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Introduction 
The solar abundances of C,N, and O are obtained from photospheric 
spectroscopy measurements. However, these measurements have large 
uncertainties and C, N, and O abundances have been revised downward 
over the last two decades [1]. The solar wind (SW) fluences can be used to 
constrain these abundances. Spacecraft measurements of SW yield C, N, 
and O abundance ratios with uncertainties of 10-50% [e.g. 2,3]. We 

present our latest  results on CNO abundances captured in ultra-pure Si 
targets  flown on the Genesis spacecraft and measured by secondary ion 
mass spectrometry (SIMS). Our objective is to provide abundances of these 
elements with an accuracy of 5% and better. To accomplish this, we 
present strategies to determine absolute fluences by using calibrated ion 
implants of minor isotopes. 

CNO abundances in the bulk SW 
Experimental 

Resulting SW fluences (Table 1) 

•  Si targets measured by back-side depth 
 profiling  with 5keV impact E (7f-Geo SIMS [4]) 
•  3 backside polished Genesis targets thinned 
 to 400nm, 2.5 m, and 1 m (optimal)  
•  Fluences: measured integral of the ion signal 
 and modeling of region close to original        
 collector surface based on SRIM [5] curve 
• Calibrated against reference ion implants 

Si fragment  glued up side down on Si 
substrate with epoxy; grounded, 
polished to 0.4 m 

SW Fluence and standard 
error (atoms/cm2) 

number of 
analyses 

Reference ion 
implant 

12C (6.35  0.17)  1012 9 
13C:  (LANL 04/2005) 
Los Alamos Nat. Lab.  

14N (1.14  0.06)  1012 7 
15N: (LK 09/2007) 
Leonard Kroko Inc.  

16O (1.20  0.06)  1013 5 
18O: (LK 09/2007) 
Leonard Kroko Inc. 

Resulting depth profiles for:  

C N 

Calibration of the reference ion implants 

O 

N fluence and the advantage of back-side depth 
profiling for SW analyses 

Frontside Genesis N depth profile [from 6] 

In contrast, backside depth profiling with a low energy primary ion beam results in a 
nearly complete and surface-contamination-free SW profile  

N fluence of this work disagrees by a 
factor of >2 from [6]  (2.6 0.4N/cm2) in 
spite of the same reference implant  

In [6]  target sputtered from frontside  
with 20keV impact E;  SW profile 
entirely masked by gardened-in 
surface contamination; after 
significant correction, fluences 
estimated using SRIM 

Accurate SW abundances require accurate standards or ‘How to calibrate an ion implant’ 

A) Cross-calibration of ion implants 

• 4 different implants for each element 
 from different ion implant facilities 
• Identical analytical conditions, sample 
 exchange after each measurement 
• Reproducibility of fluence of a given 
 implant 0.5-2% 
• Deviation in Table 2 is relative to the 
 reference ion implant (Table 1) 

18O  13C 15N 
% deviation from 

LK 09/2007 LANL 04/2005 LK 09/2007 

 LK 08/2008 7  2  LK 08/2008 18  2 
 Cutting Edge 
 Ions  -16  1 

 Hughes Res. 
 Lab. 9/1999 -22  2 

 Cutting Edge 
 Ions  0  1 

 Hughes Res.   
 Lab. 09/1999 -36  1 

 CORE  
 Systems  -10  3 

 CORE 
 Systems -5  1  LK 11/2012 -12  1 

B) N implant in Au measured by total extraction gas mass spectrometry 

Table 2 
Results 

• Measured fluences spread from nominal implant fluence 
 by 29% for 18O, 23% for 13C, 36% for 15N 
•Carbon best reproducibility in 3 out of 4 implants 
•Leonard Kroko Inc. (LK) implants are 20% higher for C, N, 
 O compared to other implant facilities – Real ? We do 
 not know  yet! 

In summary, don’t trust the nominal fluence of an ion 
implant that is not otherwise certified 

• N implant in Au surrounded by Si:  Nominal fluence: 1 1015 15N/cm2 at 100keV  
• 16% backscatter loss of 15N from Au based on SRIM (at these energies backscatter loss can be precisely modeled 
 with SRIM [7]. 
• Au: measured by total extraction using a gas mass spectrometer and the fluence is inferred from precise area 
 measurement of the Au target.  
• Si: measured by SIMS: no 14N is implanted with 15N, thus 15N background correction is via 14N and terrestrial N 
 isotopic composition. 
• Status: The experiment must be repeated because of analytical difficulties. Is it possible to extract N from 
 other targets than gold? 

2.5 cm 

C) C and O calibration via precise ion implantation  
• Ion implantation at CSNSM using SIDONIE 
 (=electromagnetic mass separator for 
 high purity targets for nuclear physics [8] 
• 13C, 18O enriched gases 
•Beam size precisely measured, beam 
 intensity monitored 
• Potential interfering isotopes and 
 molecules quantified before and after 
 implant by mass scans 
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• 3 different implants for each 13C and 18O 
• Absolute dose also crosscheck by nuclear method 
• Expected relative error of the dose is  < 1% (will be tested with 3 
 implants  per isotope   
• Contribution of molecular interference to the implanted species  
 is expected to be < 1% for all implants 

13C 

13C-18O 13C-16O 

1” Si disks 

18O 

13C-18O 18O-18O 

Dose: 1.09 x 1015  per nucleon per cm2 
Energy: 40 keV/amu  


