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ABSTRACT : 

An electron cyclotron resonance source has been realized ; The principal 
properties are : good gas efficiency, low gas pressure in the source and in the 
extraction region ; the current density that can be extracted at 12 KV is of the 

2 order of 240 mA/cin . When working with nitrogen,charge states for the ions up to 
+ 5 may be reached ; for charge + 4, the abundance is about 1%. Another remar
kable property is the normalized omittance value at 10 kV : 4.5 10 m-rad. 

1 - INTRODUCTION. 

The influence of the charge of ions used as projectiles in collisions 
with atoms or electrons is a field that has been relatively few explored HI, /2/. 

This is due mainly to the lack of sources delivering highly charged ions working 
in stable, reproducible conditions. The current, delivered for the ease of 
experiments should not be to minute. Furthermore, the source design should make 
it long lived ; being pulsed, the duty cycle has to be varied in a large range 
of values. ' , 

The problem of impurities /3/, for fusion research, is such that a 
collision physics program is started. The source being as such a problem, the 
caracteristics of the device developped at our lab are presented. 

2 - EXPERIMENTAL DEVICE AMD DIAGNOSTICS. 

2.1. The Source. 

The source body is made of a quartz tube situated in a magr.etic bottle. 
The quartz tube is placed on the axis of an electromagnetic resonant cavity 
(Fig. I). 

Electromagnetic energy leaking ou'- of the cavity creates in the capil-
-2 lary tube a cold plasma. (The local pressure is of order 10 Torr) of density 



in*' -3 
ii ~ 10 cm 

This cold plasma diffuses along the magnetic field gradient. The 
electrons penetrate in a region where locally w = ax,„ (u electron cyclotron r J ce HF ce } 

frequency, a) K.F. frequency). By resonant interaction with the E.M. 
Mr 

field, they are heated up and gain sufficient energy to ionize and create 
highly charged ions. 

The neutral gas pressure, in normal working conditions is in the 
source of thî order of a few 10 Torr. (This amounts to a gas consumption of 

3 about 1 cm Torr/second). 

The source is at a high positive potential with respect to the 
grounded extractor. In the reported experiments, the source potential has been 
rised up to 15 KV. The extraction hole in the source has a diameter of 4 mm. 

The pressure in the extraction region is of order 5.10 Torr. 
In normal use, the source is pulsed : pulse width may be adjusted, 

HF pulses last from .I to 10 ns. 

Repetition rate can be adjusted so that the duty cycle is varied 
-2 between 10 and .5. High frequency power incident on the cavity may be varied 

up to 2 XW. The cavity résonnâtes, when empty on a T E „ . mode at 10 GHz. 

2.2. Diagnostics techniques. 

2.2.1. Piasiïîâ_EâI35îê££IS_i!§£SE!?iDî£i2S• 

Due to the resonance heating, plectrons acquire in the resonance 
region high energies. The content of energy of the electron is measured with a 
diamagnetic loop passed around the quartz tube. It gives in working conditions, 
values of n k T between A.10 eV/cm and 10 eV/cm . 

e 

Plasma density measurement. The electron density is measured with 
an 8 mm wavelength interferometer. The electron mean number density is between 

1 1 - 3 1 2 - 3 5.10 cm and 5.10 cm depending both on neutral gas pressure in the source 
and H.F power incident on the cavity. 

2.2.2. Beam_2rop_erties. 

Three parameters are determined experimentally : Total current 
extracted, charge state of the ions, source einittance. 
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Total current and einittnnce. Fig. 2 represents the pr inciple of the 
emittanccmeter. Caracteris t ic values obtained are : Normalized emittance at 
10 kV A.5 10 m-rad value to be compared with those given by ciuoplasmatron. 
Current extracted reaches 30 nA which corresponds to a current density of order 

2 240 mA/cm . 

Change states in the beam. The bean is charge analyzed with a Wren 
filter. When the source operates with nitrogen, ion charge states up to : 5 are 
observed with abundances. 
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3 - EXPERIMENTAL RESULTS. 

The evolution of the different parameters are considered here : 

3.1. Electron number density and electron energy. 

For given magnetic field and pressure in the rource (here p - 10 Torr 
Nitrogen) it can be observed that when increasing the H.F. power, the number 
density increases (Fig. 3). In the mean time as represented on Fig. 4, the 
signal related to the electron temperature is increased. 

3.2. Extracted current analysis . 

In the conditions defined above, a current of ions is extracted 
(V » + 13 KV) ; for a H.F. power effective!/ absorbed in the plasma of the order 
of 600 Watts, the current reaches a value of order 25 mA ; this value corresponds 

2 to a current density of 200 mA/cm (Fig. 5). 

If a charge to mass ratio analysis is performed when n k T has a 
value of order 4.10 eV/cm , the following ions appears : N-, N , N , N , N ', 
+5 
N . Fig. 6 shows an emittance diagramm obtained in the experimental conditions -7 above defined. The normalized value is of order 8.10 m-rad. The charge analysis + + 2+ 3+ 4+ performed with the Wien filter shows the following ions : N , N , N , N , N . 



4 - DISCUSSION. 

A tentative interpretation of the proceeding results can be made. 

Due to the low gr.s pressure in the source body, an increase in H.F. 
power gives both an increast in electron number density ;-nd electron temperature. 

These variation? are reflected in the fact that the current density 
extracted increases at given extraction potential, in the mean tin.e, the ultinate 
charge that can be reacted is increased. (There is here a limitation). The 

k T e 1/2 emittance becomes worse because this quantity is proportional to (——) 
m i 

The highest charge reached can be explained by the following arguments 
The number density of a given charge formed per unit time is a balance of the 
creation rate (ionization minus destruction (charge exchange, diffusion). In 
our experimental conditions, the creation rate is due to step by stop ionization 
plus multiple ionization in one collision, the former process being dominant 
and consistent with theoretical results /4/. The destruction rate is governed 
by diffusion of the electrons in the magnetic structure of the source. 

Finally from an inspection of the charge to mass ratio analysis, and 
taking into account theoretical values this source may deliver C, N, and 0 helium 
like ions. With Ne, the highest charge reached being + 6. 

5 - CONCLUSION. 

The gross features of this source make it a reliable source for atomic 
and electronic collision studies. It is to be noted than in previous experiments. 
Charged ions up to charge + 13 had been obtained, in Xe /5/, + 8 for Argon /6/. 

This source is now under adaptation to start an electron impact ioni
zation experim^ntwith nitrogen ions. The technique to be used is crossed beams. 
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