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Energy Dispersive Spectroscopy (EDS) detectors are 
very useful because they collect X-rays over the entire 
detection range simultaneously. The disadvantage is that 
they spend time collecting X-rays that are not important. 
In addition, their spectral resolution is relatively poor, 
not being able to resolve most peak overlaps.  
 
Wavelength Dispersive Spectrometry (WDS) 
spectrometers are very energy focused in their detection, 
only collecting X-rays of a specific energy at relatively 
high energy resolution, while ignoring all other X-rays. 
A disadvantage is that a diffractor is required to select 
the energy and a mechanical angular variation is 
required to vary the energy of collection. Since there is 
a mechanical limit to the potential angles of each 
spectrometer, several diffractors are needed to cover the 
whole energy range. The energy resolution is different 
for each diffractor and varies with the angle of the 
diffractor. The background signal is typically very  
low, leading to a very high signal-to-noise 
(peak/background); thus these detectors are very good 

at low composition (trace) detection. 
 
Traditional WDS spectrometers physically move the 
diffractors in addition to their rotation when selecting 
the energy. This insertion/retraction travel changes the 
solid angle of detection. When fully inserted, the 
diffractor can intrude into the Scanning Electron 
Microscope (SEM) chamber and needs a large port. 
Parallel Beam Spectrometers (PBS) were developed to 
remove the chamber intrusion restriction and gain the 
ability to mount to more SEM chambers using a small 
EDS port. This was accomplished by using an insertable 
parallel beam forming collimating optic. Since the optic 
is mounted in a fixed location only a few centimeters 
from the sample, the acceptance solid angle of the 
system is quite high. A disadvantage is the need for a 
fine motion alignment stage. 
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PBS also have another advantage over traditional spectrometers: the 
technology of the optic can affect the performance. The initial optics 
were reflective optics, which provided very high intensities but were 
limited in their energy range to ~2 keV, limiting applicability. 
Polycapillary optics provided a full energy range for more flexibility 
but at lower X-ray intensities than reflective optics. The best of both 
worlds is accomplished when the two technologies are combined: high 
low-energy intensity and full energy range flexibility.  
 
Recently, EDAX announced the new Lambda WDS series. This 
innovative product series offers a proprietary X-ray optical module that 
extends the WDS operational energy range, improves energy resolution, 
and significantly enhances the signal to reach lower detection limits. 
  

This novel WDS spectrometer utilizes combined hyperbolic-parabolic 
HCO optical design with a polycapillary transmitter to optimize X-ray 
optics across a wide energy range. It is supplied with a complete and 
fully customized set of diffractors. Lambda spectrometers maintain a 
compact geometry and lightweight design to minimize the installation 
footprint. They do not require a dedicated WDS port and, having a 
compact geometry, they are compatible with additional detectors 
installed on the same SEM. The spectrometers are fully integrated with 
EDS and Electron Backscatter Diffraction detectors using the same 
software interface to provide a complete analytical solution. The new 
WDS product platform features the Lambda Plus and Lambda Super 
WDS spectrometers, covering up to 10 keV and beyond 15 keV energy 
ranges, respectively. 
 
A further technological advancement occurs when double-reflective 
optics are used. Intensity decreases as the number of reflections 
increases. But to complicate the analysis, lower angle reflections are 

more efficient than higher angle reflections. The result is that a 
hyperbolic-parabolic two-reflection optic has higher reflection 
efficiency and higher X-ray intensity than a single reflection system for 
the same X-ray energy. The Lambda Super uses this patented optic. 

 
Lambda’s optics design produces a higher signal at lower electron beam 
energies when compared to conventional WDS systems. In return, this 
increases the probing spatial resolution for ultimately higher detection 
limits in compositional analysis and alleviates multiple undesirable 
effects induced by the high acceleration voltage electronbeam, such as 
sample surface charging. Based on the sealed gas counter detector 
design, Lambda spectrometers are fully compatible with high-vacuum 
applications that are especially important for SEMs with Field Emission 
Gun emitters. The sealed gas detector design and extended energy range 
opens additional application domains for Lambda products, such as  
in-situ and environmental WDS measurements. 

EDAX NEWS

2
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Figure 1. The Lambda WDS Spectrometer.

Figure 2. The Lambda Super combination optics.



TIPS AND TRICKS

3

Creating Reports for EBSD Data in APEX and OIM Analysis

With the recent introduction of APEX™ software, it is easier than ever 
before to collect high-quality Electron Backscatter Diffraction (EBSD) 
data. OIM Analysis™ provides a comprehensive toolbox to visualize, 
analyze, and understand this data with a wide range of map, chart, and 
plot options. New reporting functionality in both APEX and OIM 
Analysis now allows users to create customized reports to share their 
results and increase productivity. 
 
The report generator leverages the power 
of templates in OIM Analysis. Users can 
define a complete and customized output 
structure via the Project Tree, including 
multiple partitions. Once defined, users 
save the template for reporting by right-
clicking on the dataset name of the  
project tree node and exporting the  
template. Templates have traditionally 
been used to set up repeated analysis via 
the QuickGen toolbar and batch  
processing. Now, templates serve as the 
backbone for reporting as well. 
 
The report designer is used to layout the 
report structure and is accessible via the 
reporting toolbar in OIM Analysis. Here, users select the template file 
to use and give the report form a name. The EBSD report designer 
then opens in Microsoft Word. This tool provides a list of the available 
outputs from the template file. These can then be selected and added 
to the report layout, as shown in Figure 1. Both images and legends 

are available to add. Once 
added, these images can be 
sized and positioned as  
standard graphics in Word. 
Header graphics can also be 
added to show the user’s  
organization logo easily on 
the report. Reports can be 
defined as single or multiple 
pages. A representative  
report layout is shown in 
Figure 2. 
 
Once the report layout is 
completed, it can be  
accessed in OIM Analysis 
via the reporting toolbar. A 
pulldown dialog shows a list 

of available report forms. Once selected, the report is generated in 
Word and can be saved as a Word or PDF file. The final  
report generated for the earlier layout is shown in Figure 3.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Once defined, the reporting functionality can easily be used in APEX 
to streamline the collection, analysis, and output workflow for users. 
When defining a data collection scan, the option to Send to Report is 
available on the Toolbar (Figure 4). When enabled, the report is  
automatically generated at the end of the collection process. It can also 
be used in conjunction with the Batch Collection tools to report on 
multiple areas or samples easily. 

Figure 1. EBSD Report Designer.

Figure 2. Example of customized report layout.

Figure 3. Final report after collection.

Figure 4. Send to Report option in APEX.
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Scanning Electron Microscope (SEM) imaging and Energy Dispersive 
Spectroscopy (EDS) mapping of geological and extraterrestrial  
materials usually require analyzing at relatively high magnifications. 
These high magnifications are necessary to investigate microscale  
features and a representative area, to minimize the heterogeneity  
induced by grain size and phase distributions across the entire sample. 
Montage Large Area Mapping, a major feature in APEX™ 2.0, allows 
precise large-area imaging and EDS, as well as Electron Backscatter 
Diffraction (EBSD) mapping by using stage movements to collect  
individual high magnification/resolution images and maps through a 
grid pattern over a large sample surface and stitching them into  
montages. 
 
A piece of 2.5 x 1.5 cm Hornblende Basalt Porphyry section was  
chosen to illustrate this feature. This sample appears to be of  
porphyritic texture with phenocrysts that are set in a mass of  
plagioclase, orthopyroxene, Fe-Ti oxides, and apatite. Data was  
collected using a field emission SEM equipped with an EDAX Octane 
Elite Super Silicon Drift Detector. EDS maps were acquired in a 24 x 
27 grid over the entire section and automatically aligned and stitched 
together into a 6144 x 5619-pixel montage of maps using the APEX 
2.0 Montage Large Area Mapping feature (Figure 1).  

The Montage Large Area Mapping feature uses a setup wizard with 
step-by-step instructions (Figure 2). It guides the user to move the 
stage to the starting position to collect the top-left image, and then to 
the ending position to collect the bottom-right image. When the images 
are collected, the number of fields are automatically calculated, and a 
graphic representation of the montage is shown in a grid layout. The 

user can move the position marks at the top left and bottom right of 
the images to adjust the starting and ending positions, and the number 
of fields are recalculated accordingly. The Preview Image function 
goes through the montage and collects an image of each field. This is 
useful for checking the alignment before the mapping. Matrix size, 
dwell time, and frames can be adjusted to complete the setup wizard. 
The estimated time duration and required disk space are updated  
accordingly. 

Similar to standard EDS mapping, the user has the option to lock the 
Element List before the live acquisition or to let the software determine 
the element list automatically based on a preview spectrum. The  
preview spectrum is based on the first field in the montage, and the  
Element List can be modified as desired after the spectrum  
collection. In the Review Mode, the user can review the automatically 
stitched montage maps and each field. Full resolution data images can 
be exported via the Send to Folder function. Montage maps can be  
rebuilt to add or remove elements maps.    
 
One of the basic requirements for such applications is ensuring proper  
alignment of edge features of individual images and maps with respect 
to neighbors. SEM image scan rotation and magnification reference 
are the major considerations for montage image alignment. The sample 
used for this alignment adjustment was a piece of Transmission  
Electron Microscope square grids. A montage of SEM images that  
consists of multiple square grids was collected in a 2 x 2 stage field 
pattern before and after each fine-tune for evaluating the  
alignment. By examining the squareness of the grids along the axes of 
the four quadrants, which are the edges between individual images of 
the montage, the offsets can be identified and used as a guideline for  
scan rotation and magnification reference adjustments. 

EDS Maps of Entire Petrographic Sections via Montage Large  
Area Mapping in APEX 2.0 and Alignment Considerations

Figure 1. Montage EDS maps of an entire 2.5 x 1.5 cm Hornblende Basalt Porphyry 
section acquired using APEX 2.0 software.

Figure 2. Setup Wizard for Montage Large Area Mapping. The green circle symbols 
are position marks that can be moved around to adjust the number of fields showing 
on the right side of the wizard. 
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If the beam axis is not precisely aligned to the stage movement in the 
X-axis, moving the stage along the X-axis causes a position change in 
the Y-axis as well. This can be easily visualized in the montage of 
square grids shown in Figures 3a and 3b. The scan rotation adjustment 
is necessary until the mismatch is eliminated (Figure 3c). The rotation 
offset between stage and beam should typically be adjusted by a  
qualified service person, but most SEM software also includes a user-
controlled scan rotation that can be applied. Once scan rotation is  
adjusted, the magnification reference width and height values need to 
be tuned in APEX 2.0 or the scan generator software, so the stage 
moves exactly one field in X and Y directions. This procedure may be 
started from the direction that requires larger adjustment. The length 
of each side of the grids along the axes should be measured on the 
screen to help identify and fix minor offsets. However, note that the 
SEM image width and stage movement may not be fully calibrated 
and that the offset can be magnification dependent. If the stage stops 
short or moves too far, the reference value is set too small or large,  
respectively. Figures 3d-3f illustrate such an adjustment. For EDS 
mapping, the scale bar on the SEM is not necessarily calibrated along 
with the stage. This magnification reference adjustment on the EDS 
side compensates for the X/Y scaling. For large area imaging on the 
SEM side only, the scale bar calibration is still required. The scan 
rotation and magnification reference adjustments are interactive and 
may be repeated multiple times until an optimal montage alignment 
is achieved. 

While it is possible to adjust the focus with Working Distance or Z 
stage movement, it is recommended to keep a constant working  
distance throughout the entire imaging/analyzing area to reduce errors. 
For this consideration, the sample should be polished flat and mounted 

parallel to the stage motion. Furthermore, the X-Y motion of the  
sample/stage should be perpendicular to the beam axis and the tilt, a 
vector perpendicular to the surface of the sample, needs to be  
evaluated. In this example, three positions at the edge of the stage of 
a field emission SEM were chosen and the stage coordinates (x,y,z) 
P0 = (-31.5413, 17.5088, 60.4446), P1 = (2.7049, -36.4853, 60.4993), 
and P2 = (32.7951, 14.9375, 60.3005) (in mm) were recorded. The Z 
of each position was determined by using Z stage motion only to focus 
a spherical dirt particle with a diameter of approximately 500 nm on 
the stage at 20,000 X magnification. Following the method described 
by Ritchie et al [1], the tilt is  

The inclination angle is given by θ = cos-1(‖zN ‖) and the misalignment 
ϕ = tan-1(yn/xn)  where  

and 

In this case, a maximum Z variation of 0.2 mm was observed,  
representing a minor stage inclination of 0.2º at an orientation of ϕ = 
46.9º. Note that if a flat sample is not mounted parallel to the stage, a 
rotation and tilt can be used to achieve a surface perpendicular to the 
beam. 
 
These examples demonstrate the powerful large area mapping  
capability possible with the APEX 2.0 Montage Large Area Mapping 
option, as well as alignment considerations to acquire seamless  
montages. The different types of phenocrysts in the Hornblende Basalt 
Porphyry section are highly variable in grain size and spatial  
distribution, with some conspicuous grains almost covering the entire 
single field of view, even at the lowest magnification. For this kind of 
application, a representative area can be mapped by using the Montage 
Large Area Mapping option to achieve a more accurate calculation of 
the bulk composition.  

Figure 3. Montage image alignment. The scan rotation angles in a, b, and c are 3º, 1º, 
and 1.6º, respectively. 1.6º represents a good scan rotation calibration without a   
mismatch in the figure. d) The stage movement is too far in the Y direction since the 
grids along the horizontal axis are heavily shrunk in the Y direction. e) After decreasing 
the reference height value, the stage moves exactly one field in the Y direction. The stage 
still moves a little far in the X direction as the horizontal side of the grids along the  
vertical axis is measured slightly shorter than the vertical side. f) Magnification  
reference adjustment is done after marginally decreasing the reference width value.

[1] N.W.M. Ritchie et al., Forensic Chemistry 20 (2020) 100252 
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2020 Worldwide Events

2020 Worldwide Training
To help researchers obtain the most from their equipment and to increase their expertise in EDS microanalysis, WDS microanalysis, EBSD/OIM, 
and Micro-XRF systems, we organize a number of operator courses at the following EDAX facilities.

Visit edax.com for the latest news and up-to-date product information.

Note: We are closely monitoring developments relating to COVID-19. 
Please visit http://www.edax.com/support/training-schools for the most up-to-date information on our training courses.

August 3-7 November 10-13 
Microscopy & Microanalysis (M&M) 2020 Virtual Japan Analytical & Scientific Instruments Show Chiba, Japan 
September 23-25 November 14-19  
SEMICON Taiwan Taipei, Taiwan ISTFA 2020 Pasadena, CA  
October 19-22 November 29-December 4 
Analytica Müchen, Germany Materials Research Society (MRS) Fall Meeting Boston, MA 
November 10-12  
Chalmers Microscopy School Gothenburg, Sweden

Note: We are continuing to monitor events affected by the spread of COVID-19.  
Please visit http://www.edax.com/news-events/conferences-tradeshows for the most up-to-date information about our conferences and trade 
shows.

*Presented in English 
#Presented in German

EUROPE JAPAN

EDS Microanalysis
September 1-3 
December 1-3

Shanghai (ACES) 
Shanghai (ACES)

EBSD OIM Academy
September 22-24 
December 8-10

Shanghai (ACES) 
Shanghai (ACES)

EDS Microanalysis

October 19-20 
November 17-19 

Draper, UT 
Mahwah, NJ 

EBSD OIM Academy

October 21-23 Draper, UT

Pegasus (EDS & EBSD)

October 19-23 Draper, UT

NORTH AMERICA
EDS Microanalysis (APEX™ EDS)

November 9-11 
November 30- 
December 2 

Weiterstadt* 
Weiterstadt# 

EBSD OIM Academy

September 14-17 
November 2-5

Weiterstadt# 
Weiterstadt*

APEX™ EDS

October 15 
November 19

Remote 
Remote

CHINA

Other EDAX Resources
EDAX has many resources available online for you to access at any time. Here are a few: 

Videos - EDAXNew Youtube Channel •
Blog - EDAX Blog •
Webinars - available on-demand•

http://www.edax.com
http://www.edax.com/support/training-schools
https://www.edax.com/news-events/conferences-tradeshows
http://www.youtube.com/user/EDAXNews
http://edaxblog.com/
https://www.edax.com/news-events/webinars
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EMPLOYEE SPOTLIGHT

Dr. Nalan Kalyon 
 
Nalan joined EDAX as an Applications Specialist in February 2020. 

Working out of the Weiterstadt, Germany office, she concentrates 

mainly on Energy Dispersive Spectroscopy (EDS) support for the 

European market. Nalan’s responsibilities include training and 

educating customers on EDAX products and software and helping 

customers resolve any issue they may have. She also represents the 

company at various trade shows and conferences. 

 

Prior to EDAX, Nalan worked as a Ph.D. student at Technische 

Unitersität (TU) Darmstadt in Germany. She worked with Professor 

Dr. Barbara Albert, while completing her Ph.D. thesis on “Single 

crystal synthesis and characterisation of manganese monoboride, as 

well as magnetism and hardness of selected metal borides” in 2019. 

This opportunity allowed Nalan to gain experience using a scanning 

electron microscope and EDS. She received a bachelor’s degree in 

Chemical Engineering (2013) and a master’s degree in Chemical 

Engineering and Inorganic Chemistry (2014) at TU Darmstadt. 

 

In her free time, Nalan enjoys traveling to different countries where 

she gets to meet people from other cultures. She also likes sports and 

reading. 

 

Dr. Jordan Moering 
 

Jordan joined EDAX as the Eastern Sales Manager in April 2020. 

Based in Raleigh, NC, he provides sales support of all EDAX 

products along the east coast of the United States from Maine to 

South Carolina. 

 

Before EDAX, Jordan worked at Protochips for nearly four years. 

He was the Regional Sales Manager on the west coast of the  

United States from 2019-20. Jordan served as the Marketing 

Communications Manager from 2017-19 and the Marketing Team 

Leader from 2016-17. He ran a wedding photography company 

(2013-17) and a high-tech startup (2015-17). 

 

Jordan earned a Bachelor of Science (2012) and Ph.D. (2016) in 

Materials Science and Engineering from North Carolina State 

University. In his spare time, he enjoys gardening, running, playing 

the piano, and learning. Jordan also participates in Punkin Chunkin, 

a sport in which his team has won numerous medals and received 

international acclaim. 

 

Dr. Nalan Kalyon. Dr. Jordan Moering.

Visit EDAX at the  
Microscopy & Microanalysis 

2020 Virtual Meeting. 
August 3 - 7 

For more information, please visit 
https://www.edax.com/mm2020. 

Book a demo •
Chat with EDAX staff •
Presentations/Posters  •

EDAX, LLC 
91 McKee Drive 
Mahwah, NJ 07430 
Phone (201) 529-4880 
E-mail: 
info.edax@ametek.com 
www.edax.com 
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CUSTOMER NEWS

The Molecular Analysis Facility (MAF) is an open-access  
instrumentation facility at the University of Washington in Seattle, 
WA. It offers microscopy, spectroscopy, biophysics, and surface  
science tools to a diverse user base, including researchers at the  
University of Washington, as well as researchers from other academic  
institutions and industries. The MAF is also part of the National  
Science Foundation’s National Nanotechnology Coordinated  
Infrastructure, a network of fabrication and characterization facilities 
that provide researchers with the tools and training necessary to  
engineer at the nanoscale.  
 
A unique feature of the facility is that users can be trained to  
independently perform experiments on the facility’s instruments, or 
an experienced staff member can perform experiments for users.  
Instruments in the facility can characterize a wide array of samples, 
from soft, squishy biological materials to hard materials.  
 
“I personally spend most of my time training researchers to prepare, 
image, and analyze their samples, which requires me to know a little 
bit (and sometimes a lot) about many different type samples, said  
Research Scientist, Ellen Lavoie. 
 
Users of our facility are increasingly interested in characterizing  
biomaterials, which can be challenging to prepare and analyze and  
require a wide range of expertise. New materials and characterization 
equipment are constantly being developed, requiring the facility staff 
to continually learn and adapt to keep up. 
 
One specific challenge the staff is currently facing is how to resolve 
light elements when mapping with Energy Dispersive Spectroscopy 
(EDS). The facility has an 11 year old EDAX EDS detector that  
requires a relatively high percentage of specific elements to pick  
anything up. The MAF has just ordered an Elite T Super EDS Analysis 
System, which is set to be installed in August, that will resolve these 
issues, as well as provide much faster mapping capabilities. 
 
“The biggest factor influencing my decision was a history of quality 
customer service, both while I have been at the UW and when I worked 
at the Harvard Center for Nanoscale Systems many years ago,” stated 
Ellen Lavoie. “I also feel like the software is quite intuitive and easy 
to use and the price was extremely competitive for what is offered!” 
 
Currently, the primary users for EDS on the TEM are groups working 
on clean energy, biomaterials, and battery technology that utilize the 
detector. In addition, the facility has many groups that would like to 
map trace elements in biological or polymer material.   

The submitted data in Figure 1 is from Madison Monahan a graduate 
student in Brandi Cossairt’s lab (UW) and she is co-advised by James 
De Yoreo (Pacific Northwest National Lab and UW). The sample is 
InP that was attempted to be doped with Cu and created some sort of 
copper phosphide diffusion ring that you can see in the mapping.  

Molecular Analysis Facility 
University of Washington, Seattle, WA

Figure 1. a) STEM image from an FEI Tecnai TF20 operated at 200 kV 
with a STEM HAADF detector. Maps generated using the EDAX EDS  
detector show b) In L, c) Cu K, d) P K, and e) overlaid In and Cu.

a)

b) c)

d) e)

http://www-moles.nano.washington.edu/maf/

