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Introduction: We describe here the most recent
version of our miniature mass anayzer [1,2], suitable
for deployment on board a planetary rover with very
limited resources. Although we cdl the instrument
LMS (Laser Mass Spedrometer) and have designed
and tested it with a laser ablation ion source for the
analysis of solids, the mass analyzer is a versatile in-
strument that could be used with other ion-sources, and
for the measurement of fluids as well as lids. We will
describe the potentia use of such a miniature mass
spectrometer in conjunction with chemicdly seledive
separation techniques uch as gas-chromatography.
Similar approaches have been proposed el sewhere [3].

The origina version of the instrument, LMS
1.0, was intended for deployment on a stationary lander
and was a simple time-of-flight mass analyzer using a
linea refledron with a total design mass of 0.5 kg.
Subsequent versions have been intended for deploy-
ment as part of a suite of geochemicd instruments ei-
ther on a mobile rover or by arobaic am. The instru-
ment described here, LMS 3.2, is a ‘flight-like' proto-
type intended to demonstrate ‘proof-of-principle’ and
to alow us to experiment with various laser sources
and to begin a cdibration program. By ‘flight-like’ we
mean that the mass volume and power requirements of
al components are compliant with foreseen require-
ments (e.g. for the Geochemicd Instrumentation Padk-
age Fadlity under study by the European Space
Agency), but that they have not necessarily been flight-
qualified.

Instrument: Our current instrument (LMS 3.2)
has a design mass (including eledronics and laser-
ablation ion source) of 0.28 kg, and will fit into a vol-
ume 7x4x3 cm® and operate on a power of just 3 W.
Increasing prototype version numbersrefled increasing
integration of ‘flight-like’ eledronics, and improved
opticd designsfor the alation laser system.

lons are produced using a passvely Q-switched di-
ode pumped microchip laser (from Northrop Grumman
Space Technology - Synoptics) focused to a ~10 pum
spot on the target using two lens elements. The irradi-
ance of the sub-nanosecond laser pulse on the surface
isin excessof 10° W cm’?, sufficient to creae and hea
a plasma @ove the surface Positive ions from the rap-
idly expanding plasma ae introduced through an aper-
ture into the time-of-flight massanalyzer, which incor-
porates an eledrostatic analyzer and a refledron in

Office

Noordwijk, The Netherlands. email:

order to oltain sufficient massresolution and transmis-
sion. (Laser ablation typicdly results in a spread o
ion-velociti es greater than that from an eledron impad
ion source).

The detedor is a smal microchannel plate with a
fast rise-time which has been used in an anaogue
mode but would also be suitable for pulse @unting.
The mass gedrometer system can be operated either
with laboratory power supplies ex vacuo or purpose
built miniature assemblies on printed circuit boards
with the same footprint as the massanalyzer shown in
Fig. 1. Althoughwe have performed some design stud-
ies, we do not yet have afunctiona prototype for an
suitable analogue-digital converter and buffer for sig-
nal acquisition. In the laboratory we make use of either
a fast digital oscill oscope (20 Gg/s but limited trigger
rate) or a plug-in card (only 2 Gs/s but can trigger at
the 7 kHz freerunning repetition rate of the laser) as
appropriate.

Mass resolution (using laboratory eledronics) is
better than m/Am =180 (FWHM) and we eped to
obtain a dynamic range of between five and six orders
of magnitude by summing many spedra together.

Applications. The instrument was originaly de-
signed in the mntext of the Mercury Surface Element
that was to have been part of the European BepiCo-
lombo misgon to Mercury. The focus of the design was
upon wsing geochemica measurements of elemental
compasition to infer the mineralogy of regolith samples
or rocks. The use of alaser ablation ion source dlows a
high spatial resolution, comparable to the regolith grain
size «peded on Mercury, and a degree of depth-
profili ng, allowing compensation for the micro-impad
produced glassy surfaces expeded on grains with long
regolith residence times. A knowledge of the chemicd
and mineralogicd compasition of Mercury’s surface
together with models of crustal formation, would all ow
inferences to be made &out both planetary acae-
tion/formation and subsequent evolution. These quanti-
ties are of gred interest on many other bodes, and we
believe that LMS could be used with very littl e modifi-
caion on other bodes with a negligible @mosphere.
(Use on e.g. Mars would require some sort of vacuum
pump).

The aility of the mass pedrometer to measure
isotopes opens up the passhility of obtaining informa-
tion about the timing and extent of events such as
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planetary differentiation or crust formation. Unfortu-
nately, most of the geochemicdly interesting systems
either require very high predsion (and massresol ution)
or sensitivity, althoughwe ae studying some candidate
systems where the dements concerned might be e-
peded to be eriched in some minera hosts.

Molecular species: The miniature mass analyzer
could aso be used as a detedor in conjunction with
chemicadly seledive sample preparation (pyrolysis, gas
chromatography) to measure moleaular spedes. With
an appropriate ion-source, for example cabon isotopes
in CO, gas (perhaps from pyrolysis of martian soils)
could be measured. A time-of-flight massanalyzer has
no intrinsic high mass cut-off, and so more cmplex
moleaules auch as paly-cyclic aomatic hydrocarbons
could be deteded given suitable ionization techniques.
We ae exploring the use of LMS as a detedor with
both gas chromatographic and gas-phase ion mohility
separation systems. The use of a miniature robust mass
spedrometer together with a robust chemicaly selec-
tive interface such as those used in Membrane Inlet
Mass Spectrometry might allow the deployment of
LMS in a planetary atmosphere or ocean (e.g. inside a
drill string penetrating an ice overed seg).
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