBIS-A,
respectively. The ion sources are classified by different currents of extractable ions at different
charge states and by the x-ray spectra emitted by the ions inside the electron beam. We present
examples of x-ray measurements and measured ion currents extracted from the ion sources at certain
individual operating conditions. Ion charge states of up to Xe48+ but also bare nuclei of lighter
elements up to nickel have been extracted. The application potential of the ion sources is
demonstrated via proof-of-concept applications employing an EBIT in a focused ion beam �FIB�
column or using an EBIT for the production of nanostructures by single ion hits. Additionally we
give first information about the next generation of the Dresden EBIS series. The so-called Dresden
EBIS-SC is a compact and cryogen-free superconducting high-B-field EBIS for high-current
operation. © 2008 American Institute of Physics. �DOI: 10.1063/1.2804901�

I. INTRODUCTION

Beginning with the 1980s of the last century highly
charged ions �HCIs� have become interesting in fields of re-
search such as atomic physics, plasma physics, accelerator
physics, and others. Hence there is a need producing HCI in
laboratories independent of the existence of huge accelerator
facilities. In this context the construction and successful op-
eration of the first electron beam ion trap �EBIT� device1

provided an economic access to HCI. The principle of opera-
tion of this device was similar to existing cryogenic electron
beam ion source �EBIS� known from earlier works.2

Classical EBIT devices use liquid helium to ensure the
necessary temperatures for superconducting coils forming
the magnetic fields from 3 to 8 T. The axial magnetic field
compresses the cathode-emitted electrons to a high-dense
beam which acts as the ionization medium in the ion source.
In this context the request for inexpensive compact devices
arises at which liquid helium does not dominate the operat-
ing costs. A possible solution is the use of permanent rare-
earth magnets instead of superconducting coils, i.e., the
construction of a room-temperature EBIT. Basically the use
of permanent magnets limits the maximum magnetic field
strength resulting in lower electron current densities. In the
present paper the development of the Dresden EBIT/EBIS
family3 will be described answering the question which

ion charge states and ion beam currents can be produced
with that technology. The presented work continues early
attempts to develop room-temperature ion sources for highly
charged ions.4–8

II. ROOM-TEMPERATURE EBIS/T: THE DRESDEN ION
SOURCE FAMILY

In 1999 a development program for room-temperature
EBIT/EBIS was started as a cooperation project of the Dres-
den University of Technology and a medium enterprise ac-
tive in the business segment of vacuum techniques. The goal
was not to produce the highest ion charge states but to de-
velop an ion source generation producing a wide spectrum of
highly charged ions of almost all stable elements. The design
of the ion sources was supposed to allow x-ray, UV, EUV,
and visible light spectroscopies of radiation emitted by ions
inside the trap. Furthermore, the produced ions should be
provided for external ion irradiation experiments. The impor-
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TABLE I. Basic parameters of cryogenic and room-temperature EBIT.

Parameter Cryogenic EBIT/EBIS Dresden EBIT/EBIS

Formation of the
magnetic field

Cryogenic
Helmholtz coils

Permanent
magnet rings

Magnetic field strength 3–8 T 250–620 mT
Vacuum 10−10 mbar and better �1–100��10−10 mbar
Electron energy Up to 200 keV Up to 32 keV
Electron beam density Some 1000 A /cm2 100–1000 A /cm2
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