
Lawrence Berkeley National Laboratory
Recent Work

Title
Optimization of an RF Driven H{sup -} Ion Source

Permalink
https://escholarship.org/uc/item/3b60f56q

Authors
Leung, K.N.
DiVergilio, W.F.
Hauck, C.A.
et al.

Publication Date
1991-04-01

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/3b60f56q
https://escholarship.org/uc/item/3b60f56q#author
https://escholarship.org
http://www.cdlib.org/


LBL-29961 

Lawrence Berkeley Laboratory 
UNIVERSITY OF CALIFORNIA 

Accelerator & Fusion 
Research Division 
Presented at the IEEE Particle Accelerator Conference, 
San Francisco, California, May 6-9, 1991, 
and to be published in the Proceedings 

Optimization of an RF Driven H- Ion Source 

K.N. Leung, W.F. DiVergilio, C.A. Hauck, W.B. Kunkel, 
and D.S. McDonald 

April 1991 

Prepared for the U.S. Department of Energy under Contract Number DE-AC03-76SF00098 

"t!f.1 
o ..... r 
'1 "1 0 

11 D 
..f:-~Z 

...... 
~ !l.t n 
roo:-to 
m m 1J 
X"!J'l-< 
ill 

(.11 
& 

r 
r 
to ..... r 

o-n 1 
:: o m 
!).1 "0 ..[) 
)·'< ..[) 
'< IJ' 

J; f(! 1-'-



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



, .. · 

'·• 

LBL-29961 

OPTIMIZATION OF AN RF DRIVEN H- ION SOURCE 

K. N. Leung, W. F. DiVergilio, C. A. Hauck, W. B. Kunkel and D. S. McDonald 

Lawrence Berkeley Laboratory 
University of California 

Berkeley, CA 94720 

Presented at the 
IEEE Particle Accelerator Conference 

San Francisco, CA 
May 6-9, 1991 

This work is supported by the Superconducting Super Collider Laboratory and the 
Director, Office of Energy Research, Office of Fusion Energy, Development and 
Technology Division, of the U.S. Department of Energy under Contract No. DE-AC03-
76SF00098. 
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Abstract 

A radio-frequency driven multicosp source has 
recently been developed to genezate volume-produced li ion 
beams with exttacted current density higbee than 200 rnA/cm2. 
We have improved the oulput power of the rf genezator and the 

Jnsulation coating of the antenna coiL We have also optimized 
the antenna position and geometry and the filtec magnetic field 
for high power pulsed operation. A total H" cmrent of 30 mA 
can be obtained with a 5.4-mm-diam extraction aperture and 
with an rf input power of 50 kW. 

I. INTRODUCTION 
Multicusp plasma generators have been o~ted 

successfully both as volume production or surface conversion 
H" sources.1 The H" ions generated by volume-production 
processes have lower beam emittance and therefore are useful 
for the generation of high-brightness beams. In order to 
achieve high current densities, volume H" sources require high 
discharge power. For this reason, the lifetime of the ordinary 
filament cathodes is short for steady-state or high repetition 
rate pulse operations. 

A new radio-frequency (rf) driven H" source2 has 
recently been developed at Lawrence Berkeley Laboratory 
(LBL) for use in a calibration beam system and possibly in the 
injector unit of the Superconducting Super Collider (SSC). 
Initial study showed that rf power as high as 25 kW could be 
coupled inductively to the plasma via a glass-coated copper
coil antenna It has also been demonstrated that the source is 
capable of generating 1-ms H· beam pulses with a repetition 
rate as high as 150Hz. 

Experiments have been conducted at LBL to improve 
the efficiency and reliability of the source, and the H" to 
electron ratio in the extracted beam by optimizing the filter 
magnetic field, the position and geometry of the antenna and 
the extraction aperture configuration. To date, it has been 
demonstrated that rf power higher than 50 leW could be coupled 
to the plasma via an improved porcelain-coated antenna. The 
extracted H- current achieved is higher than 30 rnA. 

II. EXPERIMENTAL SETUP 
Figure I is a schematic diagram of the ion source. 

The source chamber is a thin-walled copper cylinder (10 em 
diam by 10 em long) surrounded by 20 columns of samarium
cobalt magnets that form a longitudinal linecusp 

configuration. The magnets, in turn. are enclosed by an outec 
anodized aluminum cylinder', with the cooling water circulating 
around the source between the magnets and the inner housing. 
The back flange has four rows of magnets cooled by drilled 
watec passages in the copper. In order to enhance the li yield, 
a pair of watec-cooled permanent magnet filter rods is installed 
near the extraction region. 

1 

The open end of the source chamber is enclosed by a 
two-electrode extraction system. H" beams are normally 
extracted from the source through a 2-mm-diam aperture. a 
permanent-magnet mass analyzer is used with a Faraday cup to 
measure the electron and the H" currents in the accelerated 
beam. In order to reduce the electron contents in the beam, a 
stainless-steel cylindrical collar3 is installed at the exit aperture 
(Fig. 1). This collar is capable of reducing the electron current 
by a factor of 2 without any degradation in the H" oulput 
current 
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Fig. 1 Schematic diagram of the rf multicusp If" ion source. 

The rf antenna is fabricated from 4.7-mm-diam copper 
tubing and is coated with a thin layer of hard porcelain 
material. This new porcelain- coating performs better than the 
glass-coating which we used in the previous experiments. The 
thin coating is slightly flexible and is therefore resistant to 
cracking. It can maintain a clean plasma and can last for a long 
period of operation. 

A sine-wave oscillator drives a gated 400 W solid 
state amplifier at a nominal operating frequency of 1.8 MHz. 
The resulting rf pulses then drive a Class C tube amplifier 



with a maximum pulse output power of 50 kW. In order to 
couple the rf power efficiently into the source plasma, a 
matching network (which is a tunable resonant parallel LC 
circuit) is employed. In this experiment, a small hairpin 
tungsten filament is used as a starter for the rf induction 
discharge. 

Ill. EXPERIMENTAL RESULTS 
The multicusp source is equipped with a pair of 

neodymium-iron magnet ftlter rods which are placed 5 em 
apart. The maximum field at the center of the filter' plane is 
about .125 G. As we reduce the fllter separation to 4 an, the 
magnetic field is increased to about 190 G. With this new 
filtec arrangement, we are able to obtain higher H- output and 
lower electron current in the extracted beam. All the source 
optimization data reported in this paper are obtained with this 
fllter geometry. 
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Fig 2. W output as a function of rf power for three different 
antenna geometries. 

Figure 2 shows the H- output current as a function of 
rf input power for 1, 2 or 3 tum antenna coil. Within the range 
of rf power considered, the 2-turn antenna provides more H
current than the 3 or 1-tum antenna. The diameter of the 
antenna coil can also affect the H- yield. We have tested two 
different diameter antenna coils (5.3 em diam and 7 em diam), 
both having the same number of turns. Figure 3 is a plot of 
the extracted H- current versus rf input power. The 7-cm-diam 
coil improves the H- output by approximately 18%. 
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Fig. 3 H- output as a function of rf power for two different 
diameter antenna coils. 

The dependence of the H- output current on the axial 
position of the antenna has been investigated. Since the 
antenna is supported through two slidding seals on the back 
flange, the position of the antenna can be easily varied without 
opening the source chamber. Figure 4 shows the H- current as 
a function of rf power for three different axial positions. (The 
distance is measured from the back flange surface to the end of 
the antenna). It can be seen that the extractable H- current 
increases as the antenna approaches the filter. The optimum 
position occurs at about 8.35 em. Further increase in the 
distance from the back flange results in a reduction of the H
current 

The scaling of W current as a function of extraction 
area is of great interest in H- source development By using the 
optimized filter geometry and position, we have operated the 
source with a 5-mm-diam and a 5.4-mm-diam extraction 
aperture. Figure 5 shows the dependence of the extracted W 
current as a function of rf PQWer. With a 5-mm-diam aperture, 
the highest W current achieved is about 26 mA. By enlarging 
the aperture diameter to 5.4 mm, the W output current can 
exceed 30 rnA for an rf input power of 50 kW. The required 
source operating pressure is approximatelyl7 mTorr. 

The present result as well as the data from the 
previous investigation have demonstrated that the rf driven 
volume-production source can provide substantial H- current. 
Recent experimental measurement also shows that the beam 
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emittance is nearly the same for both the rf and filament de 
discharge for a given input power.4 For this reason, the rf 
induction driven source is extremely useful for the production 
of high brightn_ess H· beams. 
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Fig. 4 Fr output as a function of rf power for three different 
antenna positions. 
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