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Introduction:  Pre-solar  grains  are  circumstellar  con-
densates that survived the formation of the solar system
and can be found in primitive meteorites [1-3]. As di-
rect  samples  of  extreme  astrophysical  environments,
analysis of these grains is the only way to study, within
the laboratory, nucleosynthetic processes occurring in
stars. The main types of grains discovered are silicon
carbide, diamond, graphite, silicon nitride and corun-
dum. The study of their extreme isotopic compositions
(isotope ratios of carbon, oxygen, magnesium and sili-
con may vary by up to 4 orders of magnitude compared
with terrestrial materials) is currently being used to di-
rectly model nucleosynthetic processes in AGB stars,
novae and supernovae.

The grains may also be structured on a sub-micron
scale [4] and retain evidence of their passage through
interstellar space.  In a 1 micron diameter grain there
are  as few as several  thousand atoms of each of the
heavy elements (especially rare earth elements and ac-
tinides)  requiring an average detection efficiency for
these  low  abundance  elements  of  at  least  1%  and
preferably greater than 10%. An instrument capable of
analyzing  element  and  isotope  ratios  in  these  grains
must therefore be able to achieve a spatial resolution of
at least 100nm and be able to extract and detect atoms
from the grain with very high efficiency.
Description:  We have constructed a  TOF-SIMS in-
strument based upon the BIO-TOF design [5].  SIMS
mapping of mass resolved isotopes with 3700 mass re-
solving  power  has  been  achieved  with  an  estimated
spatial resolution of 200nm. We are currently conduct-
ing  studies  of  non-resonant  laser  post-ionization  of
sputtered neutrals in order to improve the ionization ef-
ficiency over SIMS and avoid matrix effects for easier
and  more  efficient  quantification  of  element  abun-
dances. The laser used is a GAM F2 excimer laser pro-
ducing up to several mJ per pulse at 750Hz at a wave-
length of 157nm. With photon energies of 7.9eV, over
60% of the elements of the periodic table may be non-
resonantly photo ionized by single photon ionization.
157nm radiation is strongly absorbed by air so a beam
transfer pipe has been constructed to transfer the laser
radiation from the laser  to  the sample chamber.  The
beam transfer pipe is evacuated to approximately 10-3

torr and holds a CaF2 lens, of focal length 50cm, to fo-
cus the laser radiation just above the sample surface.
The low vacuum beam transfer pipe is coupled to the
ultra-high vacuum sample chamber via a CaF2 window.

Performance:  The  performance  is  characterized
by the lateral and mass resolution of the instrument as
well as the detection sensitivity.

Lateral resolution.  The lateral resolution is inde-
pendent of the ionization process and therefore is the
same  in  SIMS-  and  laser-SNMS-modes.  Figure  1
shows a secondary ion image with a field-of-view of
3×2microns with 1 micron square gold patterns on a Si-
substrate. The resolution of ~250nm was achieved us-
ing  the  medium size  beam aperture  and  can  be  im-
proved by the use of smaller beam defining apertures.

 

Figure 1 Total secondary ion image of a gold chess-
board pattern on a Si substrate. Each gold (bright)
and  silicon  (dark)  square  is  1micron  on  its  side.
Field of view 3x2 microns. Intensity is color-coded
from black (zero) to yellow (maximum).

Mass resolution.  The achieved mass resolution for
post  ionized  secondary  neutral  mass  spectrometry  is
around 2000 at FWHM and high masses. This value is
lower than in SIMS mode due to the width of the laser
beam in the electrostatic extraction field. This resolu-
tion  still  enables  elemental  analysis  though  isotopic
measurements will be limited.

Sensitivity  and quantification in SIMS.  We have
measured the relative ionization efficiencies of numer-
ous elements from glass standards and silicon carbide.
It  is  found  that  the  ionization  efficiency  depends
strongly upon the ionization potential but in a manner
that enables quantification of abundances (see Figure
2). The sensitivity in SIMS mode is therefore very low
for elements with medium to high first ionization po-
tentials. Accurate measurements are therefore only re-
ally feasible if that element has significant abundance
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in the sample. Elements with very high first ionization
potentials  like  halogens  can  usually  be  measured  in
negative SIMS-mode because they easily form negative
ions due to the high electron affinity.
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Figure 2  Practical yields for a range of elements in
silicates and silicon carbide plotted against the first
ionization  potential  showing  a  strong  exponential
corellation.

Using this data, the relative elemental abundances
may be measured in real grain samples.  

Sensitivity and quantification in SNMS  Laser post
ionization improves detection sensitivity especially for
elements with mid-range first ionization potentials up
to the single photon energy of 7.96eV like most transi-
tion metal, actinide, and lanthanide elements. An unex-
pected observation is the photo ionization of Si (ioniza-
tion  potential  8.15eV).  Excitation  to  high  Rydberg
states followed by photo  ionization may account for
this observation. We are currently quantifying the high-
est  sensitivities  obtainable  using this  technique for  a
range of elements.

A preliminary set  of  measurements  on metals  re-
vealed up to an order of magnitude higher sensitivities
for some metals in SNMS compared with SIMS (Fig-
ure 3). We expect that the SNMS sensitivity can be in-
creased further with improved alignment and focus of
the laser beam.
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Figure 3 Practical Yields for Zr, Mo and Ta ob-
tained  during  preliminary  measurements.  We  ex-
pect yields to improve with full optimization of the
instrument.

Conclusions:   We  have  developed  a  new TOF-
SIMS/laser-SNMS instrument (IDLE) for the analysis
of interstellar grains using laser secondary neutral mass
spectrometry to improve sensitivity and quantification
over SIMS analysis for the heavier elements of the pe-
riodic  table.  Using this  instrument  we have obtained
SIMS  measurements  of  interstellar  silicon  carbide
grains which are presented in a related abstract [6]
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