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Presentation Notes
This webinar will discuss issues related to performing compositional quantification using WDS in an SEM.
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Agenda

* Advantages of WDS
* Benefits to Quantification

* Results

« WDS Advantages
« WDS Quantification

* Questions

* Only 15-20 minutes
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The agenda is as follows:
-The general advantages of the WDS technique, mostly compared to the EDS technique, to analysts when using an SEM.
-A discussion of the benefits that these advantages provide to the analyst and the data that is reported.
-A presentation of results illustrating some of the advantages, followed by the advantages of WDS for composition quantification.

A Question and Answer period will follow.
This webinar is scheduled for only 15-20 minutes.


Advantages of WDS Hardware

* High peak-to-background
* Low-energy x-ray intensity (cps/nA)
 Better energy spectral resolution.
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High peak-to-background
The advantage is really due to the very low background signal of the technique. 
Bremsstraulung background, which is significant in EDS, is not an issue for WDS. 
Background in WDS is a function of diffractor/analyzer crystal angle and not energy like for EDS.
Especially significant for low energy x-rays which have a high background.
Low-energy x-ray intensity (cps/nA) compared to EDS
Especially high intensity for WDS for B, C, N, O.
EDS window absorption decreases detected EDS intensity especially at low energies.
At high energies, WDS intensity can be either higher or lower than EDS depending upon the diffractor and the x-ray energy.
Better energy spectral resolution. 
WDS resolution vary from 2-40 eV and is ~3-20x better than EDS at the same energy
A WDS spectrum can uniquely separate most peaks which are overlapped in EDS spectrum. No software routines needed for deconvolution.


Benefits to Composition Quantification

* More accurate low composition (trace)
measurements.

* More precise EDS peak overlap composition
measurements.

* More precise low beam energy composition
measurements.
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More accurate low composition (trace) measurements. 
Practical composition limit in EDS is ~0.5 wt%, WDS ~ 0.1 wt%.
Detection and measurement of a very small peak is much easier when there is a much lower background intensity.
More precise EDS peak overlap composition measurements. 
Peak separations by WDS provides better intensity measurements.
Complex peak deconvolution routines are needed for EDS which can contribute to uncertainty in the measurements.
More precise low beam energy composition measurements. 
Low beam energy means that well separated high energy x-rays cannot be used but only low energy x-rays, which have a higher chance at overlap.
Overlaps are a much lower concern for WDS, so intensity measures are more accurate.
Background intensities are lower for WDS especially for low x-ray energies.
Composition quantification results using WDS are more precise when collected under low beam energy SEM conditions.



System Requirements for Full-Standards Quantification

* Intensities measured for each potential element on
reference materials

* Intensities measured for each potential element on
sample material

e Beam current measurement hardware
e Standard reference materials
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WDS quantification requires very similar operational techniques as full-standards quantification using EDS.
For full-standard quantification, standard elemental intensities are measured on one or more reference materials for all of the elements in the unknown sample. Then the elemental intensities are measured for each element in the unknown material.
The standard and unknown intensity are normalized to the electron beam current, so it must be measured to better than 1% for each analysis.
Full-standards quantification is more time consuming, but provides better precision in the results that standardless quantification routines.
Beam current measurement hardware is a requirement. That usually consists of a Faraday cup and a picoammeter. It is operationally simpler to have an SEM with an in-column beam measuring device, but a stage mounted device can also be used.
At least one set of standard reference materials should be available for elemental standard intensity measurements. If the primary sample types are metals, a metal standard block should be available. If geological standards are typically analyzed, a minerals standard block should be available.


B
Results

e Low-Energy Intensity

* Enhanced Resolution

* Trace element detection

» Geological Quantification

 Steel Quantification

* Low-energy quantification

* Low beam voltage guantification
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Some results will be shown illustrating the advantages and benefits of the WDS technique, then show how these benefits provide high precision quantification results.


Low-energy WDS Intensity

WDS-to-EDS Spectrum VFS Ratio
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This figure shows the ratio of WDS spectrum peak amplitude to the EDS spectrum peak amplitude collected under identical SEM operating conditions.
At low energies, there is an overlap of K and L x-ray lines.
At very low energies, the MagnaRay spectrometer is much more sensitive to x-ray detection than an EDS detector.
The sensitivity ratio depends on the diffractor used.
The ratio varies with x-ray energy, seemingly monotonically increasing.


Enhanced Resolution via Diffractors

Full scale counts: 4904 [ ] Beryl{1)
B Beryl-PET{1)
O Beryl-TAP{1)
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This figure shows the EDS spectrum of Beryl with 2 WDS spectra using different diffractors. 
Both WDS diffractors show narrower peaks than the EDS peaks.
The PET diffractor show narrower peaks than the TAP diffractor for Al-K and Si-K.
WDS has better spectral resolution for separating overlapped EDS peaks.


Enhanced Resolution for Peak Separation

Full scale counts: 1153 [] 160A - EDS(1)
B 160A - WDS(1)
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This figure shows the WDS spectrum overlaid on an EDS spectrum of the Cr-Mn overlap in a steel.
The WDS resolution is not good enough to fully separate the peaks to baseline, but can easily resolve the individual peak amplitudes for quantitative purposes.


B
Trace Element Detection
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This figure shows a WDS spectral scan of a very small amplitude Nb peak overlaid on the EDS spectrum of an Aluminum mineral.
The Nb content is very low and the peak is barely detectable using this spectrum scaling.


Trace Element Detection — 2
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This figure contains the same spectral data as the previous figure but has adjusted the scaling to more clearly show the Nb peaks.
The EDS background intensity of the Nb is quite high at ~75 counts.
The peak-to-background of the EDS is ~2:1.
The peak-to-background of the WDS spectrum is ~4:1.
The better peak-to-background ratio of the WDS provides better detection and quantification of trace elements than EDS.


Geological Quantification

W1t% Phlogopite| Diopside Pyrite Barite Hematite
O 45.92 45.39 0.00 27.46 32.39
Mg 14.50 9.17 0.00 0.00 0.01
Al 10.80 3.68 0.00 0.00 0.01
Si 17.41 22.81 0.00 0.00 0.00
S 0.00 0.02 52.57 13.67 0.1
K 8.89 0.00 0.00 0.00 0.01
Ca 0.02 18.31 0.00 0.00 0.00
Fe 1.58 1.01 49.28 0.00 66.58
Ba 0.46 0.11 0.00 58.75 0.01
Total 99.58 100.50 101.85 99.88 990.11
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This slide contains a summary of the elemental composition quantifications of a number of phases in a single geological sample. Options are provided to either move the stage or the beam to analyze each region in succession.
Note that all elements were analyzed for all materials, even of the composition approached zero composition.
The oxygen content was measured directly from intensity not via a compound or ratio method.
The deviation of the total composition from 100% is an indication of the quality of the analysis; preferred range is 100+- 2%.



Steel Quantification Quality

160A 6-Element WD S Quantification
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This figure shows the quality of the elemental composition quantification for 25 analyses of 6 elements at 25 different positions on the same steel sample.
The uniformity of the total composition is extremely good, even with the single outlier data point.
Since each sample location was not previewed prior to acquisition, it is expected that the sample surface geometry is not flat for that particular outlier location and adversely affected the intensity measurement.


Steel Quantification Material Consistency
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This figure shows the elemental compositional quantification stability or precision for each of the 6 elements at 16 different stage locations on a steel sample. 
The composition variations of each element are quite small, showing the reproducible nature of the WDS composition measurements.


Steel Quantification Sample Consistency
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This figure shows the elemental compositional quantification stability or precision for each of the 6 elements at 25 different stage locations on a single steel wire sample. 
The composition variations of each element are quite small, showing the reproducible nature of the WDS composition measurements.
Since each sample location was not previewed prior to acquisition, it is expected that the sample surface geometry may not flat for that particular outlier location and adversely affected the intensity measurement.




Low X-ray Energy Quantification

Cu-L Compositions of Cu-Au Wire at 15kV
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Low Beam Voltage Quantification

Alloy 654 Quantification at 5kV
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Summary

* WDS Is complementary to EDS.

 Better spectral resolution helps peak identification
and quantification.

* Lower background helps in trace element
identification and guantification.

 Better low-energy intensity aids low beam voltage
guantification.

* See NS7, MagnaRay WDS, UltraDry EDS, and
QuasOr EBSD in Booth 520 at M&M 2013
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