
c 

RECENT DEVELOPMENTS IN ECRIS TECHNOLOGY AT ARGONNE NATIONAL LABORATORY AND THE 
NEW ATLAS 14 GHz ECRIS PROJECT 

I The submitted manuscript has been authored 
by a contractor of the U. S. Government 

R. Harkewicz P. J. Billquist and R. C. Pardo under contract No. W-31-104ENG-38. 
Accordingly, the U. S. Government retains a 
nonexcluiive, royalty-free license to publish 
or reproduce the published form of this 
contribution, or allow others to do so, for 
U. S. Government purposes. 

Argonne National Laboratory, Physics Division 
Argonne, Illinois 60439 U. S. A. 

Abstract 

A summary of recent developments in ECRIS 
technology taking place at Argonne National Laboratory 
is presented in this paper. A pulsed laser for ablation of 
solid material into the source plasma has been used on- 
line with the ATLAS PII-ECRIS and has allowed direct 
time measurements to be made which verify and quantify 
sequential, step-by-step ionization taking place in an 
ECRIS. In addition, during the course of these laser 
studies a method was discovered which, from an 
operational viewpoint, represents an important new 
method for incorporating solid materials into an ECFUS. 
We also report on a new 14 GHz ECRIS currently under 
construction at Argonne. This new ECRIS, along with a 
new 300 kV high voltage platform and building addition, 
will further the capabilities of the ATLAS facility by 
providing the accelerator with a second, independent 
ECRIS . 

Introduction 

Improved techniques for the introduction of solid 
materials into an ECRIS are vitally important to the 
ATLAS nuclear physics research program. This is 
evident considering the increasing demand for very heavy 
ion beams at ATLAS and also noting that all the heavy 
stable elements above xenon are solids at standard 
temperature and pressure (STP). During 1993, 19% of the 
total ATLAS research beam time was devoted to the 
acceleration of uranium beams alone. Our active solid 
beam developmental efforts at ATLAS have yielded some 
very interesting and useful results. While the nuclear 
research program has benefited from the production of 
new ion beams, in addition, new insight has been gained 
concerning some fundamental ECRIS internal parameters. 

Ionization Time Evolution Studies in an ECRIS using 
a Laser Ablation Technique 

In an effort to explore new methods of producing 
ion beams from solid materials, a laser ablation technique 
for evaporating materials directly into an ECRIS was 
developed and initially tested off-line (independent of an 
ECRIS). These off-line tests demonstrated the feasibility 
and potential benefits of such a method [I] .  Having 
demonstrated this feasibility, we next set out to test the 
laser ablation method on-line with the ATLAS PII- 
ECRIS. The main features of the PII-ECRIS are shown in 
Fig. 1 and have been described earlier [2 ] .  Referring to 
Figs. 1 and 2, the on-line laser tests involved a pulsed 
NdYaG laser beam passing through a focussing lens 
mounted outside one of the PII-ECRIS radial ports. 
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Fig. 1 Cross-sectional view of the ATLAS PII-ECRIS 
[2]. Note that the source second stage plasma chamber has 
a total of four radial access ports, each port oriented 90" to 
an adjacent one. 
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Fig. 2 End view of the PII-ECRIS second stage plasma 
chamber showing the experimental setup used in the laser 
ablation tests. Note that only two of the four source radial 
access ports are shown. This same setup was also later 
used for the ion plasma sputtering technique. 

The laser used has a wavelength of 1064 nm and a peak 
power density on the order of lo7 Wfcm2. A sample was 
inserted into the source from an opposing port and 
positioned at the focus of the laser. The sample consisted 
of approximately 400 mg of bismuth metal powder 
pressed into a stainless steel holder attached to a 
stationary stainless steel rod. Bismuth was used for 
these initial tests because it was thought to be an easy 
material to ablate and its single isotopic composition 
would simplify beam analysis. The sample was well 
outside of the ECR plasma surface -- approximately 5 mm 

IS UNLIMITED 
GH 



DISCLAIMER 

Portions of this document may be illegible 
in electronic image products. Images are 
produced from the best available original 
document. 



inside of the radial port and calculations predict that the 
ECR plasma surface is approximately a distance of 1 cm 
inside from the plasma chamber wall. The sample had the 
capability of being voltage biased relative to the source 
extraction voltage in order to investigate the possibility 
that the laser might be responsible for some initial 
ionization of the bismuth neutral atoms (prior to being 
ionized by the ECR process). 

Presently, we are still investigating modes of 
operation where a successful compromise can be achieved 
between adequate laser power and laser pulsing 
frequency. From an operational standpoint, for the laser 
ablation technique to be of practical use, a CW beam of 
satisfactory intensity and stability is required out of the 
ion source. By pulsing the laser, its instantaneous power 
(power per pulse) is maximized and it is possible to ablate 
even very refractory materials. However, the pulsing 
frequency needed €or this power can be so low that the 
CW qualities of the beam are sacrificed. The immediate 
success of the laser ablation technique has been its use in 
allowing us to make direct time measurements which 
verify and quantify sequential, step-by-step ionization 
taking place in an ECRIS. 

A Faraday cup approximately 2.5 m downstream 
from the PII-ECRIS extraction electrode was connected to 
an oscilloscope and used to monitor charge analyzed 
bismuth beam current after each laser pulse (the 
oscilloscope was triggered by the laser pulse). The laser 
was pulsed at 1 Hz, with the laser pulse itself having a 
width of approximately 200 ns. Fig. 3 shows the results of 
these measurements for the 10+ through 24+ charge states 
of bismuth. The flight time of ions leaving the source and 
traveling to the Faraday cup was on the order of 
microseconds and could be ignored in these time 
measurements. 

These results offer some very valuable insight 
into internal ECRIS parameters. 

We have been able to quantify, according to charge 
state, the time period between introducing neutral 
atoms into an ECRIS and extracting them as ions. 
Clearly, the lower charge state ions require less 
time for this process than do the higher ones and 
this progression is systematically substantiated in 
the Fig. 3 results. 

A rise and decay time dependence with ion charge 
state is present, both times increasing with 
increasing ion charge state. This indicates that the 
lower charge state ions feed the higher ones, 
verifying the notion that sequential ionization is 
taking place in an ECRIS. 

The ‘fast’ peak that appears at about 1 ms for the 
higher charge state ions raises much interest. 
Notice that it first appears with the 20f charge state 
and progressively grows in intensity with the 
higher charge ions. It was first thought that this 
peak might be the result of ‘pre-ECR ionization’ 
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(prior to the ECR process) of the neutral atoms by 
the laser. If this were the case, voltage biasing the 
bismuth sample with respect to the plasma should 
time shift the occurrence of the 1 ms peak; that is 
shift it below 1 ms with positive bias and above 1 
ms with negative bias. This did not occur and it is 
now believed that the fast peak we observe is the 
result of an effect similar to the RF afterglow [3]. 
An interpretation is that the prompt introduction of 
dense neutral material into the plasma acts as a 
‘sink’ for hot electrons, quickly collapsing the 
plasma and creating a very high flux of ions. The 
progressive increase in intensity of the fast peak 
with increasing charge state is similar to the RF 
afterglow charge dependence that has been 
observed [4]. In addition, the fast peak occurring 1 
ms after the laser pulse is characteristic of the RF 
afterglow peak occurring 1 ms at the end of the RF 
pulse. 
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Fig. 3 Results of the PII-ECRIS laser ablation tests 
used to study the sequential ionization of bismuth. The x- 
axis is time (note the different time scales used for the 
three columns) and the y-axis is beam intensity (scale 
arbitrary). The heavy vertical arrow indicates the time at 
which the laser was pulsed (laser pulse width = 200 ns). 
The time evolution of the different bismuth charge states 
is shown, with the values at the right indicating the time 
between the laser pulse and the peak of the beam 
intensity. 



We have attempted to reproduce our time 
evolution results with a simple sequential stripping model 
which ignores recombination. The ionization cross 
sections of Lotz [5] [6] have been used and the electrons 
are assumed to be in thermal equilibrium at temperature 
T, and density pe This simple model can reproduce the 
observed time evolution reasonably well over a very 
limited range of electron temperatures and densities. The 
best fit to our data, shown in Fig. 4, is for T, = 1000 eV 
and for p, = IO1*/cm3. Table I shows the comparison of 
our measured ionization times to these calculated values. 
These results should not be too surprising to the 
community, but neither electron temperatures of 100 or 
5000 eV nor electron densities of 10" or 10i3/cm3 are 
consistent with the our data indicating a fair sensitivity to 
electron plasma parameters. 

The above results demonstrate that the laser 
ablation technique is an extremely useful method for 
studying internal ECRIS parameters. Addition work will 
continue in the future, in particular we plan to investigate 
the relationship between source magnetic configuration 
and ionization times. 
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Fig. 4 Calculated ionization times, using ionization 
cross sections of Lotz [5] [6], for bismuth for T, = 1 keV 
and p, = 1012/cm3. 

Table I Measured ionization times compared to 
calculated ionization times for bismuth for T, = 1000 eV 
and p, = 1012/cm3. 

Q Measured Time Calculated Time 
(msec) (msec) 

10 
12 
14 
16 
18 
20 
22 
24 

2.4 1.5 
4.1 2 
5.2 4 

7 6 
10 8 
15 10 
19 15 
35 30 

Ion Plasma Sputtering as a Method of Introducing 
Solid Material into an ECRIS 

Direct ion plasma sputtering of solid material in 
the PII-ECRIS was first observed during the laser ablation 
studies while investigating the presence of the 1 ms fast 
peak which was described above. A complete description 
of the plasma sputtering technique has already been 
presented 171. The method basically involves placing a 
negatively biased solid sample just outside of the ECR 
plasma. Plasma ions, supplied by the ECRIS support gas, 
accelerated toward the sample impact upon its surface and 
sputter solid material into the plasma. The same basic 
hardware setup used for the laser ablation studies (shown 
in Fig. 2) has been used here, although minor 
modifications have been employed. 

This technique has been used, to date, with the 
PII-ECRIS to produce very stable ion beams of Ca, Ni, 
Ge, Ag, Sn, Te, Au, Pb, Bi and U. For some of these 
beams, isotopically enriched material has been used with 
impressively low consumption rates -- less than 90 
pgm/hr. Fig. 5 shows the extracted beam current as a 
function of sample bias voltage for some materials tested 
using 0 2  support gas in the ion source. Referring to Fig. 
5 ,  the largest overall beam currents are obtained at the 
higher sputter voltages, however the lower sputter 
voltages favor the production of higher charge state ions. 
The 'super gas mixing' effect [8] demonstrates that by 
having the source material concentration very low in an 
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Fig. 5 Results of the ion plasma sputtering technique 
for some solid materials. Graph shows the measured 
beam current for ions extracted from the PII-ECRIS as a 
function of sputter voltage. An 0 2  support gas was used 
in the ion source for all these measurements. 



ECR plasma, very high charge state ion production is  
favored. The lower sputtering voltage results in less 
sample material being put into the source plasma and an 
effect similar to super gas mixing is seen with the shift to 
higher charge state ions. 

The ion plasma sputtering technique represents a 
significant step in the technology of producing beams 
from an ECRIS using solid feed material. From an 
operational standpoint, it offers stability, reliability and 
simplicity. Some of the other benefits it provides are: 

Small sample sizes 

Quick response and decay times 
Low sample material usage rates 

Source tuning independent of solid material feed 
Control of beam intensity and charge state 
distribution with sample voltage 

The development of ECRIS beams from new 
solid materials (Fe, Zn, Se, Mo, Ru) will continue to be 
explored using the ion plasma sputtering method. In 
addition, this technique may have applications in the 
production of radioactive beams. For example, a small 
amount of radioactive sample electroplated onto a solid 
backing may be used as the sputter material. 

The New ATLAS 14 GHz ECRIS Project 

A new 14 GHz ECRIS is currently under 
construction at Argonne. This new ECRIS, along with a 
new 300 kV high voltage platform and building addition, 
will further the capabilities of the ATLAS facility [9] by 
providing the accelerator with a second, independent 
ECRIS. Through a collaborative design effoit with the 
Lawrence Berkeley Laboratory, the new ATLAS ECRIS 
is a modification of the LBL AECR source [lo]. A cross- 
sectional view of the new ATLAS 14 GHz ECRIS along 
with a profile of its axial magnetic field configuration is 
shown in Fig. 6. 

Compared to the LBL AECR, the new ATLAS 
source will have a much higher axial and radial magnetic 
field. Similar to the LBL AECR, the new source will 
employ slots in  the plasma chamber which allow for 
radial pumping and access for solid material ovens. 
However, the new source will have a sextupole field of 1 
T at the chamber wall compared to the 0.6 T field of the 
LBL AECR. The new source will also incorporate an all 
aluminum plasma chamber and extraction electrode. 
Recently, the benefits of incorporating aluminum 
components in an ECRIS due to the high secondary 
electron yield of A1203 have been demonstrated [ 1 11 and, 
in fact, are being used in our present PII-ECRIS. 

The design goals of this project are to design an 
ECRIS which allows for relatively quick and easy main- 
tenance, ample accessibility to allow for beam 
development from solid materials, and of course 
impressive beam production. The first source 
performance results should be available by July of 1996. 

Conclusions 

Our efforts to investigate new techniques for 
coupling solid material into an ECRIS at Argonne 
National Laboratory have proven very useful. The laser 
ablation technique has permitted direct time 
measurements to be made concerning ionization times and 
has provided insight into internal ECRIS parameters and 
dynamics. The ion sputter technique, discovered while 
conducting the laser ablation studies, represents a 
significant step in the technology of producing beams 
from an ECRIS using solid feed material. Work will 
continue in the future to further explore these two 
methods and their capabilities. 

The new ATLAS 14 GHz ECRIS is presently 
under construction. Through a collaborative design effort 
with LBL, the new source is an evolution of the LBL 
AECR. The first source performance results should be 
available by July 1996. 
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Fig. 6 Cross-sectional view of the new ATLAS 14 GHz 
ECRIS. A profile of its axial magnetic field configuration 
is also shown. The new source is a modification of the 
LBL AECR [ 101. 
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