MICADAS: NEW INSTRUMENTATION
FOR CARBON-14 DATING
I recently had the pleasure of visiting the Ion Beam Physics Group at
ETH-Zürich, a place well known for innovative analytical instrumentation. Even before my trip I was eager to learn about Zürich’s new
“mini” accelerator mass spectrometer, which was specifically designed
for high-throughput 14C dating applications. MICADAS—an acronym
for Mini Carbon Dating System—came into existence in the mid-2000s
(Synal et al. 2004, 2007), and since then it has undergone further design
improvements. What is novel about this mass spectrometer is that it
shrinks the overall dimensions of such instrumentation from the tens
of meters of a “traditional” ion accelerator down to a size small enough
to fit into a mere 30 m 2 of laboratory space. No longer must such analytical tools be kept under the watchful gaze of physicists and engineers:
accelerator mass spectrometry is entering the arena of geochemical
instrumentation that can be supported by a geoscience department
at a well-equipped university. An important aspect of the MICADAS
system has been the focus on automation and high sample throughput,
allowing up to 40 high-precision determinations per day with virtually
no operator intervention and minimal instrument tuning.
What distinguishes MICADAS from its larger cousins is the use of a
relatively modest acceleration voltage of “only” 200 kV, allowing for
a much simplified design of the instrument’s acceleration unit and
smaller overall dimensions. Negative carbon ions from the sample,
generated in the cesium sputter ion source, are initially accelerated by
a −38 kV potential that injects the ions into the instrument (FIG. 1).
An initial sector field magnet deflects the ion beam by 90°, feeding a
mass-separated beam to the accelerator segment of the instrument.
An added advantage of the low-energy sector magnet is that it permits
direct measurement of the 12C − peak intensity when the low-energy
magnet is set for m/e = 14; this 12C − signal can be used to monitor the
ion beam’s intensity and stability. Farther downstream the ions enter
the spectrometer’s accelerator segment, where a high electric field gradient accelerates the ions into a gas-fi lled stripper tube. This tube, in
a recent modification, is fi lled with helium gas (at a mean pressure
of about 20 Pa) that interacts with the ion beam; multiple collisions
between the high-energy ions and the stripper-gas atoms cause the
ions to undergo a charge-state conversion, from their initial −1 to a +1
charge state. The now positively charged ions are accelerated a second
time back to ground potential—hence the term “tandem” accelerator.
Crucially, this collision process is nearly 100% efficient at destroying
molecular ions that might be present in the ion beam (e.g. 13C1H on
the m/e = 14 mass station) while transmitting nearly half of the atomic
C + ions to the exit of the high-voltage segment. These atomic C + ions,
now with a total energy of 438 keV and m/e = 12, 13, or 14 (depending
on which species is being transmitted by the low-energy magnet at a
given point in time), are projected into a second magnetic field sector.
This so-called high-energy magnet provides a static magnetic field that
steers a given mass to a dedicated ion detector: Faraday cups for 12C +
and 13C + or, in the case of much less abundant 14C +, a gas ionization
detector farther downstream after an energy fi lter (electrostatic analyzer). Put all together, this system has a machine background 14C/12C
value on the order of 3 × 10 -16 and is able to measure ratios with a total
uncertainty of ±2‰ or better on contemporary (so-called “modern”)
samples, while requiring a total analysis time of around 40 minutes per
result. In other words, 14C dating of samples with ages up to 50 thousand years has now become possible on what one could (somewhat
euphemistically) describe as a bench-top system.

(TOP) Photo of the MICADAS instrument, with a total flight tube length
of 8 m. The sample introduction and ion source is at the lower left of the
picture and the high-voltage segment are at the top center. The gas bottle shows the
scale. (BOTTOM) Simplified diagram of the ion optics of the MICADAS system. The
high-voltage segment is shown in green. DIAGRAM COURTESY OF THE ETH ION BEAM PHYSICS
GROUP. PHOTO COURTESY OF S. M. FAHRNI

FIGURE 1

can be combusted by an elemental
analyzer system, after which the
sample is transported by helium
entrainment to a zeolite trap (Ruff
et al. 2010), allowing subsequent
injection of the CO2 sample gas
directly into the mass spectrometer. In other setups, sample CO2
is fed into the MICADAS ion
source from sealed glass ampoules
or, alternatively, from an automated system for acid digestion
FIGURE 2 Examples of graphitized
ampoule (TOP) and gas
of carbonate samples (see Fahrni
ampoule (BOTTOM) sample formats, both
et al. 2013; Wacker et al. 2013).
of which the MICADAS can run in an
automated mode. COURTESY OF S. M. FAHRNI
All the above methods are automated, and the MICADAS’s sensitivity allows for sample amounts
as small as 10 µg of total carbon. Despite the somewhat reduced precision of such measurements, the ability to operate the MICADAS in
conjunction with a gas ion source (FIG. 3) may well prove key for the
adoption of this technology. Such flexibility in terms of sample type,
combined with good overall sensitivity, means that the analysis of,
for example, single foraminifera tests can become quasi-routine. With
nine MICADAS systems already in operation across Europe and in the
USA, it is reasonable to expect a rapid increase in the number of scientific publications making use of 14C age determinations produced
by MICADAS instruments. With the upcoming full commercialization

This raises the topics of sample preparation and how a laboratory is to
cope with providing the many thousands of samples needed for daily
operation throughout a year. In this our colleagues in Zürich have also
been active. The ion source of the MICADAS system has been optimized for maximum flexibility, accepting graphitized material or CO2
gas (FIG. 2). Graphitized material can be directly sputtered suing a Cs
ion source. Alternatively, when CO2 is to be used, the sample material
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of the MICADAS system, through the ETH spin-off Ionplus, one may
expect the number of systems to continue to grow at a healthy rate
well into the future. For me, this field looks ripe for a genuine revolution over the coming few years.
I want to thank Max Döbeli for hosting my visit to ETH-Zürich, as well
as his helpful colleagues who were eager to explain their research. I
would like to close by expressing my special thanks to Simon Fahrni
for his assistance in explaining the many details of the MICADAS
technology.
Best regards from Potsdam,
Michael Wiedenbeck
(michael.wiedenbeck@gfz-potsdam.de)
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Schematic layout of the MICADAS gas ion source, which allows the
direct injection of CO2 sample gas entrained in a helium gas flow.
Cesium gas injected into the source undergoes thermal ionization (yellow); the
+ ions are then accelerated onto a titanium target (red), where the
resulting Cs
(partially neutralized) Cs interacts with the sample gas, producing C- ions, which
are fed into the mass spectrometer via the extraction lens (green).
COURTESY OF S. M. FAHRNI; SEE ALSO FAHRNI ET AL. (2013).

FIGURE 3
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RARE MINERALS
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ROM our inventory of over 200,000 specimens, we can supply your research specimen
needs with reliably identiﬁed samples from worldwide localities, drawing on old,
historic pieces as well as recently discovered exotic species. We and our predecessor
companies have been serving the research and museum communities since 1950. Inquiries
by email recommended.

Dodecahedral grossular crystal from Sierra de Cruces, Coahuila, Mexico.
Photograph by Jeff Scovil from Excalibur’s exclusive Photographic Guide to Mineral Species CD.
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