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Planetary Targets for In Situ Instruments ~Nasa
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Mass Spectrometry

AWell established technique for in situ
chemical analysis in planetary science
missions

AProvides mass-to-charge ratio for every
sample constituent i non-specific

ACan be interfaced to complementary
analytical techniques for thorough sample
characterization, e.g.

I Pyrolysis (soil)
Thermally evolved volatiles
I Gas chromatography
(atmosphere, pyrolysis products)
Small, robust molecules
I Liquid chromatography
(soil extract, liquid)
Complex molecules
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Planetary Mass Spec: State of the Art  Nasa

s

Gas Chromatograph Quadrupole
Mass Spectrometer

I part of Huygens lander

I Cassini mission to Saturn and
moons

AQuadrupole mass filter uses AC
fields to select transmission at a
single mass

AMass spectrum is acquired by
scanning through operating range

AThermionic filaments are used for
electron impact ionization of gas
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Planetary Mass Spec: State of the Art

Pyrolysis Gas Chromatograph
Quadrupole Mass Spectrometer

I part of Sample Analysis at Mars
Instrument Suite

I Mars Science Laboratory rover
mission

AQMS similar to Huygens
Im~13kg, P~145W

AThermionic filaments are used
to ionize pyrolysis products or
atmospheric gases
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In Development: Miniaturized Time-of-Flight Mass

Spectrometer

ATime-of-Flight Mass
Spectrometer

i Field emission Electron Gun
for electron impact ionization

i lons are accelerated to a
uniform kinetic energy in the
lon Lens Assembly

I Heavier masses travel more
slowly than light ones in the
Reflectron analyzer

I Arrival of isomass ion
packets is registered as a
function of time at the
Microchannel Plate
Detector

Linear-mode
Microchannel
plate detector

Reflected-mode
. Microchannel
plate detector

Reflectron
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lonization for Time-of-Flight Mass Spectrometer  jzsa

N

Simulated Mass Spectrum
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Previous Work: Field Emission in CNTs

ASWCNT, MWCNT, and CNF Our approach:
.. : : Tower x-section << spacing
I Various growth techniques

Patterned MWCNTSs:
S. Fan et al. (1999)

CNFs:
MWCNTSs: : E. Minoux et al. (2005)
P. G. Collins and A. Zettl (1996) S5 o ¥ " .

150 um

J.-M. Bonard, et al. (1998)
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Previous Work: Field Emission in CNTs

W. A. de Heer, A. Chatelain, D. Ugarte (1995)
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Carbon Nanotube Electron Gun

Carbon Nanotube field emitters
i Low power (100x < thermionic)

I Scalable for high sensitivity, redundancy
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CNT E-gun for Mini Mass Spec

ALow operating voltages
achieved for efficient gas |
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CNT E-gun for Mini Mass Spec

MEMS Integration of CNT e-gun for clean packaging

A Long lifetime
A Reduced current noise

A Reliable fabricatio
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TOF-MS Integrated Testing NASA
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Lens Optimization
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AMass resolution > 270
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Future Steps

AOpportunities for TOF performance improvement:
I Increased sensitivity
Electron current 1
ABetter transmission through revised geometry
AOptimized emitter geometry
APulsed e-gun
lon transmission i
Almprove field uniformity to increase ion yield
I Increased mass resolution
AReduce ionization volume
AMinimize rise time on pulse electronics
I Improved emitter lifetime
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Liquid Chromatography-Mass Spectrometry N(Q»p
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Miniaturize liquid
chromatograph for in
situ organics analysis

Successful lab techniques A planetary surface
ANanoelectronic charge displacement detector at output
AChemicals elute at different rates based on interactions with LC column

AData = retention time spectrum
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Chemical Separation by Liquid
Chromatograph

LIF Signal

f\

Retention Time
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Design of Micro-LC column

APacking of microbeads
to form stationary Microbeads

phase
ALonger channem

can better distinguish
retention times, but
higher pressure

. 80 mm
requirements
ADesigned micro
channels with varying
lengths, 40 mm-100
mm using wafer scale Filling of a Micro-LC column

processing.
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