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M t i l d M th dMaterials and Methods

• The flight samples and spares are now being 
analyzed using x-ray reflectivity and grazing 
incidence x ray fluorescence at APS GSECARSincidence x-ray fluorescence at APS GSECARS 
sector 13. 



Surface 
Contamination

Å

Si Thin Film

10
00

Å

Implanted Solar 
Wind

Sapphire Substrate



Quad Silicon Drift Detector
“Vortex from SII”

Near Aperture

Silicon Drift Detector 
Elements

He Inlet

Near Aperture 
(Ag 99.99% Pure)

Silver Foil Cone

Sample 
Location

Far Aperture

Nylon Support Frame

Removable 
Centering Pin

Quad Collimating Aperture 
Detector Distance 30 mm 
Field of View 8 mm

Be Window



1.0

0.8
One Element
Four Element

t
/

0.4

0.6

O

0.2

Incident Flux [arbitrary]
0 100 200 300 400 500

O
b

d

0.0

Comparison of count rate performance of the 
one and four element silicon multi-cathode 
detector operating at the same energydetector operating at the same energy 
resolution.  



( ) M d d l l t d fl ti it f(a) Measured and calculated x-ray reflectivity curves for 
sample 60230 (SoS).  (b) The calculated x-ray standing 
wave intensity variation inside the film as a function of the 

( )incident x-ray angle at various depth positions. (c) 
Calculated fluorescence yield from implanted atoms. 



Features near θCFeatures near θC
Critical angle θC~0.2

f i θTotal external reflection below θC

Fe near surface Fe above substrate implanted Fe 
near surface



Fe concentration for SAP



New Internal Reference Approach

• Due to its crystal structure and stoichiometry, 
the number of Al atoms per unit volume in the p
Al2O3 substrate can be calculated (4.690x1022

Al/cm3). 
• As the electric field intensity variation and 

attenuation length can be readily obtained, the 
fl i t it f b t t l tfluorescence intensity from substrate elements 
can be used as an internal standard to calibrate 
the fluorescence intensity from an element ofthe fluorescence intensity from an element of 
interest. 



Modeling Fe Distributiong
The fluorescent yield for a particular element as a function of 
incident angle θ is given by:

Y (θ) F I(θ )N( ) −z / la G(θ)d
zmax

∫

incident angle θ is given by:

Y (θ) = F I(θ,z)N(z)e / la G(θ)dz
zmin

∫

N(z) = abundance depth profile of the fluorescing element, 
la = the attenuation length, 
I(θ ) th l t i fi ld i t it t d th d l θI(θ, z) = the electric field intensity at depth z and angle θ,
F = the x-ray energy-, element-, and setup-dependent factor,
G(θ) = the footprint correction that accounts for the change with θ,
I(θ z) is calculated using Parratt’s recursive formalism with the parametersI(θ, z) is calculated using Parratt s recursive formalism with the parameters 
obtained from the reflectivity fits. 



S h ti i i th l t dSchematic summarizing the element and 
energy dependent factors included in the 

Fe in Al2O3 data analysis (F in Eq. 1).



Additional FactorsAdditional Factors
• I(Al-Kα) and I(Fe-Kα) are proportional to the 

element-dependent and incident-energy-
dependent cross-section σ(E0), the fluorescence 
yield ω the transmission ratios from the sampleyield ωK, the transmission ratios from the sample 
surface to the detector, and the detector 
efficiency. 

• σ(E0) and ωK, are well documented 
• The attenuation inside the sample is included in 

E 1Eq. 1. 
• For each fluorescence emission, the different 

transmission rate from the sample surface to thetransmission rate from the sample surface to the 
fluorescence detector can be determined as the 
distance and materials between them are known.



Implant ExampleImplant Example



New Internal Standard Method

• We measured both an SAP (50722) and ( )
an Si (60171) at 4 energies (11.5, 8.8, 
7.6, 5.1 keV).)

• One model was used to fit 3 sets of data 
simultaneously. (In the examples on thesimultaneously. (In the examples on the 
next two slides, we excluded the 5.1 
keV data.)keV data.)



SAP (flown sapphire)

Al fluorescence

Scales
top: angle in degreesp g g
bottom: qz in inverse Angstroms
left: normalized intensity

Fe fluorescence

two Al, Fe depth profiles used p p
for the six data sets

Fe: 1.6e12 atoms/cm^2



Si (flown Silicon)

Si fluorescence

Scales
top: angle in degreesp g g
bottom: qz in inverse Angstroms
left: normalized intensity

Fe fluorescence

two Si, Fe depth profiles used p p
for the six data sets

Fe: 1.9e12 atoms/cm^2



Fe concentration for SAPFe concentration for SAP
As reported in Kitts et al, 2009, using the Standard 
Method, there is a systematic variation of 
approximately 5% added to the measurement 
depending on the standard used thus:depending on the standard used thus:  

Feflown= 1.6 ± 0. 4 e12/cm2Feflown  1.6 0. 4 e /cm

Using our new self-consistent internal g
standardization (assuming perfect sapphire 
crystal):  

Feflown = 1.6 ± 0.2 e12/cm2



Fe concentration for SiFe concentration for Si

Using our new self-consistent internal g
standardization (assuming perfect silicon crystal):  

F 1 9 ± 0 3 12/ 2Feflown = 1.9 ± 0.3 e12/cm2



SIMS Fe fluences (Burnett et al )SIMS Fe fluences (Burnett et al.)
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