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Introduction: The Genesis Discovery Mission re-
turned to Earth solar wind that was collected in passive
substrates over 853 days from 2001 to 2004, in the
declining phase of solar cycle 23, at Earth-Sun Lagran-
gian point, L1. Over 300 collectors, comprised of 9
high-purity materials, were exposed to the solar wind
under 4 conditions: bulk solar wind or the individual
regimes: coronal hole solar wind (CH, high speed),
interstream solar wind (IS, low speed) or coronal mass
ejections (CMEs). Regime samples are important for
the interpretation of bulk solar wind results because
each type of solar wind represents a different set of
solar processes. The mission is described in [1]. The
collector materials are described in [2]. Reisenfeld et
al. [3] documented the in situ solar wind during the
collection period, concluding that the state of the solar
wind was typical of conditions over the past 4 solar
cycles.

Quest to Develop a Useful Ellipsometry Model
for Silicon Collectors: The pre-flight purpose of el-
lipsometry was for Curation to assess molecular film
contamination on Genesis returned collectors. Howev-
er, on flown samples, ellipsometry data was difficult to
model, suggesting structural changes induced by solar
wind [4, 5, 6, 7]. The current effort is to investigate
silicon surface oxide formation from aging and from
handling (e.g., cleaning, analysis, etc). The intent is to
define the parameters needed for ellipsometry models.
That is, obtaining thicknesses and characteristics of
surface layers to be modeled, from TEM cross-sections
of typical collectors. Keller and Rahman produced a
TEM cross-section of sample 61202, a bulk solar wind
in Czochralski silicon (Fig. 1).

In the associated EDX element maps (Fig. 2) chem-
istry can be correlated with features in the TEM image.
A thin native oxide layer is visible on the O map at the
solar wind collection surface. The distinct amorphous
silicon (a-Si) layer (layer 3 in Fig. 1) extending 15-16
nm below the surface appears less intense on the sili-
con element map (less dense?) than the strained crys-
talline silicon below.

TEM cross-sectional observations are also planned
for the individual solar wind regimes. The TEM and
EDX results from cross-sections of coronal hole, inter-
stream and coronal mass ejection regime samples will
likely show differences relatable to fluence and veloci-

ty distributions of the solar wind samples; e.g., the
thickness of the a-Si and the zone of strained silicon.
Any differences in thickness of these layers can be in-
ter-compared directly because the silicon substrates
form a standardized set comprised of pure CZ single
crystal orientation 1-0-0.
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Fig. 1. TEM cross-section of CZ bulk solar wind sam-
ple 61202. Red line marks solar wind surface. Layer 2
is thin platinum marker (5-10 nm). Layer 1 is a protec-
tive carbon strap. Layer 3 a-Si (15-16 nm). Layer 4
strained silicon crystal (55-60 nm). Layer 5 crystalline
silicon (confirmed by XRD).
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Fig. 2. Energy disperlv ps from FIB section.
Light blue line marks bottom of Pt layer.

In situ Solar Wind Measurements: [3] discusses
in situ solar wind measurements taken during the Gen-
esis collection period from (1) the onboard Genesis lon
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Monitor (GIM) and (2) the Solar Wind lon Composi-
tion Spectrometer (SWICS) onboard the Advanced
Composition Explorer (ACE), a spacecraft located at a
similar distance from the Sun in the ecliptic. GIM mon-
itored H and He; SWICS gave a broader characteriza-
tion of the solar wind, including heavy ion data. Re-
sults from [3] for solar wind H and He fluences are in
Table 1. Fig. 3 compares regime H-ion fluence and
velocity distributions. Damage to the substrate can be
calculated for SW ion implantation by relating velocity
to impact energy (i.e., E=1/2mv?). Between CME and
bulk regimes there is a 5-fold increase in H fluence and
a similar peak position, for example, if one wanted to
compare amorphization with H fluence.
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Fig. 3. Proton speed vs fluence measured by GIM [3].
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What’s next? Curation plans to monitor oxide
formation with aging (and sample handling/use) in sili-
con using ellipsometry models based upon the layer
thickness and structural information from TEM cross-
sections. There may be other uses as well. Calaway et
al. [7] identified a-Si in a fragment welded to a Genesis
B/C collector, but did not see a continuous amorphous
layer in the primary substrate. That earlier fragment
may have been anomalous (e.g. partially shielded from
SW by the wall of the cannister’s lid) so that there
wasn’t enough damage for the o-Si to form. Alterna-
tively, o-Si may either form intermittently, the layer of
a-Si may form over time. These or other mechanisms
can be investigated by re-analysis of the samples from
[7]. Titov et al. [9] discusses formation of a-Si from
ion-implant damage and found that it begins below the
oxide layer and requires a threshold fluence. Although
a-Si growth may stimulate radiation induced segrega-
tion (e.g., [10]) which may or may not effect SW reten-
tion [11], it may also protect SW in the collectors. For
example, Paramasivan et al. [12] found that aggressive
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cleaning removed significantly less silicon than ex-
pected from a Si collector, and that lower etch rate
seemed to be related to the SW H. If the o-Si layer is
only intermittently present, better ellipsometry models
may eventually allow Curation to identify fragments
having an a-Si layer at a PI’s request.

Thickness (and presence or absence) of layers ob-
served in regime samples can be compared with those
measured in Fig. 1. Using this unique database of
standard silicon substrates irradiated by known fluence,
velocity and particle composition, Genesis PI’s can
begin to fully characterize the physical and chemical
changes that solar wind collection produced in silicon
collectors.

Ellipsometry modeling will eventually include ad-
ditional cross-sections of other materials such as sap-
phire and silicon on sapphire. As yet, we know little
about the structural changes solar wind collection has
on these materials and how they will effect solar wind
measurement. We do know, by observation, that flight
silicon on sapphire has very different chemical proper-
ties than non-flight material [13]. So, in addition to
aiding ellipsometry, a database of TEM sections of
non-silicate Genesis collectors should give both Gene-
sis Curation and individual Pls information they need
to handle and analyze these precious samples in the
most efficient and non-destructive manner.
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Table 1 H and He fluences (~98% of the solar wind) by regime, comparing GIM, ACE and sample analysis

Regime | Duration, | GIM H Fluence | ACE H Fluence | GIM He Fluence | ACE He Fluence | Sample analysis[8] He
days X105cm- X105cm- X10%cm-? X10%cm- Fluence X10%cm
Bulk 853 20.6 21.3 8.09 8.58 8.29
IS 334 9.15 9.35 3.19 4.08 3.15
CH 313 6.40 6.33 2.52 2.12 2.57
CME 193 4.73 5.26 2.26 2.26 2.53
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