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ACCELERATOR SIMS, A TECHNIQUE FOR THE DETECTION OF STABLE TRACE
ELEMENTS IN ULTRAPURE MATERIALS

R.M. Ender, M. Suter (ETHZ); M. Dobeli, H.-A. Synal (PSI)

A new sputtering chamber with special precautions against sample contamination from the surroundings of
the sample has been added to the AMS beamline of the tandem accelerator. This allows the detection of
trace element concentrations in ultrapure materials below the ppb range in many cases.

AMS is routinely used to measure abundance ratios of
long-lived radioisotopes to their stable isotopes down
to the level of 10 '5. Due to this extremly high sensitivity
AMS is a very promising technique for the detection of
stable trace elements in ultrapure materials
(Accelerator SIMS). However, like in Secondary Ion
Mass Spectrometry (SIMS) a sputtering chamber with
special precautions to avoid any contamination of the
sample from the surrounding materials is required,
since (in contrast to AMS) this material can contain a
much higher amount of the trace element to be
detected than the sample itself. Such a setup has
been completed at the PSI/ETH tandem accelerator
facility. In the cases, where SIMS is limited by
molecular interferences (e.g. the measurement of 56Fe
in Si is impaired by the much more intense 28Si2
signal), Accelerator SIMS is expected to improve
detection limits.

Figure 1 shows the sections of the PSI/ETH AMS
facility relevant to Accelerator SIMS. The sputtering
chamber is built in UHV technology with a base
pressure of 5 1O'°mbar. All the surroundings of the
target are coated with a 20 urn thick layer of pure gold
to suppress contamination of any element but gold.
For the negative ion formation, a commercial Cs
sputter gun from ATOMIKA is used. It is equipped with
an ExB filter and a 1° electrostatic beam bend to
produce a clean Cs ion beam. A scanning unit is
included in the Cs gun control system. This makes
different applications such as bulk analysis, depth
profiling and imaging possible. Further details of the
sputtering chamber are described in [1,2].

The sputtered negative ions coming from the sample
are accelerated to 30 keV and are injected into the
existing Heavy-Ion-Spectrometer (m/Am = 350). A
Faraday cup with an integrated channel plate for
current amplification is placed at the exit of this
spectrometer, which allows a preliminary analysis of
the sample composition. However, detection limits for
trace element concentrations are typically in the region
of 103 - 105 because of molecular mass interferences.

Negative ions, which are injected into the tandem
accelerator, are stripped to positive charge states in
the stripping process at the high voltage terminal
(5 MV). Molecules with charge states > 2+ are not
stable and break up. Therefore, a purely atomic ion
beam can be obtained at the high energy side of the
accelerator. With a combination of E/q- and p/q-
filtering (electrostatic deflector and magnetic
spectrometer) single atomic ions of the trace element
can unambiguously be counted in a gas ionization
chamber. The matrix element intensity can be
measured in a Faraday cup. The particle intensity ratio
has to be corrected for the different negative ion
formation probabilities to obtain the trace element
concentration of the sample. This is achieved by
comparing the measurements with results from
standard samples with known impurity concentrations.
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Fig. 1: The AMS facility at PSI/ETH Zurich relevant to Accelerator SIMS


