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INTRODUCTION

Thin carbon foils are often used in tandem accelerators for terminal stripping, whereby
the injected negative ion beam is charge-exchanged to multiply-charged positive ions for the
second stage of acceleration. Alternative use of gas stripping yields a lower mean charge
state, and therefore reduced energies for beams of useful intensity. Less commonly, foils are
used as a second stripper, located within the acceleration stage beyond the terminal, to
achieve even higher charge states (and thus higher energies again, albeit with reduced
intensity), or as a third stripper after acceleration to obtain almost fully-stripped beams to
inject into a booster accelerator (usually comprised of super-conducting resonators).

Several essential, though mutually conflicting, factors that determine the thickness of
the foils can be readily identified. Aside from the practical aspects of handling, the foils must
be thick enough to achieve near-equilibrium charge exchange, and to have a reasonable
lifetime under beam bombardment. On the other hand, the foils need to be sufficiently thin so
that acceptable transmission is not thwarted by excessive multiple scattering in the foil.
Multiple scattering becomes important as the mass of the beam increases. With the ANU
14 UD accelerator for example, essentially 100% transmission with protons decreases to
about 80% for 12C ions and to about 65% for 35C1. Such transmission is only obtained for
chlorine with focussing after the foil, using an electrostatic triplet lens.

Until recently, foils with a thickness of about 5|igm.cm-2 (ie 250A or 25 nm) have
provided a suitable compromise between the various factors. The foils are prepared at ANU
by arc-deposition of carbon onto detergent-coated glass slides; the slides are dipped into
collodion to facilitate.handling before the foils are floated off and mounted on frames. The
collodion is removed by baking at about 400°C prior to the foils being loaded into the stripper
assembly. A capacity of 266 foils has hitherto been adequate, sustaining performance of the
14 UD for about six months, with beam species extending to masses of about 60.

However, attempts to accelerate heavier beams, in particular 197Au for a new Elastic
Recoil Detection Analysis program, provoked concern about the lifetimes of foils. The use of
double stripping to obtain 200 MeV 197Au, with a combination of 10+ and 20+, was quickly
found to be impractical, since the typical lifetime of a terminal foil was only about 10 minutes
with an injected beam of several hundred nanoamperes. It is to be anticipated that the terminal
foil would be most prone to the effects of bombardment because the beam is well focussed at
the terminal, but less so at the second stripper because of multiple scattering by the terminal
foil. Moreover, the triplet in the terminal provides some degree of charge state selection to
reduce still further the beam intensity per unit area at the second foil.

Somewhat serendipitously, a batch of foils, prepared at Munich by the alternative
method of laser-ablation [1], was available for evaluation. The present work describes a series
of investigations which compared the arc-deposited foils with those from Munich. It was
found that the average useful lifetimes of the Munich foils were at least ten times longer than
arc-deposited foils. Furthermore, they maintained a constant beam output during the time in
marked contrast to the arc-deposited foils, for which the output decreased quite rapidly.

The longevity, and no less importantly, the constant beam output of the laser-ablated
foils have emerged as critical to the continuance of the ERDA program. More significantly
though, such qualities have provoked re-examination of likely energies for heavy beams that
could be obtained with the Linac booster if foil stripping were used in the 14UD terminal,
rather than gas that had previously been considered the only viable option. A program is in
progress to explore the means to produce laser-ablated foils, or their equivalent, locally.



MEASUREMENTS WITH THE 14 UD ACCELERATOR

The first comparison of the two foil types was a perfect "blind" experiment. Deterred by
the short lifetimes, double foil stripping was abandoned; gas at the terminal was tried instead
with a charge state combination of 7+ and 20+. Though successful, the resulting beam
intensities were too low for efficient measurements. Finally, single foil stripping was tested as
a means of reducing the amount of beam that needed to be injected, with the expectation of
extending the foil lifetime. The energy obtainable was reduced to 154 MeV using the 13+
state (the energy limit is set by the mass-product of the analyzing magnet). Again, foil lifetime
looked to be a problem. With about 100 na being injected, each of the first few foils lasted for
no more than an hour. However, the next foil in sequence was still in use when the
measurements were completed nine hours later! Belatedly, because the measurements had
commanded full attention, both the stamina of this foil and then its origin were appreciated It
was in fact the first of the laser-ablated foils, that had been included in the foil inventory at
intervals.

A more controlled series of measurements demonstrated no less strikingly differences
between the two foil types. With an injected beam of 75 na (as read on a Faraday cup at the
accelerator tube entrance - the so-called tank cup), the total stripped output (on the high
energy cup before magnetic analysis) was monitored as a function of time for two arc-
deposited foils and one laser-ablated foil. The output from both of the arc-deposited foils
began to decrease after several minutes, continuing to do so monotonically to less than 25%
of the initial output after 30 minutes (Figure 1). Fluctuations in the output became apparent
for both as the bombardment continued, though one finally ruptured after 35 minutes of
bombardment (with no foil, the high energy cup read -8 na; the same indication obtained for
the ruptured1 foil). The other foil continued to yield a steadily diminishing output, though
with increasing fluctuations, for an hour. By comparison, the laser-ablated foil maintained a
constant output after a total bombardment of 38 minutes, until the test was stopped to
conserve the foil. For the first 17 minutes of that time, injected beams of 100-300 na had been
used during the beam set-up.
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Figure 1. The total stripped output from the two foil types as a function of
time.



Interestingly, the Munich foil also provided the greatest output, suggesting that it was
thinner than the other two foils. The nominal thickness of the laser-ablated foils is 4jigm.cm-
2. Measurements, comparing the terminal voltages at which carbon beams were analyzed with
either gas or foil stripping, confirmed that the actual thicknesses were very close to the
nominal value. Most of the ANU foils of the batch in use had thicknesses in the range 5-7
|igm.cm-2, somewhat thicker than the preferred 3-5 ji.gm.cm-2.

Subsequent use of both foil types for ERDA measurements at 154 MeV provided still
further confirmation of the longevity of the laser-ablated foils. Of eight arc-deposited foils,
the longest lifetime was 80 minutes. Five laser-ablated foils were used for between 130
minutes and 17 hours.

MEASUREMENTS WITH THE 1.7 MVIMPLANTER

The 1.7 MV implanter of the Department of Electronic Materials Engineering at the
ANU can provide beams of 197Au with an energy comparable to that at the terminal of the 14
UD when a 154 MeV beam is produced at a terminal voltage of 11.0 MV. Thus it is possible
to observe foils directly under conditions essentially identical to those that prevail in the 14
UD terminal. Accordingly, a beam of 6.8 MeV 197Au (charge state 3+) was used to bombard
foils of both types, recording the subsequent behaviour of the foil itself with a video camera,
and monitoring the total stripped current. Usually, the beam intensity was about 50 na,
collimated onto a central 5 mm diameter region of the foil.

The two foil types behaved similarly, albeit that the time scales were vastly different,
confirming the earlier observations. For both, a change of surface appearance (best described
as a roughening) occurred immediately beam bombardment commenced. Radial stressing
gradually became apparent, consistent with shrinkage of the bombarded area, that became
smooth and more reflective. Thereafter, most foils tore at one or more places around the
periphery of the hole in the frame, either allowing wedge-shaped fragments to curl, sometimes
into the beam path, or to break free of the foil completely. Others tore internally, away from
the actual, bombarded area. Unsurprisingly, the output current fluctuated considerably when
these conditions prevailed. Whereas the arc-deposited foils displayed the full gamut of these
phenomena within 10-30 minutes, a laser-ablated foil took several hours to do so, although
the overall pattern of behaviour seemed no different.

Figure 2. An arc-deposited foil displaying the typical radial stressing that was observed
during tests with the implanter. The foil shown was actually one removed from
the 14 UD terminal after a short exposure to about 50 na of 197Au. The sharp
focus of the beam is evident (the foil diameter is 9.5 mm).

l#



OPTICAL AND ELECTRON SPECTROSCOPY

Both methods indicated that the arc-deposited foils were relatively smooth and
amorphous, even at high magnification. The laser-ablated foils appeared to be much more
crystalline, with some features as large as 5jim x 5jim. The Munich group interpreted this
appearance as "quasi-graphitic crystallites, nearly isotropically distributed".

STATUS REPORT

There is some evidence to suggest that the Munich foils mimic the surface structure of
the release agents (Betaine, NaCl and/or copper) rather than the crystalline appearance being
the result of the method of deposition. Thus the foils could be postulated to have a "micro-
bagginess" which ameliorates the rate at which the foils become stressed under bombardment.

On-going work includes establishment of laser-ablation facilities, and investigation of
the role, if any, played by the release agents used.
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