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Introduction: The NASA Genesis mission collect-

ed samples of solar wind (SW) and returned them to 

Earth for quantitative isotopic and elemental analyses. 

Performing such analyses for Genesis SW collectors is 

a very difficult task. This is because the SW material is 

implanted at very shallow (<100 nm) depths under the 

collectors surface, which was contaminated both by 

exposure to outgassing spacecraft materials and by the 

hard impact landing of the Genesis sample return cap-

sule. Analytical techniques relying on sputter depth 

profiling, such as SIMS and RIMS, can resolve the SW 

species from the surface contamination, if the instru-

mentation and methodology are optimized for ultra-

high depth resolution (<1 nm). At Argonne National 

Laboratory (ANL), we have developed a gentle dual 

beam (gentle-DB) depth profiling approach for RIMS 

[1] and demonstrated for Si collectors unambiguous 

distinction between the SW matter (Mg, Ca and Cr) 

and the corresponding surface contamination [2]. This 

approach is optimal for front-side depth profiling, and 

we continue using it in our RIMS analyses. On the oth-

er hand, (1) a gentle-DB-specific requirement of using 

an ultra-low energy (~500 eV) ion beam for ion mill-

ing, and (2) a noticeable broadening of SW depth pro-

files in Si due to radiation-enhanced diffusion [3] do 

together result in a long time needed for completing 

RIMS analyses. For instance, it can take up to 16 hrs to 

measure two spots with gentle-DB RIMS, one on a 

Genesis sample and one on the matching standard. This 

limitation of the analytical throughput ultimately re-

duces the precision of our RIMS analyses by slowing 

down the process of achieving statistically significant 

sample size. In order to resolve this conundrum, we 

have developed and tested at ANL a new approach, 

which relies on the backside sputter depth profiling 

technique [4] in combination with the sample prepara-

tion method optimized for diamond-on-silicon (DOS) 

SW collectors. In this work, we present the very first 

results obtained with this approach. 

Experimental. Depth profiling analysis of Genesis 

samples from their backside greatly reduces ion mixing 

artifacts thus improving overall accuracy and precision. 

We tested this approach with RIMS on Genesis Si 

sample #60176 [5], which was prepared for backside 

depth profiling using mechanical polishing equipment 

at the ANL Electron Microscopy Center. The sample 

ended up to be too thick (>15 µm), which resulted in a 

very long RIMS analysis time, and our sample thinning 

procedure apparently introduced surface contamination 

in form of Mg-containing particles, possibly originat-

ing from the polishing compound. Although we quali-

tatively demonstrated a noticeable reduction of ion 

mixing artifacts, we did not obtain then any quantita-

tive results on SW Mg fluence. More progress in back-

side depth profiling of Genesis samples has been 

achieved by our SIMS colleagues [6] applying 

CAMECA instruments at Caltech and UCLA to Si 

samples thinned to up to 400 nm. 

Sample Preparation: Mechanical polishing does 

not work well with DOS collectors: their thin (submi-

cron) diamond-like (DLC) film tends to chip when the 

Si substrate is abraded away. On the other hand, DOS 

collectors have important advantages: (1) reduced dif-

fusion of SW species, and (2) its high hardness results 

in fewer surface scratches that could accumulate irre-

movable terrestrial contamination The other very im-

portant advantage of DOS collectors is that the DLC 

film is chemically inert, which enables non-mechanical 

removal of the more reactive Si substrate by an appro-

priate chemical procedure, such as an isotropic dry 

etching with XeF2 gas [7]. But the fragile structure of 

Genesis DOS collectors (~1µm thick DLC film on 500-

700 µm Si substrate) and the exothermic character of 

the 2XeF2 + Si → 2Xe + SiF4 reaction make possible 

the sample damage  due to thermal stress in the film. 

We conducted a special series of experiments at the 

ANL Center for Nanoscale Materials to identify sample 

mounting arrangements (i.e. combinations of substrates 

and adhesives) and dry etching regimes (i.e. gas pres-

sures and cooling intervals) that reproducibly yield 

intact and flat DLC films ready for RIMS (this work) 

and SIMS [8] analyses (Fig.1). 

RIMS analysis:  After developing optimal sample 

preparation procedures, we applied them to make two 

sets of reference samples (1 keV/amu and 2 keV/amu
 

25
Mg, 

44
Ca and 

53
Cr ion implants) and conducted a se-

ries of RIMS experiments with the SARISA instrument 

at ANL to identify optimal backside depth profiling 

approaches. To minimize analysis errors, we measure 

Genesis samples and reference ion implants always in 

the same manner, in this case, from the backside. 

Therefore we applied the gentle-DB [1, 2] and single 

beam [5] approaches to the backside of these reference 

samples. For the gentle-DB method, the DLC film was 

too thick to complete ultra-low energy ion milling on a 

reasonable time scale. The single beam depth profiling 
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[5] yielded better results, after we modified it, as fol-

lows. First, the Ar
+
 ion beam (10 keV at 60º incidence 

angle) was raster scanned for ~1000 s over the target 

surface in a direct current mode, forming a 500×500 

µm
2
 square and about 800 nm deep crater. Then up to 

nine analysis spots (~70 µm in diameter) could be 

spaced on the bottom of this crater to perform RIMS 

analysis using the same ion beam, switched into a 

pulsed mode with raster scan off. In this "spot hammer-

ing" regime, one data point (~50,000 0.5 µs ion beam 

pulses) corresponds to 4 to 5 nm of sample material 

removed, as was determined by optical profilometry. 

The typical SW depth profile is shown in Fig.2. When 

the ion beam reaches the Genesis sample surface, the 

RIMS signal "jumps" due to terrestrial contamination 

on it, and the same happens when the ion beam hits the 

substrate. These markers help to accurately set integra-

tion limits for SW depth profiles. Finally, we per-

formed RIMS measurements (Fig.2) on the Genesis 

DOS sample #61389 (11 spots in total). The average 

fluence of SW 
24

Mg was (1.8±0.4)×10
12

 cm
-2

, which is 

close to what we determined by the gentle-DB RIMS 

on Si collectors, (1.9±0.6)×10
12

 cm
-2

 [2] and is con-

sistent with SIMS data [9]. But for 
40

Ca we obtained 

SW fluence of 2.2±0.5×10
10

 cm
-2

, which is about 8 

times lower than what we measured on Si collectors 

[2]. We will conduct soon a gentle-DB measurement 

from the front side on another Genesis DOS sample to 

clarify the cause of this discrepancy and origins of rela-

tively high RIMS background for Ca in Genesis DOS. 

Conclusions: We have developed a new approach 

to backside depth profiling of Genesis DOS collectors 

and demonstrated that using it for quantitative RIMS 

analyses can significantly increase our analytical 

throughput. Now it is feasible to measure 5-6 highly 

reproducible SW depth profiles per day using the "spot 

hammering" regime. This will help us to faster accu-

mulate the needed experimental statistics. Moreover, 

our sample preparation procedure is broadly applicable 

for SIMS, as will be shown in a separate presentation 

at this meeting by our collaborators from ASU [8]. 
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Figure 2. The structure of the backside depth profile of Genesis sample #61389  
Figure 1. Genesis DOS sample 

#61389 before and after dry etch 

Before  

After  
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