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ABSTRACT 

We have developed an ion source which can produce high current beams of 

meta 1 ions. The source uses a meta 1 vapor vacuum arc di scharge as the plasma 

medium from which the ions are extracted, so we have called this source the 

MEVVA ion source. The metal plasma is created simply and efficiently and no 

carrier gas is required. Beams have been produced from metallic elements 

spanning the periodic table from lithium through uranium, at extraction 

voltages from 10 to 60 kV and with beam currents as high as 1.1 Amperes 

(electrical current in all charge states). 

In this paper a brief description of the source is given and its possible 

application as an ion source for heavy ion fusion is considered. Beams such 

as C+ (~99% of the beam in this species and charge state), Cr2+ (80%), and 

Ta3+,4+,5+ (mi xed charge states) have been produced. Beam emittance 

measurements and ways of increasing the source brightness are discussed. 
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INTRODUCTION 

Heavy ion drivers for the development of inertially confined fusion call 

for an ion source which can produce high current, high quality, short pulse 

beams of heavy ions. The required source parameters are severe, and there has 

not yet evolved an ion source which meets all of the requirements at the same 

time. 

Recently we have developed at LBL a new kind of ion source for the 

injection of high current beams of metal ions into the Bevalac (linac and 

synchrotron) particle accelerator facility for heavy ion nuclear physics 

research - the MEVVA ion source. In this paper we describe the MEVVA source 

and how it works, and summarize the source and beam performance 

characteristics that we've measured in the process of developing the source 

for Bevalac application. Then we report on some work we've done recently with 

heavy ion fusion application specificlly in mind. The results are very 

encouraging, and further development of this kind of ion source for the HIF 

program could be advantageous. 

PRINCIPLE AND DESCRIPTION OF THE MEVVA SOURCE 

In the MEVVA ion source,1-3 the plasma from which the ions are to be 

extracted is created directly from the solid by means of a metal vapor arc 

discharge between two metallic electrodes in vacuum. A characteristic of the 

metal vapor vacuum arc is the formation of 'cathode spots' on the surface of 

the cathode. These are minute regions of intense current concentration (many 

megamps/cm2 over a spot of diameter of order microns), and it is at these 

spots that the metal plasma is generated from the solid surface4 - 8 . In 

general many cathode spots will participate in the arc, and the assemblage of 

spots constitutes a prolific source of metal plasma produced from the cathode 

mater-ial. This quasi-neutral plasma plumes away from the cathode toward the 

anode and persists for the duration of the arc current drive. The anode of 

the discharge is located on axis with respect to the cylindrical cathode and 

has a central hole in it through which a part of the plasma plume streams; it 

is this component of the plasma that forms the medium from which the ions are 

extracted. The plasma plume drifts through the post-anode region to the set 

of grids that compri se the extractor a three-gri d, acce l-dece 1, 
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multi-aperture design. A small magnetic field, produced by a simple coil 

surrounding the arc region and of magnitude up to about 100 gauss, serves to 

help duct the plasma plume in the forward direction, but this is not an 

essential ingredient to the source. 

A schematic of the embodiment of the concept with which we've done most of 

our work is shown in Figure 1, and the partially disassembled source in Figure 

2. This is the device called MEVVA II. The various components and features 

refered to above can be seen. The extractor diameter is 2 cm, and so also is 

the initial beam diameter. 

We've also made other versions of MEVVA ion source. One of these is the 

MicroMEVVA; this is a miniature source about 6 cm long and 1.5 cm 

diameter which can produce pulsed low emittance metal ion beams up to the 

10 rna leve1 9. MEVVA IV is another version which is presently in fabrication 

and which has an array of 16' cathodes disposed in a Gatling gun -like 

arrangement so that one can switch between cathodes rapidly and while under 

vacuum. 

The work described here has been done using the MEVVA II ion source. 

SOURCE PERFORMANCE AND BEAM PARAMETERS 

For application in the nuclear physics program at LBL, for which use the 

MEVVA source was developed, the main interest is in producing intense uranium 

beams in the SuperHILAC and the Bevalac particle acceleratorslO,ll. The 

Bevalac a heavy ion synchrotron calls for pulses about 1 millisecond 

long at a repetition rate of about 1 pulse per second. Thus most of our 

development work has been done under conditions similar to these. 

We've run with a wide range of cathode materials and have produced high 

current beams of L i, C, Mg, Al, Si, Ti, Cr, Fe, Co, Ni, Cu, Nb, Mo, Sn, La, 

Gd, Ho, Ta, W, Au, Pb, and U. The cathode may also be made from a conducting 

compound, and in thi s case the beam conta i ns a mi xture of the component 

species; we've made beams from FeS, PbS, LaB6, CdSe, SmCo, SiC, and WC. It 

is noteworthy that in this way beams can be made which contain non-metallic 
species eg, B from LaB6 and S from FeS and PbS; the requirement seems to 
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be just that the cathode material be a conductor. So far the source has 

worked with every cathode material welve tried. 

The beam current has been measured using several different diagnostics, 

including Faraday cups with magnetic suppression of secondary electrons, beam 

current transformers, and beam power calorimeters. The record high beam 

current that welve measured to-date is 1.1 Amperes (electrical current in all 

charge states). Beams of a few hundred milliamperes can be produced routinely 

while operating the source at only moderate power levels. These beam currents 

can be obtained from all cathode materials/beam species. Operationally, the 

arc current (charging voltage of theLC pulse line which drives the arc) is 

varied so as to maximize the beam current measured into the acceptance of the 

Faraday cup, which occurs when the plasma density is best matched to the 

extractor parameters 12 ,13. 

The beam emittance has been estimated in a number of ways. One can obtain 

a reasonable estimate simply from the beam divergence and the geometry of the 

source and beam-monitori ng Faraday cup and other source and beam pa rameters. 

We have also obtained some emittance diagrams using a Ipepper-potl 

diagnostic'4. Emittance measurements obtained in this way confirm the 

simpler, geometry-obtained estima,!es. We find that typically half the beam 

current resides within a normalized emittance of from 0.2 to 0.5 11' mm. 

mrad. An emittance plot obtained using the pepper pot diagnostic is shown in 

Figure 3. We remark parenthetically that the MicroMEVVA source shows an 

emittance of about 0.111' mm. mrad. (normalized), as an upper limit9 . 

The composition of the ion beam is of paramount importance both purity 

and charge state distribution. The diagnostic welve used for these 

measurements is a time-of-flight device a submicrosecond sample of the 

beam pulse is drifted down a field-free region where it separates into its 

different charge-to-mass components; it is a Q/A diagnostic. 

The beam spectra obtained in this way have been confirmed for a few 

special cases by a more conventional magnetic analysis. A typical spectrum, 

of some interest, uranium, shown in Figure 4. The charge state d-istribution 

is peaked at U5+ and small amounts of u2+ and U7+ can be seen. The 

charge state distribution can be varied to a small extent via the arc current, 
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but this effect is small. (As the arc current is increased more cathode spots 

form to participate in the arc, but the plasma physics of each spot is not 

greatly changed). The spectrum is fairly clean, showing no contamination from 

the stainless steel trigger, the alumina trigger/cathode insulator, or other 

components of the source, presumably reflecting the fact that the origin of 

the plasma is indeed the cathode spots, which form only on the cathode. A 

small amount of H+ can be seen; this is a common metallic contaminant and 

can be removed by vacuum baking the cathode. We have obtained charge state 

distribution data such as shown in Figure 4 for all of the cathode materials 

we1ve tried, listed above. In general the lower Z materials show lower charge 

states and the higher Z materials show higher charge states. 

RECENT HIF-RELATED RESULTS 

We have looked at a number of aspects of the MEVVA source operation that 

are of particular pertinence to its use within the Heavy Ion Fusion program. 

These include short pulse operation, high current/low emittance operation, and 

charge state distribution. 

For short pulse operation the LC pulse line that normally drives the arc 

current was replaced by a simple RC discharge with R ~. 0.8 Ohms and C :- 12 

lJF, producing an arc current pulse with a width of around 15 microseconds, 

as shown in the lower trace of Figure 5. A large Faraday cup with a strong 

transverse magnetic field for secondary electron suppression was located close 

to the ion source extractor for beam current measurements, and a pul se so 

measured is shown in the upper trace of Figure 5. The peak beam current in 

thi s case is 650 rna. Here the arc current was 450 Amps and the extractor 

voltage 35 kV; the cathode material was gadolinium (Z = 64, A = 155 to 160). 

The risetime of the beam pulse is 2 - 3 microseconds, and one might speculate 

that a more rectangular arc current pulse, eg from a short LC pulse line, 

might work fine down to a beam pulse width of perhaps 5 microseconds. However 

there is a problem in providing adequate space charge neutralization for 

good beam transport (absence of space charge blowup) for short times. This 

problem is manifest in Figure 6. Here the beam current measured by a Faraday 

cup located 50 cm distant from the extractor is shown for several background 

gas pressures from 5 x 10-6 Torr up to 1 x 10-4 Torr. At the lowest 

pressure the beam blowup is so severe that most of the beam is lost during the 
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pulse length of the beam; at the highest pressure there appears to be adequate 

neutralization occurring in the arc pulse risetime to a"llow good transport. 

Some fraction of the neutralizing electrons are provided by the final, 

grounded extractor grid. From these data it would seem probable that in order 

to provide high current beam pulses that can propagate with submicrosecond 

risetimes it will be necessary to provide some form of enhanced beam 

neutra 1 i zat ion. 

An upper limit to the emittance of the beam for this case can be obtained 

from the geometry. The 2.5 cm radius Faraday cup was located 50 cm from the 

source extractor, giving a beam half-angle divergence of approximately 50 mrad 

if we neglect the extractor width. For a gadolinium beam with Q = 2 and A ~ 

158, and an extraction voltage of 20 kV, the normalized emittance within which 

the measured beam current res ides is 0.3711' mm. mrad. An osc ill ogram of the 

beam current pulse measured by the Faraday cup is shown in Figure 7 200 

rnA of beam into 0.3711' mm. mrad (normalized), and a significant part of the 

beam has' been lost due to space charge blowup. Note also the quality of the 

beam current fluctuation level (beam noise) which is evident from this 

oscillogram it1s a quiet beam. 

It is advantageous for the charge state distribution to contain only a 

single charge state. The distribution that is actually obtained in a given 

case depends on the particular cathode material and on the arc current. Since 

for optimum beam divergence the plasma density must be matched to the 

extractor geometry and voltage, the arc current that one needs to run with in 

turn depends on the extractor voltage. Thus the charge state distribution 

that is obtained is difficult to predict, and every case needs to be actually 

measured. Figure 8 shows the time-of-flight charge state distribution 

obtained for the case of the gadolinium beam used in the present work. Here 

we have the serendipitous result that in excess of about 80% of the beam 
current is in a single charge state, Gd2~. One might thus perhaps be able to 

operate the source in this case without the complication of a magnetic charge 

state analysis. 

Several other charge state distributions are shown in Figures 9 through 

12. The distributions that are shown should be taken only as indicative of 

what can be obtained. One might envisage an embodiment of MEVVA source 

designed and fabricated to optimise performance for the short pulse, high 
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current requirements of HIF application; in this case the precise charge slate 

distributions obtained might differ a little from those shown here. 

DISCUSSION 

The results described here are characteristic of the kind of MEVVA ion 

beam that one might obtain in a more extensive R&D program specifically geared 

to HIF. A beam current of over 500 rna can be obtained, the normalized 

emittance can be in the range 0.3 - 0.411' mm. mrad. or better, and charge 

state distributions can be produced containing a high fraction of the beam in 

a single charge state, singly ionized for light metal species and multiply 

ionized for heavy metal species. The production of transportable short pulse 

(of order a few microseconds) beams is intimately connected to the concern of 

full and rapid beam space charge neutralization, and this area needs work; 

nevertheless, beams of about 10 psec width can be produced already. 

It is interesting to note that for the case· of the gadolinium beam 

produced here, the linear charge density at 2 MV is 0.06 - 0.24 pClm, where 

the lower limit corresponds to the low emittance beam actually measured (200 

rna at 20 kV extraction) and the upper limit corresponds to what would be 

obtained for the case of better space charge neutralization and less beam loss 

(ie, the measured 650 rna at 35 kV extraction). 

Related work is being carried out elsewhere. Humphries and 

coworkers15- 18 at the University· of New Mexico have developed a very nice 

method for extracting well focused beams from a metal vapor vacuum arc source, 

using a grid to gate the electron flow to the extractor gap. In this manner 

they have produced extremely quiescent high current metal ion beams. A hybrid 

devi ce, i ncorporat i ng thi s feature into the MEVVA geometry desc ri bed here, 

could have characteristics important to HIF application. Keller19 ,20, at 

GSI, Germany, has modified the extraction geometry of a MEVVA II source to 

incorporate a post-acce lerat i on sect ion immed iate ly after a s i ngl e-aperture 

extractor, and has in this way produced a 160 kV uranium beam of very high 

brightness. The 14 rnA beam was of initial diameter 8 mm, normalized emittance 
0.02911' mm. mrad., and brightness 16.5 Amps/(mm.mrad)2, (where brightness 

is defined as the current divided by the square of the normalized emittance). 

The compound extractor system allows generation of high current beams from the 
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MEVVA ion source at extraction voltages over 150 kV with very high brightness 

values. 

In conclusion, the MEVVA ion source provides a means of creating high 

current, low emittance, pulsed heavy ion beams that can be of use to the HIF 

program. Further development of this new kind of source, specificially 

oriented to HIF application, is called for. 
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Schematic of the MEVVA ion source. 
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Fi g. 2 

The partially assembled MEVVA II ion source . 
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Emittance diagram measured using the 'pepper pot' diagnostic. Chromium 
2+ beam (mostly Cr ), Vext = 60 kV, I beam = 200 rna. & = 0.331f mm. mrad. 

(normal i zed) . 
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Charge state distribution for uranium . 
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Fi g. 5 XBB 865-3941A 

Beam current measured at the nearby Faraday cup at z 

extractor. 

Upper trace: Faraday cup, 200 ma/cm 

Lower trace: Arc current, 200 A/em 

Sweep speed: 5 ~sec/cm 
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Fig. 6 

XBB 865-3939A 

Beam current measured at the distant Faraday cup (z 

background gas pressures. 

Upper trace : Faraday cup, 40 ma/cm; 

50 cm) for various 

P = 0. 5, 1, 2, 5, 10 x 10-5 Torr (right to left) 

Lower trace: Arc current, 100 A/cm 

Sweep speed: 2 ~sec/cm 
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Fi g. 7 XBB 865-3940A 

Beam current measured at z = 50 em. 

Beam: Gadolinium (mostly Gd 2
+), V t = 20 kV. The emittance within ex 

which the measured beam lies is approx. 0.37~ mm. mrad. (normalized). 

Upper trace: Faraday cup, 100 ma/cm 

Lower trace: Arc current, 200 A/cm 

Sweep speed: 5 ~sec/cm 
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Fig. 8 
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Charge state distribution for gadolinium 
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Charge state distribution for tantalum. 
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Fi g. 10 
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Charge state distribution for chromium. 
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Charge state distribution for carbon. 
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Charge state distribution for lithium . 
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