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ABSTRACT

Surface lonization with Transverse Extraction (SITEX) and Volume
ionization with Transverse Extraction (VITEX) ion sources are being
developed (o produce intense beams of light negative ions for neutral
particle beam applications. The salient feature of these ion sources is
their ability to form intense negative-ion beams. With the objective of
improving the performance of these sources, an experimental study of
their plasma properties has been conducted. The effects of various
electrodes in the plasma generator were investigated. Low electron and
ion temperatures (below 1 eV) and positive plasma potential up to -6 V
have been measured. The measured distributions of piasma density and
potential reveal the existence of muitichamber characteristics in the
source plasma. The significant discharge characteristics and the plasma
properties associated with the performance of SITEX and VITEX ion
sources are discussed. '
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INTRODUCTION

The two principal methods for producing H*/D" ions in ion sources'"
are surface conversion and volume generation. These negative-ion
production mechanisms have been studied extensively, and recent
reviews are available.'>'® In a surface conversion source {such as the
SITEX source), positive ions of the source plasma impinge on cesiated
metal surfaces, where they backscatter and are converted into negative
ion, or release negative ions from the converter surface. In a volume
generation source (such as the VITEX source), negative ions are generated
essentially by a dissociative attachment process ir which vibrationally
excited molecules collide with and attach to low-energy plasma electrons
and are converted into negative ions via spontaneous dissociaticn.
Normally the vibrationally excited molecules in an intense arc discharge
are produced from molecules excited by energetic electron collisions
and/or from molecular ions neutralized and excited by colliding with the
arc chamber walls. In a plasma generator having molecules such as CHa
and H3, the production of H™ ions could also be effected by the process of
polar dissociation.

EXPERIMENTAL ARRANGEMENT

Figure 1 shows the plasma generator, electrical connections, and
setup for the plasma property study. The plasma generator for the
SITEX and VITEX sources consists of a molybdenum-coated graphite arc
chamber, one or two tantalum filaments , one converter, and one
plasma grid.The applied uniform magnetic field (By) is parallel with the
arc column between the filaments and is variable up to 6000 G. The arc
collimation slots in this experimental setup are rectanguiar, with a 2.5- oy
20-mm cross section and 20-mm length. The working gas, hydrogen or
aeuterium, is admitted into both collimation siots adjacent to the two
filaments and also into the region behind the converter. Normally the
plasma is studied during a discharge with constant applied magnetic
field, continuous gas feed, and continuous filament heating. The
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Fig. 1. Arrangement used to study plasma properties of SITEX and
VITEX sources.

discharge is initiated by applying a puised nagative potential to the
filaments with the arc chamber at ground potential. An intense electron
beam is formed by the primary electrons emitted from the hot filaments
and accelerated through the collimation slots (which act as anodes). This
beam ionizes the hydrogen gas to create an intense plasma in the arc
column. The efficiency of electron ionization is improved by the
reflection of energetic electrons at both ends of the arc column. Such a
discharge is similar to the so-called Penning, PIG, and reflex discharges.
However, a negatively biased converter warks as a large ion collector and



can be used to control source plasma density. In addition, the secondary
electrons emitted from the converter surface .an enhance the discharge.
Thus the converter voitage can be used to control the plasma-density and
plasma potential.

The conditions for each arc discharge are usually set by adjusting the
arc voltage V,, which is variable up to 200 V; the arc current I3, which is
variable up to tens of amperes; and the gas feed Q, which is variable up
to 200 scem. With a gas conductance of 100 Us through the aperture of
the plasma grid, the gas pressure in the source plasma is variable up to 20
mTorr. In addition, the filament heating current of about 300 A can be
adjusted to control the arc current and hence the intensity of the arc
discharge. Based on this experimental study, we observed that the arcs
interact with each other and enhance the plasma density.

The plasma properties were measured using an electrical probe that
can be scanned both parallel to the magnetic field (left-right) and
perpendicular to the converter surface (in-out). The probe tip is 0.25 mm
long and 0.25 mm in diameter. In some experimental studies, the probe
tip is recessed into a ceramic tube housing with the objectives of
minimizing the probe’s disturbance of arc discharges and measuring local
plasma properties. To facilitate studies of the plasma properties near the
arc column, the probe was located by a scanner with a position
resolution of 0.05 mm.

EXPERIMENTAL RESULTS

Under normal operations, each arc can be raised above 10 A.
However, during this study the arcs were limited to 3 A to prevent the
probe tip from melting. Figure 2 reveals that both arcs produce plasmas
with similar density and uniformity. When both arcs are turned on
simultaneously, however, the plasma density triples and the plasma
nonuniformity increases. Depending upon the arc¢ conditions, the plasma
density and uniformity can be quite different from those shown in the
figure. In fact, a floating hot filament can degrade the arc discharge of
the other filament. A speculation to explain this obsarvation is that the
electron cloud of the floating hot filament partially shorts it to the
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Fig. 2. Effect of arcdischarge on plasma density and uniformity.

anode, making it unable to reflect the energetic electrons and
weakening the discharge. We also note that the arc intensity can be
maximized by optimizing the applied magnetic field and adjusting the
gas feed.

Figure 3 shows a sharp decrease of plasma density away from the arc
column toward the plasma grid. Here, z = 0 is the edge of the arc
column. With a negatively biased converter, the measured plasma
density decreases as the converter voltage increases. We also note that
the plasma potential near the arc column is proportionally decreased.
The measured electron temperature is below 1 eV, and the plasma
potential is several volts positive in the region near the plasma grid. A
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Fig. 3. Sharp variation of plasma density in the region near the arc
column.

typical distribution of probe floating potential is shown in Fig. 4. This
figure reveals that the floating potential near the arc column is always
lower than the converter potential. For this particular experiment, the
probe tip was not extended outside the ceramic tube. The ceramic tube
could be charged by energetic electrons which impinged on the ceramic
tube surfaces near the probe tip. These results suggest the existence of
multichamber characteristics in the source plasma, which are useful for

enhancing volume production of riegative ions, as emphasized by
Hiskes.'5
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Fig. 4. The plasma floating potential in the region near the arc
column.

DISCUSSION

Based on the potential distribution in the source plasma and on the
energies of the primary and the plasma electrons, it should be possibie to
reach a high negative-ion production rate. However, the positive plasma



potential up to +6 V with respect to the piasma grid has been measured
by both a hot and a cold electrical probe. Such a potential hill will make it
difficult for the volume negative ions to be extracted. In order to
increase the output of negativa ions, we tested ideas for increasing either
the transmission efficiency of volume negative ions toward the extraction
region or the volume production rate in that region. One idea is to
change the biasing potential of the plasma grid. We observed that the
plasma floating potential changing by less than 2 V when the plasma grid
potential is changed by 10 V. This reveals the shielding effect of the
plasma sheath adjacent to the plasma grid. We observed that the plasma
density was decreased slightly. However, we also observed that the
negative-ion output increases about 10% as the piasma grid is biased
negatively. Under such conditians, the volume negative ions should be
repelled from the plasma grid and positive ions attracted toward the
grid. Thus, the increase of negative-ion output may be due to the
increase of the volume production rate in the extraction region. This
observation suggests that the ions of the VITEX beams in these
experiments are dominated by those created in the extraction region.

Based on Hiskes’ hypothesis, the negative-ion production rate can be
increased if the concentration of vibrationalily excited molecules and low-
energy plasma electrons can be increased. For the case with the plasma
grid biased negatively, the molecular ions are attracted toward the
plasma grid and converted into excited neutrals. Moreover, the electric
field so established in the extraction region will increase the density of
low-energy electrons. Thus, the observed increase of negative-ion output
in that experimant reveals the important role of both the surface
excitation and neutralization and the dissociative attachment processes
in the VITEX source.

In an ion source, the current density of negative-ion beams will
increase with the increase of the production rate and the decrease of the
destruction rate. Usually the production rate is a positive function of the
density of the excited molecules and the density of low-energy electrons.
On the other hand, negative ions are destroyed by the processes of ion-
ion neutraiization collision and ien-atom associative detachment
collision. Hence, in order to increase negative-ion output, the source has



to be operated under conditions that will increase the molecular species
but decrease the atomic species. In the VITEX ion source, effective ways
to achieve such desired operating conditions are to increase anode gas
feed and decrease cathode gas feed, to increase the applied magnetic
field, to bias the plasma grid negatively with respect to the anode, and to
shorten the distance between the arc column and the plasma grid.
Negative hydrogen ion beams of output current greater than 20 mA and
with a current density above 120 mA/cm? have been successfully formed
by applying such methods..

Another effort to increase H™ output of the VITEX source involved
feeding heavy gases such as argon, helium, and CHa into the anode
region. We observed that the H™ output only increases about 10% for
argon and helium. However, with CHg, the H™ output is comparable to
that for a hydrogen gas feed. The highest H™ output was achieved when
the cathode gas feed was turned off. At this earlier experiment, the
source delivered 12 mA/cm? H™ beams from either CHs plasma or H»
plasma. The fact that CHg could be used as a working gas for H-
production suggests that the process of polar dissociation'® may
contribute to H™ production in the VITEX source.

In a SITEX ion source, the cesiated converter surface is subjected to
bombardment of positive ions of hydrogen and cesium. The negative
ions are created essentially by surface conversion processes. However, as
in a VITEX source, negative ions can also be created by volume generation
processes. Comparison of the production rate of negative ions at the
cesiated converter surface with that in the extraction region indicates
that the negative ions of SITEX beams should be dominated by those
originating from the converter surface. This statement is supported by
the following experimental results. The negative-ion output increases
with the converter bias potential. The maximum output can be
quadruple that of a floating converter. Moreover, the temperature of
SITEX ions is estimated from parallel emittance measurements to be
about 5 eV, instead of about 0.5 eV as for the VITEX beams. Our
experimental studies confirmed that SITEX sources are capable of
producing long-pulse intense deuterium negative-ion beams with beam
current density above 48 mA/cm? (Ref. 5).
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