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We describe a method for quantitatively
determining the fluences of shallowly-implanted
solar wind (SW) ions returned to Earth by the
Genesis Discovery mission [1,2]. Through backside
depth-profiling, we can recover nearly complete
depth profiles of implanted SW for several non-
volatile elements including Mg, Al, Ca, Cr, and to a
lesser extent, Na, in Genesis targets that collected
bulk SW and solar wind from specific velocity

regimes. We also determine fluences of the volatile
elements C, N, and O in non-concentrated targets
that collected bulk solar wind. Fluences as low as
2×1010 atoms/cm2 can be determined with
precision and accuracy typically in the few percent
range. Specific approaches to sample preparation,
sputtering artifacts during in-depth analysis by
secondary ion mass spectrometry, and
quantification are discussed [3].

Backside depth profiling

Edge-on view of a backside sample. The gray-scale
gradient in the Si target mimics SW concentration
distribution with the highest concentration close to the
front-side.

Bulk SW Si fragment. A: front side; B: the respective
backside ground to ~1 µm thickness. Newton's rings reflect
the topography of sample. The flat area (lower middle in B)
is sufficient for many SIMS analyses.

800nm  is the optimum thickness of a backside 
sample: sufficient space between contamination of 
rear surface and high energy tail of SW (600 nm 
from front-side) for  accurate background-level 
characterization at reasonable sputter time

Documentation of the original sample surface to 
avoid "breakthrough” by hidden scratches
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Area and sputter pit
are without marks up
to 3000s (a,b); >3100s
a hole opened (c,d) and
created a pathway to
surface and epoxy,
from which ions conta-
minated the measured
SW signal.

SIMS analytical 
conditions

Low impact energy sputtering results in high depth resolution
Flat-bottomed crater for uniform break-through at the end of analysis

C, N, O Na, Mg, 
Al, Ca, Cr

Cameca 7f-Geo 
(Caltech)

IMS-1270 
(UCLA)

Primary 
beam Cs+ O2

+

Impact 
energy 5 keV 7  keV

Raster 
(µm2) 100 x 100 100 x 100

Field 
aperture 12 µm 40 µm

e- gating 50-70% none

O2 flood no 1.1×10-5

(Torr)
Sputter 
rates (S) 0.1 – 0.24 nm/s

M/∆M Adjusted to the 
respective element

40Ca+ depth profile measured in fast SW vs. number of cycles (∆d=0.5nm per cycle).
Different gray-scales in the photographs (taken during analysis) reflect changes in
reflectivity as the beam penetrated through the fringes in Si into the epoxy and were
used to assess the flatness of the crater bottom. The break-through through the surface
into epoxy is characterized by an immediate and strong increase of the count rate (red)
due to the contaminating ions.

Sample analysis

Data reduction in backside 
depth profiles

Analytical procedure for backside depth profiling: 1:
125µm raster removed surface contamination; 2-4:
100µm analysis raster: in 1 and 2 the isotope of
interest and Si were measured; in 3 only the former.
Upon completion of 3 Si was measured near-by (4).

Each element was measured separa-
tely (except Mg, Na) to maximize 
data coverage over SW peak and 
down the front-side of the profile.

Standard-sample bracketing applied 
(standards: artificial implants, 
derivation of S and RSF [5]); this 
procedure is crucial for SW regime 
analysis: relative fluences may differ 
by only some to ~10% [6,7]

An increased mobility of Na in Si can 
be exclude based on our data.

23Na+, 24Mg+ and Si+ were detected during entire
analysis. At peak, Si+ is slightly suppressed due to
SW H. Na break-through is always ~8 nm earlier
than Mg, reflecting the more widespread conta-
mination due to Na.

References: [1] Burnett, D.S., et al., (2003) SSR 105: p. 509-534. [2] Reisenfeld, D.B., et al., (2013) SSR. [3] Heber, V.S., et al., (2014 (in prep.)) Chem. Geol. [4] CME = coronal 
mass ejection. [5] Sputter rate S and Relative sensitivity factor RSF. [6] Heber, V.S., et al. (2009)  40th LPSC. # 2503. [7] Heber, V.S., et al. (2013)  44th LPSC. # 3028. [8] SRIM = 
Stopping and Range of Ions in Matter; Ziegler, J.F., (2004) Nucl. Instr. Meth. Phys. Res. 219/220: p. 1027-1036. [8] Heber, V.S., et al. (2014)  45th LPSC. #2117.

Figs. 1 and 2 present examples of measured backside depth profiles in
comparison with the respective SRIM model curves (blue, Fig. 1) and in
Fig. 2 with the respective fits used to extrapolate from the last "good"
measured point to the real target surface for DE (=distance) and FE. e, f
depict profiles with no or few data at the front-side. Here complete
profiles of Mg (of the same SW regime) was used to obtain the fitting
parameters.

C,N,O break-through into the SiO2 layer and epoxy occurred 
near the peak in all profiles.

Mg, Ca, Cr, Al resulted in nearly complete profiles, Na was in-
between.





For accurate fluences we must account for incomplete recovery of the
entire depth profile: by adjustment of SRIM curve [2, 8] ? No ! None of
the measured curves entirely agrees with their model curves (Fig. 1). A
data fitting procedure is required (Fig. 1f, 2).

Total fluence FT = FLL + FE

FLL = lower limit fluence = integration of all measured data of the depth
profile up to the point of break-through.

FE = estimated fluence from the near-surface, unrecovered portion of the
profile, by extrapolation of a quadratic polynomial to the original sample
surface, a procedure verified by nearly complete Mg depth profiles.

We documented our approach for quantitatively analyzing
fluences of shallowly-implanted SW ions. Main analytical
challenges overcome by backside depth-profiling are mixing of
residual surface contaminants into the SW signal and transient
sputtering. With low impact energy sputtering we recover
nearly complete depth profiles of non-volatile elements, and ~
80% complete profiles for C,N,O. Careful modeling allows to
obtain precise integrated depth profiles for all 8 elements
investigated here.

Please see POSTER at location #555 (R730) for results
and implications on solar abundances and SW fractionation [8].

Summary

40Ca+ in CME [4] 23Na+, 24Mg+ in fast SW 
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