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Abstract 

LBL-19712 

The effect of gas m1x1ng on volume H- product1on 1n a magnetically 

f1ltered multicusp source has been 1nvest1gated. By apply1ng the proper bias 

voltage on the plasma electrode, the addit1on of xenon or argon gases to a 

hydrogen discharge can enhance the H- y1eld. Th1s increase 1n H- output 

is closely related to the 1ncrease 1n plasma electron dens1ty 1n the f1lter 

and extract1on chamber reg1ons. 

* This work was supported by the A1r Force Office of Scientific Research and 
by the Director, Off1ce of Energy Research, Office of Fusion Energy, 
Development and Technology D1v1sion of the U.S. Department of Energy under 
contract No. DE-AC03-76SF00098. 

- 1 -



Introduction 

H- and 0- ions are required for generating efficient neutral beams 

with energies in excess of 150 kev. 1 Recently it has been demonstrated that 

volume-produced H- ions, extracted from a magnetically filtered multicusp 

source, can provide high quality H- beams with sufficient current density 
2 . 

(- 40 mA/cm ) to be useful for both neutral beam heating of fusion plasmas 

and accelerator applications. 2 In order to produce this high H- current 

density, it was necessary to operate the prototype source with a discharge 

current as high as 350 A. Several schemes to improve the efficiency of the 

filter equipped H- source have been investigated. By optimizing the 

extraction chamber length, a factor of 6 improvement in the H- output has 

been achieved. 3 Experimental results also indicate that the H- yield can 

be enhanced by proper selection of the chamber wall material. When the source 

is operated with a low pressure hydrogen discharge, aluminum and copper 
. - 4 

chambers generally produce the highest H ion current. In this paper, we 

demonstrate that the extractable H- current from the filtered multicusp 

source can be further improved by mixing hydrogen with other inert gases such 

as argon and xenon. In this case, the increase in H- yield is found to be 

closely related to an increase in plasma electron densities in the filter and 

extraction chamber regions. 

I. Experimental Setup 
~ 

A schematic diagram of the apparatus is shown in Fig. 1. The stainless 

steel source chamber (20 em diam by 24 em long) is surrounded externally by 10 

·columns of samarium-cobalt magnets which form a longitudinal line-cusp 

configuration for primary electron and plasma confinement. 5 These magnet 

columns are connected at the end flange by four extra rows of magnets. A 
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samarium-cobalt magnet filter6 divides the entire chamber into an arc 

discharge and an extraction region. This filter provides a limited region of 

transverse magnetic field which is strong enough to prevent the energetic 

primary electrons from entering the extraction zone. However, both positive 

and negative ions, together with cold electrons are able to penetrate the 

filter and they form a plasma in the extraction region. 

The open end of the source chamber is enclosed by a two-electrode 

acceleration system. Positive or negative ions were extracted from the source 

through a small 0.1 x 1.0 cm2 slot. In order to optimize the H- ion 

output, the first acceleration (or plasma) electrode was biased at a potential 

equal to, or more positive than the anode. 6 Both hydrogen and the inert 

gases could be introduced simultaneously into the source chamber. The source 

pressure was measured by an ionization gauge. A· steady-state plasma was 

produced by primary electrons emitted from two 0.05-cm-diam tungsten 

filaments. The entire chamber wall, together with the filter rods, served as 

the anode for the discharge. 

Plasma parameters were obtained by small planar Langmuir probes located at 

the center of the source and extraction chambers. A compact magnetic

deflection mass spectrometer, 7 located just outside the extractor was used 

for relative measurement of the extracted H- ions as well as for the 

analysis of the positive ion species. A de discharge of 80 V, 3 A was employed 

throughout the experiment to generate a plasma density of 1011 cm-3. 

II. Experimental Results 

(a) Source operation with hydrogen 

The characteristics of the filtered source when it is operated with a pure 
2 3 6 hydrogen discharge have been investigated in previous experiments. ' • In 
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order to maximize the H output current, it is essential to optimize both 

the source pressure and the bias potential of the plasma electrode with 

respect to the anode wall. The data shown in Fig. 2 or 3 illustrate that the 

best H- yield for hydrogen gas only occurs at a source pressure of 

approximately 8 x 10-4 Torr (gauge reading). At this optimum pressure, the 

spectrometer signal for the H- ions is the highest when the bias potential 

Vb on the plasma electrode is approximately 2.7 Vas shown in Fig. 4. With 

this small positive bias, there is a factor of nearly 3 drop in density from 

the source to the extraction chamber (Table I). However, the difference in 

potential between the biased plasma electrode and the potential of the plasma 

in the extraction chamber is reduced from 2.6 V (for Vb = 0) to about 1 V 

(for Vb = 2.7 V). Because of this reduction in potential gradient along 

with the presence of only cold plasma electrons (Te= 0.7 eV) in the filter 

and the extraction chamber, more H- ions are now available for extraction. 

At this point, a further increase in the H- ion output can be achieved 

either by increasing the discharge power or by injecting additional low energy 
2 8 electrons into the extraction chamber or filter region. • Both these 

schemes increase the density of cold plasma electrons and therefore the 

production rate of H- ions. The following sections demonstrate that such 

conditions can be obtained alternately by operating the source with a mixture 

of hydrogen and other inert gases. 

(b) Source operation with hydrogen and xenon 

The effect on the H- yield by adding xenon gas into the hydrogen 

discharge is illustrated in Fig. 2. The source was initially operated with 

only pure hydrogen. As xenon gas was introduced into the discharge, and with 

the bias potential Vb on the plasma electrode optimized, the H- output 
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first increased, reached a maximum, and then decreased as the pressure was 

increased. The data 1n Fig. 2 also show that the highest H- output occurs 

at a total pressure of 1.5 x 10-3 Torr when xenon is added to the optimum 

hydrogen base pressure of 8 x 10-4 Torr. At this point, the increase in 

H- yield is more than 75% for a constant discharge power of 80 v, 3 A. If 

the ionization gauge readings on the source pressure are corrected for 

hydrogen (correction factor= 2.4) and xenon (correction factor= 0.37), then 

the real increase in pressure due to the addition of xenon gas is just 13%. 

Figure 4 shows the spectrometer output signal for the H- ions as a 

function of the bias potential on the plasma electrode. With the source 

operating in pure hydrogen, the optimum bias voltage is approximately 2.7 V. 

When xenon is added to the hydrogen discharge, the optimum bias voltage is 

increased to about 5.5 V. A higher bias voltage is required because the 

potential of the plasma has increased and thus the difference in potential 

between the plasma electrode and the plasma in the extraction chamber is 

larger (3.5 V when Vb = 0). At the optimum bias voltage, Table I shows that 

the plasma density in the source and extraction chamber has increased by 100 

and 83% respectively when the total pressure is adjusted to 1.5 x 10-3 Torr. 

There is almost no change in the electron temperature, but the plasma 

potential becomes more positive in both chambers. 

When a positive ion beam is extracted from the source, the mass spectrum 
+ + + shows that the hydrogen ion species composition H : H2: H3 changes 

from 31:5:64 to 65:7:28 when xenon is added to the discharge. A large portion 

of the positive ion beam is now probably made up of xenon ions as they can 

cross the filter much easier than the hydrogen ions. These massive xenon ions 

bring cold electrons into the extraction chamber and they are effective in 
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enhancing the formation of H- ions. In fact, the data in Fig. 2 and Table I 

demonstrate that the percentage increase in H- yield is almost equal to the 

percentage increase in plasma electron density in the extraction chamber. If 

the added xenon gas pressure exceeds the optimum value, the discharge becomes 

too enriched with xenon ions and the H- output decreases (Fig. 2), 

+ apparently due to the reduction in the number of either the molecular H2 
and H; ions or vibrationally excited H2 molecules which are needed for 

- 9-11 . the production of H ions in addition to low energy electrons. 

(c) Source operation with hydrogen and argon 

Source operation with a mixture .of hydrogen and argon has also been 

1nvestgated and Figure 3 shows that the H- yield can also be improved by 

adding argon to the hydrogen discharge. As in the case of xenon, there exists 

an optimum total pressure for each hydrogen base pressure. For a constant 

discharge power of 80 V, 3 A~ the highest H- output occurs at a total 

pressure of about 1.4 x 10-3 Torr. In this case, the increase in H- yield 

is - 17% which is about the same percentage increase (- 18%) in the plasma 

electron density in the extraction chamber. However, the data presented in 

Table I show that the increase in plasma density in the source chamber is 

60%. The smaller increase in density in the extraction chamber is due to the 

fact that the argon ions do not leak through the filter as easily as the xenon 

ions. The optimum bias voltage for the plasma electrode occurs at about 4 V. 

This technique of H- enhancement should also be applicable to other 

inert gases such as He, Ne and Kr which do not generate impurity negative 

ions. However, the results of this study indicate that a larger improvement 

in the H- yield is obtained by using the more massive gases. In this 

respect, the addition of cesium vapor to the hydrogen discharge in a filtered 
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multicusp source could be expected to produce similar results. We were 

unable to test the possible effects of adding cesium to the hydrogen discharge 

because the source chamber was not designed to operate at the elevated 

temperature required to obtain the optimum cesium vapor pressure. But as the 

presence of cesium can cause voltage breakdown in the accelerator column, 

xenon gas becomes a better candidate for this application. 
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Figure Captions 

Fig. 1 A schematic diagram of the ion source. 

Fig. 2 The H- yield as a function of total hydrogen and xenon pressure for 

three different hydrogen base pressures (indicated by & I •>· 
The discharge is maintained at 80 V, 3 A. 

Fig. 3 The H- yield as a function of total hydrogen and argon pressure for 

three different hydrogen base pressures (indicated by & I •>· 
The discharge is maintained at 80 V, 3 A. 

Fig. 4 The H output as a function of the bias voltage on the plasma 

electrode when the source is operated with an optimized pure hydrogen 

pressure of 8 x 10-4 Torr and with an optimized total hydrogen and 

xenon pressure of 1.5 x 10-3 torr. 
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Table I. Plasma parameters obtained by Langmuir probes for a discharge power 

of 80 V, 3 A. 

gauge pressure vb (V) chanber 

-4 source 
8 x 10 Torr +2. 7 

extraction 

-3 1.4 x 10 Torr 
source 

+4 
extract ion 

-3 
1. 5 x 10 Torr 

source 
+5.5 

extraction 

........ -.;t 

-3 n (em ) 

2.5 X 1011 

9.3 X 1010 

4 X 1011 

1.1 X 1011 

5 X 10!1 

1. 7 X lOll 

T (eV) 
e 

2.1 

0.7 

2.0 

0. 75 

2.1 

0. 75 

·~ 

V (V) 
p 

5 

3.8 

6.2 

5.0 

7.3 

6.4 
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