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Introduction:  We have previously reported on the 

analysis of fragments of the Genesis solar wind collec-

tor materials for contamination [1].  The crash landing 

of the Genesis collector capsule on its return to Earth 

shattered the ultra-pure collectors and coated them 

with Utah desert sands and mud.  Strategies have had 

to be evolved to clean the contaminants from the sur-

faces of the fragmented collector pieces without com-

promising or contaminating the implanted solar wind 

atoms.  At LPSC 2010 we reported on a study of parti-

culate contamination of silicon sample 60130 using a 

Zeiss 1530 SEM with the unique capability of an in-

lens detector and a TOFSIMS (time-of-flight second-

ary ion mass spectrometry) elemental analysis of the 

same areas to gauge the relative merits of each analyti-

cal technique and a measure of the particulate conta-

mination remaining upon the detector material after 

cleaning. 

The initial cleaning strategy involved megasonici-

fication in ultra-pure water, ozone treatment followed 

by HF/HCl.  Micrometer scale particulates and nano-

meter-thin films containing O, Fe and Ca were de-

tected by both techniques although TOFSIMS further 

identified particulates and films embedded into the 

sample surface. 

Further sample cleaning and analysis 

Following this discovery, sample 60130 was fur-

ther cleaned at Caltech using HCl and then in hot xy-

lene to remove any organic contamination.  Analysis 

by the Wisconsin Zeiss SEM detected no particulate 

contamination in the previously analyzed areas. 

The sample was then analyzed using TOFSIMS at 

the University of Manchester using a focused pulsed 

gold ion beam (spot size ~ 1 micrometer) to generate 

secondary ions for time of flight mass analysis. 

 

TOFSIMS analysis 

TOFSIMS analyses of the previously analyzed 

areas were found to still display thin film and particu-

late contamination, often buried within the sample sur-

face at depths of a few nm. 

Firstly the area was analyzed with no pre-sputtering 

by the primary ion beam.  Elemental images of a 152 

micrometer sized area encompassing the previously 

analyzed areas is shown below.  (The areas previously 

analyzed were sputtered and here show higher yields 

of Si as surface contamination and a covering oxide 

layer were removed during the previous analysis.) 

Si  Na  Ca 

Figure 1. Secondary ion images of the previously 

analyzed area reported in LPSC 2010 #1822 (shows 

as yellow in the Si image).  Field of view 152 mi-

crometers. 

 

Analyses were also obtained of an adjacent area 

which had previously been unanalyzed. 

 Si  Ca  Al 

Figure 2. Adjacent 200micrometer area showing 

little contamination on the surface. 

 

Subsequent depth profiling of the area exposed bu-

ried particulate and thin-film contamination. 

 

 

Figure 3.  Same area as in figure 2 but with 

<1nm depth of the surface removed.   

Subsequent depth profiling of the same surface 

showed that the particulate/thin-film contamination 

becomes more pronounced with depth. 
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Figure 4. Same area as figure 3 but 0.2nm deeper 
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The thin-film nature of the contamination can be 

seen in a sequence of analyses, Al in the first 3 images 

and Ca in the second 3 images.  These follow on in 

depth from the images shown in figures 3 and 4.  The 

latter 2 images are from a 100micrometer field of view 

 

 

 

Figure 5.  Successive elemental images (Al first 

row, Ca second row) with depth into the surface. 

 

An alternative explanation to the particulates being 

present at depth within the surface is that they are cov-

ered by water and hydrocarbon contamination follow-

ing exposure to the atmosphere and that this is re-

moved during sputtering.  High spatial resolution im-

aging, selecting regions of interest may avoid particu-

late contamination but it is clear that particulate con-

tamination is present at the surface. 

 

Solar wind detection by TOFSIMS 

TOFSIMS holds the potential for the simultaneous 

analysis of solar wind depth profiles of different ele-

ments.  Simultaneous profiles of different solar wind 

elements would be very valuable as the detailed im-

plantation depths could be directly compared and 

hence the energies of different elements be determined.  

However, these contaminant issues have so far pre-

vented the successful unambiguous detection of the 

solar wind signal in silicon using TOFSIMS.  Mg and 

Fe solar wind profiles have been successfully acquired 

using ion probes with direct current primary ion beams 

[2] and the Mg solar wind profile detected by 

TOFSIMS in a diamond collector sample [3].  Howev-

er, the silicon collector material is still proving difficult 

to analyse with TOFSIMS.  .   

 

 

 

 

 

 

 

 

 
 

 

Figure 6.  Simultaneous depth profiles into sili-

con sample 60130 obtained after further HCl clean-

ing of the surface.   

The different elements at <50nm depth are still de-

creasing in abundance at a level above the known solar 

wind abundance which should be peaking at that depth.  

Abundances at depths approaching 100nm are an order 

of magnitude lower than the expected solar wind ab-

undance for Mg so demonstrating that background 

levels can be low enough to detect the solar wind ab-

udances but measured levels at depths of <50nm prec-

lude measurement of the solar wind by this technique 

at present. 
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