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The lifetime of Carbon stripper foil can have a marked impact on the successful running of a beam line. Standard
techniques for production of carbon stripper foils include evaporation of carbon (ec) and laser-pulsed ablation (Ipa).
Recent work by a using Ipa has been successful in substantially increasing the lifetime of a very thin (100A) foil.
The suspected mechanism for the increased lifetime of the foil is that the amorphous carbon foil is density-matched to
that of graphite (around 2.26g/cc). hi this work, we attempt to reproduce this result by producing carbon stripper
foils with a mass-density similar to graphite using a cathodic arc deposition system. The cathodic arc is well known
for the production of tetrahedral amorphous carbon: a high density, high stress form of carbon with over 90% spMike
bonds; to reduce the density of the carbon and promote more graphitic structure, a high bias was initially attempted
but this proved unsuccessful. Another method is to use a heated-substrate holder to reduce compressive stress within
the deposited film. The performance of the density-matched carbon stripper foils and the implications for future
production of high-quality carbon stripper foils in our laboratory will be discussed.

INTRODUCTION

Carbon foils are a vital component of many
accelerators and are used to remove or strip
electrons from the ion species being
accelerated. These foils are typically very
thin (~200nm). There are several facilites in
Australia which use carbon stripper foils
including the National Medical Cyclotron in
Sydney and the Nuclear Physics Department
in RSPhySE at ANU.

Because of the different requirements of each
facility, carbon stripper foils are often
produced in-house to meet the necessary
specifications. There are several techniques
used for regular production of stripper foils
including evaporation-condensation (ec) of
carbon by either resistive heating or e-beam;
laser-plasma ablation or glow discharge in
ethene gas.

The quality of a stripper foil is measured by
its lifetime under irradiation, and its beam
performance (angular spread). Under a model
proposed by Dollinger and Maier-Komor [1]

the stripper foils with the longest lifetimes
are thin, maximising ion transmission and
also contain isotropically oriented graphitic
crystallites.

Dollinger [2] showed that one way of
producing a foil with these characteristics
was to use laser-plasma ablation (Ipa) of
solid graphite targets. Another possible way
of producing a foil with similar attributes to
a Ipa foil is to use the cathodic arc deposition
system. The cathodic arc deposition system
is able to produce highly densified
amorphous carbon films, commonly called
ta-C or tetrahedral amorphous carbon [2].
By altering deposition parameters, such as
bias or temperature we will investigate the
effect this has on the microstructure of the
carbon foil.

EXPERIMENTAL
A schematic of a conventional cathodic arc is
shown in Figure 1. The filtered cathodic arc
is a technique for coating which is low-
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waste, and has good deposition rates. The
'arc' refers to the method of deposition
which is to apply a small negative bias to
target relative to the chamber (ground). The
target is touched with a striker to establish
an arc with the current supplied by a
commercial arc welder supply. The current
of around 80-100A traverses the surface of
the cathode ejecting the material with
considerable kinetic energy. The curved
chamber surrounded by magnetic field coils
acts as a 'macro-particle filter' and removes
micron sized particles that may be dislodged
by the arc.

Deposition temperature was modfied
through a resistive heating holder and
monitored through the use of thermocouples.
Films were deposited onto both silicon and
glass for temperatures up to 300°C.

RESULTS
In a conventional transmission electron
microscope, energetic electrons (200-
300keV) are used to form magnified images
of thin crystalline or amorphous specimens.
As electrons pass through a specimen they
undergo several quasi-elastic and inelastic
interactions. We can use these electrons to
gain information about the specimen using a
technique called electron energy loss
spectroscopy (EELS). In EELS, the electrons
are passed post-specimen through a 90°
magnetic prism (which disperses the
electrons in energy similar to light through a
prism) and thence through magnetic
quadrupole lenses to fall upon a parallel
YAG detector.

A useful low-energy (0-100eV) interaction
the volume plasmon interaction (a 'phonon'
for electrons) is can be monitored using
EELS. It is caused by a group excitation of

electrons in the solid. Using a 'quasi-free'
electron model [4] the plasmon frequency
(and hence energy) is related to Nv the
valence electron density:
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where qc is the charge on an electron, 80 is
the permittivity of free space, a>p the
plasmon frequency and m is the effective
electron mass (in this case equivalent to the
rest mass of an electron). In a carbon
material, we can assume (to a first
approximation) that the number of valence
electrons per atom is four. The plasmon
frequency is then directly related to the
density of the material. The comparison of
plasmon energies for different carbon
materials and stripper foils is shown below.

ta-C
Glassy Carbon
/pa-foil
ec-foil
graphite

Plasmon
(eV)

28.2
21.5
26.2
23.1
25.2

Density
(g/cc)

2.90
1.68
2.49
1.93
2.26

Table 1. Comparison of plasmon energies and
densities of different types of carbon to stripper foils

As can be seen from Table 1 above, the
plasmon energy was indicative of the density
of the carbon material. The plasmon energy
of the Ipa foil was closest to that of graphite,
while the ta-C was considerably higher.
Glassy carbon is a low density graphitic
carbon but it has poor registration between
basal planes which accounts for its lower
density, and hence plasmon energy.
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Our initial results using biased deposition
were promising, but as shown below in
Table 2, even at high bias, the plasmon did
not fall below 26.8eV. Although this was
very close to the Ipa plasmon energy, the
residual compressive stress in the film
destroyed its structural integrity, making it
unusable as a stripper foil.

Bias Plasmon
(eV)

Density
(g/cc)

-1250
-300

0

26.8
28.3
28.2

2.60
2.9
2.90

Table I. Comparison of plasmon energies and
densities for cathodic arc foils for different bias.

Our initial tests using a heated substrate
holder have been moderately successful. We
have sucessfully deposited amorphous
carbon at temperatures up to 300°C, but we
have experienced problem with delamination
of the film.

CONCLUSION
Initial work has shown we can distinguish
between different stripper foils by measuring
the volume-plasmon energy. Our work using
a heated substrate holder to deposit graphite
foils is still in progress.
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