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Introduction
The AUSTRALIS (AMS for Ultra Sensitive TRAce eLement and Isotopic Studies) system
recently commissioned at CSIRO is a microbeam AMS system dedicated to geochemical and
geochronological applications [1-4]. Unlike conventional AMS systems, where detection of
rare isotopes is the main objective, AUSTRALIS is designed to perform in-situ microanalysis
of stable and radiogenic isotopes with high precision and freedom from mass interference.
The required high precision of better than 1 permil for geochronology is comparable to the
best results obtained by AMS for the 13C/12C ratio[5,6]. This has been achieved thus far only
in bulk radiocarbon measurements using the recombinator method or fast bouncing at the
injector combined with a multi-Faraday cup detection.

The AUSTRALIS microbeam source incorporates a facility for viewing the sample at high
magnification, essential for geological applications. The conventional bouncing method is
used at the low energy side for sequential isotope switching. In order to achieve the high
precision the effect of source and beam transport instabilities must be minimised. A novel
bouncing method has been developed for the high energy side, allowing complete E/q and
m/q analysis for all isotopes of interest, that can be driven at a high rate[7].

First results [8,9] indicated the need to drive the bouncer faster than 150 ms/isotope, which
was the limit of software based driver, in order to achieve better than 0.5% precision in
isotopic measurements. The breakdown of the accelerator around mid 1998, interrupted the
development of a faster, hardware based driver. This resumed after the refurbishment of the
accelerator was completed in early 1999. The present paper describes the result of tests of the
new driver system.

Isotope Ratio Measurements
The mass spectrum of the secondary ions is
first measured in either a Faraday cup or an
ion counter at the image point of the low
energy magnet. The mass range is
unrestricted when measured by scanning
the magnetic field, but for the actual
measurement, a finite mass region of
interest is measured by fixing the magnetic
field and scanning the bouncing voltage.
With all slits open and the magnet image
slits set at 300u.m, a mass resolution of
-850 is obtained routinely for beam spot
size between 30 to 100p.m. Allowing a total
magnification of ~2 for
the extraction and beam transport system,
and dispersion of 60cm for the magnet, the
observed mass resolution indicates the
presence of significant aberration effects.
This resolution however already results in
suppression of neighbouring isotopes by
~10"15, which is more than adequate for
most isotopic ratio measurements in the
absence of isobaric interference.

The magnet image slits setting can be widened to allow 'flat top' transmission to reduce the
effect of energy drift in the beam. Figure 1 shows a mass spectrum obtained from galena,
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Figure 1. Mass spectrum in the region of the
PbS- ions measured in the ion counter at the
low energy spectrometer, by scanning the
low energy bouncer. Note that the mass scale
descends with higher bouncer channel.
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obtained at 500um slit width, using the
bouncing mode showing the PbS-
peaks corresponding to the 204, 206,
207 and 208 isotopes at mass resolution
of 850. This spectrum illustrates the
problem of molecular interferences in
secondary ion mass spectrometry: the
208Pb32S peak overlaps with 206Pb34S,
207Pb33S and 207Pb32SH peaks, requiring
extremely high (hence not practically
achievable) mass resolution. Any
corrections, even if known or
measurable, will degrade the precision
required for isotopic ratios
measurements.

All measurements to date have been
conducted at 1.5 MV terminal voltage,
which is more than sufficient to break
up the molecular ions into their atomic
constituents after acceleration and
charge exchange collisions in the
tandem accelerator terminal. Fragments
of the different isotopes are resolved
with mass resolution of 2600 at the
high energy analysing magnet. This
1.3m radius, 90° bend magnet, operated
in the double focusing and unity
magnification mode, is corrected to the
second order. The beam is ultimately
focused after two 22.5° bend, 3m radius
spherical ESAs separated by an
electrostatic doublet, into the detector
chamber. As in the low energy system,
the beam intensity can be measured in
either a Faraday cup or an ion counter,
and when necessary in a gas
proportional counter with segmented
anode for particle identification. The
high energy bouncing system consists
of two sets of deflecting plates, 40cm
long with 4cm gap, at the entrance and
the exit ports of the magnet box. The
different isotopes are deflected
transversely in the orbit plane by
entrance plates, and returned to the
main axis by the exit plates by applying
common appropriate voltages, with the
magnetic field kept constant.

The high energy system also shows flat top transmission characteristics, evident when
Faraday cups are used to detect the ions. This is demonstrated in the S isotopes measurements,
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Figure 2. Composite spectrum of sulfur isotopes
measured as a function of mass represented by the
high energy bouncer channel, in the high energy
magnet Faraday cup (top), and in the high energy
ion counter (bottom).

as shown in figure 2. The top shows a composite spectrum of S , S and S , from
injected S" ions, showing the flat top response when measured as currents in the Faraday cup.
The lower figure shows the same spectrum measured in the ion counter. The flat top is not as
evident due to the fact that the counter aperture is only just larger than the beam diameter.
The isotopes of interest are measured sequentially by synchronising the low energy and high
energy bouncer settings. For example in the case of Pb isotopes, the high energy bouncer is
set to detect 208Pb4+ when injecting 08Pb32S\ Beam stability affects the precision directly, and
the sputtering process as well as instabilities in the beam transport sys-tem can be the main
source of fluctuations.
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The new hard-ware based
bouncer system permits
switching time as low as lms
per isotope. Figure 3 shows
the raw counts of the Pb
isotopes for a single run of
measurement of a galena
sample indicating significant
variation due to beam
instabilities. Figure 4 shows
the ratios, indicating, very little
variation with the ^07Pb/206Pb
varying by only ~1 permit.
Repeat measurements of the
same sample, different
analytical points, and the ratio
shows a standard deviation of
only 0.4 permil (figure 5).
These measurements
demonstrate the effectiveness
of fast bouncing to circumvent
the beam instabilities problem.
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Figure 3. Raw counts of Pb isotopes in a
measurement sequence can show large
fluctuation. With fast cycling, the variation is
reflected in all isotopes.
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Figure 4. Pb isotopic ratios from
data in figure 3, showing that the
ratios are not affected by the large
fluctuations in the beam intensity

Figure 5. Repeat measurements on the same
sample as in figure. 4.

Fractionation effect is deduced from measurements on known samples. Defining R as the
measured ratio divided by the actual value, the fractionation factor f =1-R. In a linear
fractionation model, f is proportional to the mass difference of the isotopes involved in the
ratio. For example, f (^Tb/^Pb) would be twice that of f (207Pb/206Pb) and would be the
same but opposite sign to f (206Pb/204Pb). However, unlike in single stage mass spectrometry
where this linear model usually applies, the fractionation effect can be very non-linear with
mass especially when the bouncer is operated near the limits where transmission efficiency
declines rapidly.

We have used galena from Broken Hill (208Pb/206Pb = 2.2287, 207Pb/206Pb = 0.9619,
206pb/204pb _ 1 6 0 0 7 ) a n d S o u t h parrell Mine (2.072, 0.841 and 18.57 respectively) to
investigate the effect. Figure 6 shows the fractionation effect for Pb isotopes for a series of
measurements covering an 8 week period. Within a series of measurements, ie. with the same
accelerator setup, the fractionation factors are within the precision of the measurements. Over
longer period with different conditions of the accelerator a variation of the order of 1 to 2%
was observed for all ratios. The non-linearity can be seen where the f (208/206) is more than
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twice f (207/206) and appears unrelated to f (206/204). The variation observed may be
attributable to the slightly different condition of the transmission through the accelerator, in
turn possibly due to that of the extraction of the secondary ions. The reproducibility of the
beam transport conditions will be improved when the last few items (eg. the low energy stand
high energy steerers) are put under computer control.
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Figure 6. Fractionation factor f for Pb isotopic ratios over a period of 8 weeks.
The factors are not linear with mass difference (see text).

Conclusions
A microbeam AMS system designed mainly for in-situ geochronology applications has been
constructed. Tests demonstrate that a fast bouncing system is essential for achieving the high
precision required in isotopic measurements. In tests on Pb and S isotopes, precision as good
as 0.04% has been achieved. Long term reproducibility is still of the order of 1-2%, and is
expected to be improved with better control of the beam transport components. The system
paved the way for applications in geochronology previously not feasible by the in-situ
method.
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