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Abstract. A metal-didedric (MD) cylindrica structure introduced in the plasma chamber of an ECR ion

source has a significant positive influence on the production d highly charged state ions. The main plasma
parameters. plasma potential, electron density and eledron temperatures were measured using the Langmuir
probe method An increase of these parameters was observed when the MD structure was inserted in the plasma
chamber of the ECRIS. The plasma potential was determined by an alternative method too, the accurate
determination of the 90° anayzer magnetic field, obtaining a goodagreement.
The analysis of the results lead to the conclusion that the main influence of the MD structure mnsists in the
increase of the electron lifetime, which in turn determine the increase of the ion lifetime and togheter with the
increase of the dectron temperature and eectron density provide a strong enhancement of the high charge state
ion production.

1. INTRODUCTION

A research developed in the Nationa Institute of Physics and Nuclear Engineering (IFIN-HH),
Bucharest, Romania (IFIN-HH), Bucharest, Romania and the subsequent tests caried on at the Institut fir
Kernphysik der J. W. Goethe Universitét (IKF), Frankfurt am Main, Germany allowed to develop a new method
to increase the production of highly charged ions of ECR ion sources [1]. This method allowed to increase by as
much as two orders of magnitude the intensity of Ar'®*ion bean extracted from the IKF 14 GHz ECR ion
source. The method permitted also a significant improvement of the ECRIS stability in operation, with benefic
consequences on the production of very high charge stateions[2].

The method consists in the use of a spedal metal-dielectric (MD) cylindrical structure introduced in the
plasma chamber of the ECR ion source. The MD structure (Al-Al,O3) had a length of 150 mm and covered the
radia plasma chamber wall at the position of the resonance zne. The MD structure is a highly efficient
secondary electron emitter and proved to be very resistant to the eching adion of the nearby hat ECR plasma.
But the important increase of the Ar'®* ion production that was observed can not be explained taking into
account only the increase of collisional processs in the ECR plasma. As a conseguence, it is necessry to
suppose that the high rate of cold electrons provided by the MD structure leads to fundamental changes in the
ECR plasma processes.

The main objedive of the research presented in the present paper was to study some basic aspects of an
ECR ion source operated with a MD structure inserted in the plasma chamber, particularly the key role of the
emitted cold electrons for obtaining high intensities of high charge state ion beams. The influence of the MD
structure on the main ECR plasma parameters (the plasma potential, the eledron temperature and the eectron
density) was experimentally studied and is presented. These plasma parameters determinine the charge state
digtribution (CSD) [3] of the extracted ion beam from the ECRIS.

2. Experimental set- up

The IKF 14 GHz ECR ion source was operated with pure agon as working gas. The gas presairre,
measured at the flange of the source pump, was varied between 1x10”7 mbar and 7.5x10” mbar. The microwave
power was varied in the range 200-600 W. The extraded ion currents were measured in a Faraday cup after the
90°-analyzing magnet. The MD structure was inserted in the plasma chamber.

The plasma parameters were measused by the dasscd Langmuir plasma diagnosis method applied to
the electron retardation region of the probe charaderistics. The moveable Langmuir probe (tungsten wire of 0.5
mm diameter) was inserted through one of the six vaauum ports of the IKF ECRIS [4] at the microwave
injection side of the source, at an inclination angle of 17° relative to the source ais. The probe crossed the
source is close to the maximum of the source axial magnetic field. Thus the probe was outside the very hot
resonance one of the ECRion source plasma.
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The measured voltage-current charaderistics I/V of the probe (V = 0 - 180 V) adlowed to derive the
plasma parameters [5]. The plasma potential Vj is best estimated at the maximum of the first derivative dl/dV of
the probe I/V characteristics.

The mean eledron temperature T, was cal culated from the equation:

Te/ e=-(dInl / dV)* (@))
that links this plasma parameter to the first derivative of the natural logarithm of the probe aurrent | with respect
to the probe voltage V at the plasma potential value[6].

The plasma el ectron density n was cal culated from the Langmuir formula[5]:

lvp = € AN (Te/27Tme) 2 2
where |y, isthe probe eledron current corresponding to the measured plasma potentia vaue, A isthe area of the
probe, e and m, are the electron charge and mass

The electron temperature and the eledron density cdculated by eguations (1) and (2) are subject to a
rather high wuncertainty due to the nonMaxwellian characteristic of the low-presaure magnetoplasma of an
ECRIS [3]. More than that, the @ culated parameters refer certainly to their value a the Langmuir probe
locetion, outside of the ECR zone, but they should be linked to the mean value of the same parameters in the
ECR zone. For these reasons, these two parameters are given only as ratios of their valuein the two modes of the
source operation: without and with the MD cylindricd structure inserted in the plasma chamber. The ratios have
the advantage to minimizethese uncertainties and are agood estimate of the MD structure influence.

In order to chedk the validity of the Langmuir probe method for measuring the ECR plasma potential,
this plasma parameter was determined by an aternative method too, the accurate determination of the 90°
analyzing magnet field Bay, that is proportional to the square root of the extracted ion energy, as a function of
the source etraction voltage Uey. By extrapolating the linear curve BauZ = f(Uexr), the negative value of the
intercept of the Uey, axis represents the pasitive potential of the ECR plasma responsible for a supplementary
amount of energy gained by theions[7]. In fad, instead of By, the airrent through the analyzing magnet coils
was measured and a correction d the remanent magnetic field was applied for improving the acuracy. The
linear fit of the measured curve was made by the least square method.

3. Experimental results and comments

The main objedive of the measurements was to determine the influence of the MD structure inserted in
the plasma chamber of the source on the plasma parameters when compared to the operation of the source
withou the MD structure. For this, reference measurements without the MD structure and measurements with
the MD structure inside the plasma chamber were made in identicaly conditions. The measurements were
performed at different values of the RF power and of the source presaure.

Infigure 1is showed the variation of the plasma potential with the presaure, measured by the Langmuir
methodin bah modes of operation: without and with the MD structure inserted in the source. In both cases, the
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plasma potential is practically constant over the actua presaure range (1x107 mbar + 5.4 x 107 mbar). The MD
structure induced an increase of the plasma potential by about 30%, that isfrom 26 V to 35 V. Similar values, of
24 V and respectively 38 V, were obtained when the plasma potentia was measured by the aternative method
described above, the determination of the linear function Bay? = f(Uexr) for Ar?,

The increase of the plasma potential indicates the complexity of the MD structure dfed, becaise this
result is in contradiction with what was considered until now [7], that the direct injedion of eledrons in the
plasma chamber has as consequence adecrease of the plasma potential.

From spectroscopic measurements is known [8] that in the ECR plasma dways exists an ultracold
electron population having a temperature T, < 2 €V and a density amounting to 50-80% of the tota electron
density. The secondary eledrons emitted by the MD structure enter the plasma with an energy correspording to
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the plasma potential and are able to reach the resonance layer, resulting a shift of the ion charge state distribution
toward higher charge states. The increase of the high charge state component of the ion population determines
the increase of the positive dcharge in the plasma and the ambipolar diffusion medhanism will determine an
increase of the positive plasma potentia in order to reducethe dedron loses.

On the plasma chamber axis, where the Langmuir probe was located, the dominant comporent of the
collected éectronsis formed by the el ectrons escaping from the ECR zone. As aresult, the electron temperature
measured by the Langmuir probe is directly related to the mean el ectron energy in the ECR plasma.

In figure 2 is represented the influence of the MD structure on the plasma dedron temperature. This
influenceis given asthe ratio of this parameter in the two modes of operation d the source, with and withou the
MD structure, at different source presaures. It can be seen that the mean electron temperature in the plasma
determined by the Langmuir probe method - equation (1), increases by about 70% in the presence of the MD
structure. Thisincrease is rather constant in the presaure range that was covered in our experiments.
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The increase of the eledron temperature in the presence of the MD structure is due to the erichment of
the electron popuiation in the ECR plasma by the permanent supdy of electrons from MD walls, that participate
to the stochastic heaing process garting fom an energy corresponding to the plasma potential .

As is known [9] a dominating fador for the charge state distribution of ions is the electron energy,
because the dependence of the ionization cross sedion by ion-electron colli sions on the dedron energy is very
strongfor the highest charged states. The significant increase of the mean eledron temperature that was observed
when the MD structure was inserted in ECRIS explains the previous observations of a very important increase
of the highest charge state ion bean intensity and a strong shift of the ion bean charge state distribution to
higher charge states induced by the presence of the MD structure[1, 2].

The impad of the MD structure on the plasma dedron density determined by the Langmuir probe
method - equation (2) is represented in figure 3. Here dl the experimenta values, measured at a RF power of
400 W, have been normalized to the lowest electron density ne i, measured in standard conditions of the ECR
source, without MD structure, at the lowest source pressure (1x107 mbar). It can be seen that the electron density
strondy depends
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on the source presaire and that the presence of the MD structure induce an important increase, by a fador of
abou three, of the dedron density, probably mainly that of the hot eledron population. As a result the
collisional processes are enhanced, contributing to the increase of the high charge state ion beam production.

This result is remarkable because one @n nat obtain a high poduction  highly charged ions by
increasing the neutra presaure despite the increase of the plasma eledron density in this case too, due to
recombination that damps down the high charge state components of theion population [9].

The variation of the dectron plasma density with the RF power in the presence of the MD structure is
represented in figure 4. Here the experimental values were normalized to that obtained at the lowest RF power.
The plasma el ectron density increased by 30% when the RF power was increased from 200 W to 450 W.

The analysis of the influence of the MD structure on the ECR plasma parameters gives the possibility to
outline an image a&ou how these structures lead to very high enchancements of the high charge states in the
ECR ion sources.

Asis known, the production of multiply charged ions depends on the dectron density and temperature
and on the ion lifetime. The ambipdarity of the ion and electron currents leaving the plasma is a dominant
processin the quiescent low-presaire steady-state ECR plasma of a min-B ECRIS [3, 10]. When the eledron
lifetime is improved through some spedfic tedhniques, the ion life time will be increased too. The main
influence of the MD structure consists in an increase of the eledron lifetime by the permanent emisson of an
intense flow of cold eectrons which in turn increase the ion lifetime. This influence is correlated with higher
values for the electron population in plasma increasing the collisional processes and with the increase of the
€electron temperature shifting the charge state distribution to higher charge states.

4. CONCLUSIONS

The influence of an MD (Al-Al,O3) cylindrical structure, an important e ectron donor, on the main ECR
plasma parameters was experimentally studied using the Langmuir probe diagnasis method. A net increase of the
plasma patentia, from abou 25 V to about 35 V, of the electron temperature by a fador of 1.7 and of the
electron density by afactor of 2.5 was observed. Thisincrease of the main ECR plasma parametersis at the basis
of the strongenhancement of the highest argon ion charge states previousy measured when an MD structure was
utilized.
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