
Routine Quantitative Analysis Using the 
Thermo Scientific MagnaRay
Patrick Camus, Ph.D., Thermo Fisher Scientific, Madison, WI, USA

Abstract

Composition quantification has historically been the
primary application of wavelength dispersive spectrometry
(WDS) analyses. Especially important for many decades is
the capability to analyze very low concentrations at very
high accuracies in an electron probe micro analyzer (EPMA)
systems. Less frequent but equally important analyses have
involved peak identification or confirmation when energy-
dispersive spectrometry (EDS) peaks overlap. All WDS
systems are required to perform these and other capabilities
at the highest levels. The Thermo Scientific MagnaRay is
the latest WDS spectrometer that meets and exceeds these
capabilities and brings a new level of ease to composition
quantification in the SEM. 

Background

Composition quantification is most accurately performed
using the full-standards method of acquisition, as has been
the case for the past 50 years. This technique requires the
collection of the required characteristic elemental X-rays
from a series of standard materials with known composition
and well characterized excitation settings and detection
geometry, and collection of the same characteristic elemental
X-rays of the material with unknown composition collected
under exactly the same excitation settings and detection
geometry. Net X-ray intensity values are then ratioed and
matrix corrections are applied in software to determine
the composition. The precision which the analyst reproduces
the experiment and the system collects the data will
markedly affect the quality of the results. Consistency and
reproducibility are paramount for good data collection
and high quality results.

As indicated, a series of standard materials are
required which contains all of the elements required for
the composition determination. For metallic samples of
unknown composition, pure-metal standards are typically
used. For geological samples of unknown composition, a
series of mixed-element samples with well characterized
compositions are typically used. These can be obtained
from a number of commercial suppliers of SEM accessories.

The reproducibility and precision of the composition
quantification depends upon the reproducibility of the
excitation settings and detection geometry. These settings
are under control of the operator and quality of the final
results depends on the amount of care that the operator
takes in reproducing the acquisition settings between the
standards and the unknowns. The most important excitation

setting is the use of the same beam voltage. It would be
expected that the same beam current would also be
needed to reference the unknown to the standards, but an
accurate beam current measurement normalizes the effect
and its variation does not matter. Detection geometry
should be reproduced as closely as possible to ensure that
all corrections used in the quantification software routines
are consistent. These typically include, analyzed sample
volume, sample working distance, sample tilt, detector
take-off-angle, and detector location and electronics settings.
Consistency in these parameters will lead to more accurate
and precise results; by the same token, sloppy procedures
will lead to imprecise results.

A modern microanalysis system should automate 
or compensate for as many of the flexible settings as
possible, like the beam current normalization removes the
constant beam current acquisition requirement. Many of
the steps performed by the Thermo Scientific NORAN
System 7 (NS7) software and the MagnaRay WDS system
are described below.

Procedure

The most accurate process actually starts before the sample
is inserted in to the SEM. For optimal quantification, a
standard reference sample containing all of the elements of
interest must be available. A number of commercial sources
are available that provide a traceable purity certification
for each standard in the sample block. The next step is to
prepare the sample with a very flat surface. Although
there are rough surface approximation routines available
for quantitative analyses, the most precise quantification
method requires a flat surface on the sample. Standard
metallographic polishing of the sample using a final abrasive
below 1 µm is typical. Final cleaning of the sample to
remove any polishing residue is also important.

The complete composition quantification process
includes 4 primary procedures: Standard Samples Setup,
Standard Samples Acquisition, Unknown Sample Setup,
and Unknown Sample Acquisition. These steps are the
same in scope but slightly different in implementation
between EDS and WDS analyses.

The first step is for the user to define and set the
excitation conditions and to set the detection geometry.
The excitation conditions obviously include beam voltage
and current of the SEM. The detection geometry includes
placing the flat sample at the designated working distance
and inserting the detector to the analytical location.
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Standard Samples Setup

Setup is a two-stage process: creating a “software” standard
in an NS7 database and assigning that standard to an
element of interest. This process is basically the same for
both EDS and WDS, although the exact steps are different.

A composition standard is created by describing the
standard material and listing the known elemental
compositions. It is possible to have multiple standards for
each element at a given beam voltage. There is also the
ability to save the current stage location for automated
acquisition in the next step. 

For each of the elements to be quantified, select the 
X-ray line type, WDS diffractor and standard created
above. Most elemental line types have only a single
possibility, but some have a choice; the diffractor with the
smaller spacing has the better spectral resolution while the
diffractor with the larger spacing has higher X-ray count
intensity. The elemental peak energy and the upper and
lower background energy values are set to factory default
values. The minimum and maximum acquisition times are
also set to default factory values, as well as the statistical
termination value. The electronics settings for optimum 
X-ray detection are preset with factory default settings. 
All of the factory default settings can be over ridden by the
user, but typically there is no need as the factory settings
are optimized for the operation of the MagnaRay.

Additional optional settings are user selectable for
specialized acquisitions: Peak Search and Intensity Average.
Peak Search will search for the maximum in the peak energy
to compensate for any calibration or chemically-induced
energy shifts and sets the peak location accordingly. The
Average selection permits any number of acquisitions to
be collected to compensate for sample variations.

Standard Samples Acquisition

Once the standards have been input into the database and
assigned to each element, the standard intensities need to
be collected. Before that occurs, a few minor tasks are
required to both optimize the signal and to automate the
acquisition.

All WDS spectrometers are fully focusing to improve
the X-ray intensity. To detect the highest intensity, the
magnification of the SEM should be at least 1,000× with
10,000× being preferable.

The MagnaRay spectrometer has cylindrical-symmetry
focus and optimum X-ray intensities are collected when
the spectrometer slide is aligned. Enabling the Auto
Alignment option will cause the software to automatically
optimize the intensity with no input by the user.

If the beam current measurement is not automated, 
an accurate reading should be acquired for the highest
precision. If it is automated, no specific action is needed
by the user.

Once all of the options are validated, the user clicks
the Start button and the acquisition of all of the standards
proceeds. The SEM stage moves to the next standard. The
spectrometer slide aligns for maximum intensity. The beam
current is measure, if automated. Finally the peak and
background intensities are measured and stored for later
use. When completed, the system proceeds to the next
element in the list without user intervention or assistance.

Unknown Sample Setup

The setup for WDS analysis for the unknown is not much
different than for EDS analysis. Move to the unknown
sample location. Use stage automation to store the
location(s) if multiple acquisitions are desired. Add each
stored elemental standard from the above step to the active
element database. Select the WDS slide Auto Alignment
option as required.

The most important and unique step is to edit the
Acquisition Properties to select the Acquire WDS with
EDS option.

Unknown Sample Acquisition

To acquire WDS intensities on the unknown sample,
validate that the beam current value is current if it is not
automated; change the magnification to at least 1,000×;
start the EDS acquisition with the appropriate start button
for a single acquisition or Analysis Automation.

If automation is selected, the SEM stage will move to
the appropriate stage location. An EDS spectrum will be
collected, which includes a beam current measurement if
automated. The WDS acquisition will precede for each
selected element, collecting the peak and background
intensities as needed. The intensity values are stored in 
the EMSA spectral file along with the final composition
quantification values. No further user intervention or
assistance is needed.

Results

Composition quantification was performed on a series of
samples under a variety of typical automation settings.
Stage automation was used to collect all of the standards
for a sample in one unattended acquisition. Repetitive
acquisitions were performed at a number of different
sample locations to investigate acquisition consistency. 

A 160A stainless steel standard reference sample was
analyzed for chemical homogeneity with a W-filament
SEM operated at 20 keV. The beam current was typically
between 40 and 80 nA to reduce the collection time of the
acquisitions. Since the primary elements present in the
material are Fe, Ni, Cr, Mn, Mo, and Si, pure metal reference
standards were used to collect standardized intensities.

All standards and unknowns were collected for a
minimum of 5 and a maximum of 60 seconds, although
normal termination occurred when the statistical threshold
of 1% relative uncertainty in the intensity was obtained,
i.e., the peak amplitude exceeded 10,000 counts. These
are typical values for normal analyses, but may be easily
modified if higher precision analyses are required.
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A simple but effective measure of the quantification
precision is presenting the cumulative composition of all
of the elements of interest. When analyzing all of the
major elemental constituents of a sample, the cumulative
composition should be 100%. In practice, the precision is
related to the quality of the measurement and the attention
to detail provided by the user, but should be better than 
±2% absolute.

In the first experiment, a single quantitative analysis was
performed on each particle of 160A that is in the standards
block. Analysis automation was used to automatically drive
the stage to each particle location. Then the normal WDS
quantification routine was performed which included an
automatic WDS slide alignment step. The results of the
precision of the analyses are presented in Figure 1.

The average cumulative composition for the 6 elements
in the 16 particles is 100.78 ± 0.07 wt%. The value is
very close to the expected value of 100 wt% and the
deviation is very small considering the possibility of slight
compositional heterogeneities possible in metallic alloys.

In the second experiment, a quantitative analysis was
performed at each location in a 5x5 grid on a single particle
of 160A that is in the standards block. Analysis automation
was used to automatically drive the stage to each location.
Because the stage distance travelled for the complete grid
was so small (<100 µm), the operator performed a single
automatic WDS slide alignment before the quantification
process and not for each stage location. The WDS
quantification routine was performed for all 6 elements at
each point. The results of the precision of the composition
quantification are presented in Figure 2.

The average cumulative composition for the 6 elements
for the 25 locations is 100.80 ± 0.06 wt%. The value is
very close to the expected value of 100 wt% and the
deviation is very small, even with the inclusion of an
obvious outlier data point.

The average compositions for each of the 3 major 
(>10 wt%) elements in the sample were within 5 % relative
while the 3 minor (<10 wt%) and trace (<1 wt%) elements
were less than 20% relative error. The composition variation
of the each element (relative standard deviation) was less
than 6% relative. These vales are very good and within the
expected analytical variation of WDS analyses on metals in
an SEM, and are better than typical EDS analysis results.

Summary

The MagnaRay WDS system removes most of the tedium
associated with WDS full-standards quantification by having
very accurate default operating settings, and using the
advanced automation options of the EDS system for column,
stage and beam current measurements. The precision and
accuracy of the composition quantification results is
similar to those provided by traditional EPMA systems.

Conclusions

Quantitative compositional analyses are easily performed
at high accuracy and precision using the MagnaRay 
WDS system. 
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