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Pro duction of highly charged argon ions from a ro om
temp erature electron beam ion trap *
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Abstract In this work, highly charged ions have been extracted from the advanced Electron Beam Ion
Source (EBIS-A) developed in a scienti�c cooperation between the Dresden Univ ersity of Technology and the
DREEBIT GmbH Dresden. The charge state distributions of ions extracted from the EBIS-A are measuredin
the pulse and leaky modes under di�eren t operation conditions. Ar 16+ ions with current of 2 pA are produced
and extracted in the leaky mode. 3� 105 Ar 18+ ions per pulse are extracted in the pulse mode. The ion charge
state distribution is a function of the ionization time.
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1 In tro duction

The studies of highly charged ions (HCIs) have
been reported intensively in resent years[1, 2] . Elec-
tron Beam Ion Traps (EBIT) or Electron Beam Ion
Sources(EBIS) are powerful sourcesfor the produc-
tion of di�eren t kinds of HCIs. The �rst EBIT was
designedby Levine et al.[3 ] and the bare uranium ions
wereproducedby Marrs et al.[4 ] In EBIS or Trap, the
atoms were injected into the drift tube and ionized
into ions immediately. The ions were trapp ed by a
trap con�guration formed due to the electron beam
potential and an additional electrostatic trap poten-
tial. The ionization processhappened as a result of
successive electron impact ionization in the region of
the middle drift tube (seeFig. 1).

The maximum charge states are determined by
the ionization factor, which is de�ned by j e� , where
j e is the electron current density and � is the ioniza-
tion time. Magnets are usedto compressthe electron
beamup to the densitiesin the order of 1� 103 Acm� 2

to increase j e. For the cryogenic EBIS/T the high
magnetic compression�eld is producedby the super-
conducting magnets which need liquid helium or ni-

trogen for cooling[3 |6] . Such systemsare very com-
plex and the operation costs to maintain the devices
are expensive.

A new type of EBIT or EBIS devices working
with permanent magnetsweredeveloped in Germany
in the cooperation between the Technische Univer-
sit•at Dresden and the DREEBIT GmbH Dresden[7] .
These ions sourcesare commercially available now[7]

and open a new accessto use highly charged ions in
basic research for technological applications. The ion
sourcesare very compact facilities without any cryo-
genic liquids. Compared with the cryogenic EBITs,
the DresdenEBIT or EBIS aremuch simpler, smaller,
cheaper and more reliable[8 |11 ] . A schematic sketch
of the Micro-Beam Facilit y of the TU Dresden is
shown in Fig. 2. All measurements reported in this
paper are realized at the facilit y.

2 Exp erimen tal setup

The principle of operation of Dresden EBIS or
Trap is shown in Fig. 1 and Fig. 2. The electrons
emitted from cathode are acceleratedby an electro-
static �eld between the cathode and the drift tube

Received 19 July 2007

* Supported by National Natural Science Foundation of China (10475035)
1) E-mail: tswang@lzu.edu.cn

389 | 392



390 Chinese Physics C (HEP & NP) Vol. 32

Fig. 1. Principle of operation (top) and operational scheme (bottom) of the Dresden EBIS.

Fig. 2. Schematic of the ion beam line of the
Micro-Beam Facilit y of the TU Dresden. FC-
Faraday cup.

ensemble. While the electronsare passingthough the
drift tube region, the ions are ionized by the colli-
sion of electrons in a high denseelectron beam. The
electron beam is compressedby permanent magnets
which produce a magnetic �eld of about 600 mT.
After passing the third drift tube, the electrons are
decelerated to 3 keV and more than 99.8% of the

electronsare collected by a water-cooled collector[12 ] .
The ions which are trapp ed by the electron beam
and the electrostatic potential wall are further ion-
ized and heated by the elastic electron-ion collision.
After trapp ed certain time, the ions are extracted at
di�eren t extractor voltages. Passingthough the ion-
optical components (einzel lens and de
ectors), the
ions are separated by an analyzing magnet. Then
the charge state separatedion beam is detected by a
Faraday cup. The Faraday cup is connectedwith the
electrometer which can measurethe current down to
fC in Coulomb mode. There is a cable outside the
electrometer to avoid disturbance. The complete ion
beam-line works under ultra high vacuum conditions
(in the order of 10� 9 mbar) and is controlled by com-
puter.
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3 Results and discussion

3.1 Charge state distribution

Principally there are two modesfor extracting ions
from the ion trap: the leaky mode and the pulsed
mode. The trap potential is kept to be constant in
leaky mode. The ions with high enough kinetic en-
ergy can over
o w the wall and escape. In the pulsed
mode, the trap potential opens periodically with an
adjusted frequency. Fig. 3 and Fig. 4 show the ion
chargestate distributions of argon ions which are ex-
tracted from the DresdenEBIS-A. In the experiment,
the current of Ar 16+ ions in the leaky mode is 2pA
at an electron current of 64 mA and an electron en-
ergy of 18 keV. The argon working gas pressure is
3� 10� 9 mbar and the trap potential is 80 V. As one
canseein Fig. 4, about 1� 105 Ar 17+ and 3� 105 Ar 18+

ions per pulse are extracted from the EBIS-A with
the ionization time of 0.3 s and 5 s, respectively. The
electron energy is 13.5 keV, the electron current is
77 mA, the argon pressureis 3� 10� 9 mbar, the trap
potential is 100 V and the extracted time is 10 ms.

Fig. 3. Charge state distribution of Ar ions ex-
tracted from the Dresden EBIS-A in the leaky
mode.

Fig. 4. Spectrum of argon ions extracted from
the Dresden EBIS-A in the pulse mode.

3.2 Time developmen t of the argon charge
state distribution

The development of individual ion charge states
versusthe ionization time is shown in Fig. 5. It can
be seenfrom this �gure that the ions are extracted in
the pulse mode with an electron energy of 13.5 keV
and an electron current of 77 mA, respectively. The
sourcepressureis 3� 10� 9 mbar and the depth of the
trap is 100 V. Ar 17+ and Ar 18+ ions are produced
with the ionization time of 200 ms and 600 ms, re-
spectively. The mean charge state increaseswith in-
creasingof the ionization time. The ions intensity of
Ar 12+ , Ar 13+ and Ar 14+ goesup to the maximum and
then decreasesas the ionization time increases.

Fig. 5. Dependenceof the ion charge state dis-
tribution of argon ions on the ionization time
with an electron energy of 13.5 keV. The ions
were extracted from the EBIS-A in the pulsed
mode.

The distribution of charge state in the EBIS-A
would passtwo steps. In the �rst step the atoms are
ionizedand heatedby electronsand the multi charged
ions (MCIs) are accumulated in the trap. The mean
temperature of MCIs is low and only a few ions can
escape from the potential wall. In the secondstep
HCIs are produced with the increase of ionization
time. The temperature of HCIs is higher than that of
the MCIs under the same working conditions[13 , 14] .
The collision between ions becomemore important
than the electron heating and then MCIs are heated
deeplyby HCIs. The temperature of MCIs in the sec-
ond step is higher than that in the �rst step. As a
result, MCIs could easilyovercomethe potential wall,
and the density of MCI in the drift tube is decreased.

Figure 6 shows the dependenceof output of the
extracted ions on the trap potential. Here the elec-
tron energy is 13.5 keV and the source pressure is
about 3� 10� 9 mbar. The relative intensity is de�ned
by I q+ =Ie, I q+ is the ion current extracted from EBIS
and I e is the electron current, respectively. The rel-
ative ion output goes up to the maximum at trap
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potential of 60 V and then drops dramatically with
the increaseof trap potential. One can concludethat
the trap potential should be kept below 80V at an ar-
gon pressureof 3� 10� 9 mbar[12] . The trap potential
has great in
uence on the output current of highly
charged ions in leaky mode becauseonly the ions,
which have high enough temperature, can overcome
and escape the barrier. The higher the ion temper-
ature in EBIT is, the larger the ion output would
be in leaky mode. In leaky mode the application of
heavier atoms should lead to an increaseof the ion
temperature in the EBIT.

Fig. 6. Dependenceof the extracted currents of
individual ion charge states on the trap poten-
tial.

4 Conclusions

The DresdenEBIT or EBIS are useful devicesto
produceHCIs. Hereoneof thesesources,the Dresden
EBIS-A is analyzed. Compared with the cryogenic
EBITs the DresdenEBIS-A is more compact, reliable
and economical. The ion charge state distributions
extracted from the DresdenEBIS-A aremeasuredun-
der di�eren t operation conditions. In the leaky mode
the Ar 16+ ions are producedand extracted at an elec-
tron energy of 18 keV and an electron beam current
of 64 mA at an working gaspressureof 3� 10� 9 mbar.
The time development of individual ion chargestates
has been measured by ion extraction experiments.
Here about 3� 105 Ar 18+ ions are extracted per pulse
at an electron energy of 13.5 keV and an electron
beam current of 77 mA without additional coolants.
The result suggeststhat the trap potential has sig-
ni�can tly in
uence on the output of highly charged
ions in the leaky mode.
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