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APEX™ 2.1 is a feature software 
release that now includes 
support for dual Energy Dispersive 
Spectroscopy (EDS) detectors. The 
Dual Detector feature supports 
Octane Elect and Octane Elite 
Detectors, and different detector 
types and sensor sizes can be 
mixed. For example, Octane 
Elite Super (70 mm2 sensor) and 
Octane Elect Plus (30 mm2 sensor) 
detectors are allowed in a dual 
detector system. Dual detectors 
double the throughput while 
maintaining a single detector’s 
energy resolution. Compared to a 
2x sensor size detector equipped 
with the same electronics, a 
dual detector system has higher 
throughput with better resolution. 
For samples with smooth and 
flat surfaces, the quantitative 
analysis from dual detectors 
can be averaged to build more 
accurate results. The shadowing 
and topographic artifacts seen 
from EDS maps of non-ideal 
samples can be mitigated with 
dual detectors (see the X-ray 
Mapping with Dual EDS Detectors 

application note on page 5 for 
more details).

The workflow for dual detector 
data collection is the same as 
using a single detector system. 
Dual detectors operate at the 
same amp times by default. 
Spectrum, map, or line scan 
data can be collected with 
both detectors enabled. The 
Dual Detector group in the 
ribbon bar allows quick access 
to detector selection and aids in 
viewing detector-specific data 
in Spectrum, Line, and Mapping 
modes (Figure 1). 

Figure 1. Dual Detector ribbon group.
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In Spectrum mode, adding or removing elements can 
apply to the detector selected or both detectors. 
Choosing All Analyzer displays spectra in overlay 
mode, and all quantitative results are available 
(Figure 2). When both detector buttons are switched 
on in the ribbon group (Figure 1), the Merge icon 
becomes clickable to enable merging spectrum, line 
scan, or map data. As shown in Figure 3, the spectrum 
is merged from the two spectra in Figure 2.

The data display in the Project Tree is optimized for 
dual detectors. To give a cleaner view, only the 
primary node is visible in the Project Tree. Detector-
specific or merged data is accessible from the Dual 
Detector ribbon group mentioned above. All rebuilt 
line scan or map data is grouped in a list box under 
the selected channel (specific detector or merged) 
in the Dual Detector group for more intuitive data 
organization (Figure 4).

In addition to the Dual Detector feature, there are 
more new things in APEX 2.1, including 3D EDS and 
EBSD functionalities and Velocity Pro Detector support 
for EBSD. In the synchronized release of OIM Analysis™ 
v8.6, parent grain reconstruction analysis has been 
included. A network licensing solution is now available 
for APEX and OIM Analysis. We are very excited about 
adding these new features to the APEX platform and 
look forward to your feedback.

Figure 2. Point spectra collected by dual detectors displayed in overlay mode. The red solid and cyan outline spectra were 
acquired by Octane Elite Super and Octane Elect Super Detectors, respectively. Quantitative results from both detectors are 
displayed.
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Figure 3. Merged spectrum from dual detectors. 

Figure 4. List box of rebuilt map data under the selected channel. 
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OIM Analysis™ sets the benchmark in functionality 
for the analysis of EBSD mapping data. Its features 
include a wide range of greyscale and color map 
types for visualizing microstructure, boundary analysis 
for investigating grain and phase boundaries, charts 
to quantify the distribution of different measurements, 
and texture analysis plots to describe preferred 
crystallographic orientations. The QuickGen toolbar 
makes these available at the push of a button. 
Beyond this feature set, OIM Analysis contains several 
functions that make working with and preparing these 
images for presentations and reports easy.

It’s easy to create many images to visualize a 
microstructure with OIM Analysis. Fortunately, there 
are also several tools to help organize and manage 
the display of these images. When multiple images 
are created, the default display shows these images in 
a cascaded format, as seen in Figure 1. In this format, 
each image can be brought to the front with a single 
click. However, sometimes you want to see all the 
images together.  This can be done easily using the tile 
buttons on the toolbar, with options to tile horizontally 
or vertically. The results of this are shown in Figure 2.

Figure 1. Cascaded images in OIM Analysis.

TIPS & TRICKS

Saving and Scaling Images in OIM Analysis

Figure 2. Tilted images in OIM Analysis.
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It is an easy way to reformat the display of all the 
images. There is a cascade all button to return to the 
default view as well. Additionally, there is a close all 
windows button, which is helpful if you want to clear 
off the current set of displayed images. The images 
are still available within the project tree and can be 
reopened by double-clicking on the description within 
the tree.

There are a couple of options to save or copy the 
images. Image functions can be accessed by right-
clicking on the image and selecting the Image 
option. New in OIM Analysis v8.6 is an additional 
button on the toolbar, shown in Figure 3. This drop-
down button allows users to save or copy the 
image and/or associated legend. The legend 
can be represented as either a graphic or as text. 
Additionally, images can be automatically saved and 
sent to a configurable folder for faster workflow, similar 
to the APEX™ software.

Before saving images, it is sometimes practical to 
remove or edit the scale bar. Right-clicking on the 
image displays an option to Show Micron Bar, as 
shown in Figure 4. Turning this off removes this from 
the image. Sometimes, this is done if multiple images 
from the same map are used and only one scale bar 
is desired.

The size of the scale bar is automatically based on 
the size of the map dimensions. The display value can 
be changed by selecting the Set Micron Bar Length 
option on the image right-click menu. The automatic 
setting can be disabled, and the desired length 
specified. This is particularly useful when trying to 
keep a consistent scale bar length between different 
images.

It is also possible to define preference settings to 
either show or hide the micron bar or have a default 
size. This is done in the Settings / Preferences / Maps 
and GBs menu, as shown in Figure 6. In this option, 
you can also set the monitor size to help calibrate 
the magnification scale for image zooming. All these 
functions allow users to display and save the images 
as desired to best meet their needs.

Figure 3. Saving and sending images from the toolbar.

TIPS & TRICKS

Figure 4. Right-click option to Show/Hide Micron Bar.

Figure 5. Adjusting scale bar length.

Figure 6. Map magnification preferences settings.
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Introduction

Dual EDS detectors not only double the throughput 
while maintaining a single detector’s energy 
resolution, but also play an important role in mitigating 
shadowing and topographic artifacts when mapping 
particles or samples with rough or fracture surfaces. 
For samples with flat and smooth surfaces, doubled 
throughput gives more statistics to ensure higher 
quality and more accurate map data. For non-ideal 
samples, dual detectors can minimize the artifacts 
associated with shadowing and topography. X-rays 
generated from particles or other small objects may 
be shadowed by adjacent large objects, resulting in 
signal attenuation. This effect also applies to samples 
with severe surface topography that may include 
high topography regions that attenuate or block 
X-ray signals generated from low topography regions. 
Additional complexities come from surfaces that 
are significantly inclined towards the detector and 
other surfaces that are tilted away from the detector, 
producing take-off angle variations that alter X-ray 
signal intensities. When the electron beam is scanning 
over a particle, the take-off angle also changes as 
the beam moves from one side to the other side of 
the particle along the spherical surface. To explore 
what we gain with dual EDS detectors, we acquired 
EDS map data from both ideal and non-ideal samples 
with Octane Elite Super (detector 1) and Octane Elect 
Super (detector 2) Silicon Drift Detectors positioned 

with different azimuthal angles using APEX™ 2.1 
Software. 

Results and Discussion

In general terms, the doubled throughput results in 
higher quality map data or collection efficiency. 
For this example,  a floor tile sample with a flat and 
smooth surface was mapped. Figure 1 provides 
an overview of the sample with the SEM image, 
summed Counts Per Second (CPS) map, and Region 
of Interest (ROI) maps of selected elements from 
both detectors. The CPS map (Figure 1b) is a visual 
representation of the X-ray count rate at every pixel 
in the dataset, where the brighter pixels depict areas 
with higher count rates. A notable feature of this 
sample is that it contains many calcium phosphate 
and zirconium silicate grains. However, the elemental 
maps of P K and Zr L (Figure 1e and 1f) look almost 
identical, although some grains have different 
signal intensities. This is because P K and Zr L peaks 
are heavily overlapped with only 29 eV of energy 
difference. The ROI maps are based on raw X-ray 
counts only, so peak overlaps are not compensated 
for. The overlapping peaks can be resolved by 
background subtraction and peak deconvolution or 
further running a full quantification routine at every 
pixel in the dataset. Figure 2 shows Wt% maps of P K 
and Zr L rebuilt from a single detector and summed 
ROI maps. In the single detector Wt% maps of P K 

(Figure 2a and 2b), there are slight 
noise pixels in the bottom right, 
which correspond to the silicon-
rich phase indicated in Figure 1c, 
running a full quantification routine 
at every pixel in the dataset. Figure 
2 shows Wt% maps of P K and Zr L 
rebuilt from a single detector and 
summed ROI maps. In the single 
detector Wt% maps of P K (Figure 
2a and 2b), there are slight noise 
pixels in the bottom right, which 
correspond to the silicon-rich 
phase indicated in Figure 1c. There 
are more obvious noise pixels in Zr 
L maps (Figure 2d and 2e), mainly 
from the contributions of iron-rich 
inclusions shown on the right of 
Figure 1d and residuals of the 
phosphorus phase.

APPLICATION NOTE

X-ray Mapping with Dual EDS Detectors

Figure 1. Overview of the dual detector data from a floor tile sample.  An a) SEM image and 
b) summed CPS map of the field of view. c-f) Summed ROI maps of Si K, Fe K, Zr L, and P K, 
respectively. 
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These noise pixels cannot be separated from the 
background due to insufficient statistics. In the maps 
rebuilt from summed ROI maps (Figure 2c and 2f), 
many of the noise pixels have been cleaned up, and 
the backgrounds are much more uniform because 
the summed statistics from the two detectors were 
used. While conducting background subtraction and 
peak deconvolution, the total counts play a vital role. 
Summing the X-ray counts from dual detectors helps 
increase the number of counts per pixel to get better 
and more accurate results.

The artifacts associated with non-ideal samples are 
much more challenging to deal with when mapping 
with a single detector. In this experiment, quartz 
particles were mapped simultaneously with dual 
detectors, and the two sets of data were merged. 
The CPS and elemental maps collected were used 
to evaluate the severe topographic and shadowing 
artifacts exhibited by this sample. The black areas in 
these maps indicate signal attenuation where little to 
no X-rays are received by the detector, since this is a 
homogeneous sample all regions have the same X-ray 
yield.

APPLICATION NOTE

Figure 2. Wt% maps of P K rebuilt from counts from a) detector 1 and b) detector 2, and c) the 
summed counts from both detectors. d-f) Corresponding Zr L maps of the above maps. A processed 
high contrast and brightness version of this figure is shown in Figure 3.

Figure 3. High contrast and brightness image of Figure 2 to highlight the background 
outside the calcium phosphate and zirconium silicate grains.
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In the CPS map collected by detector 1 (Figure 4a), 
the circled dark region shows where X-ray signals 
are shadowed by adjacent particles, while the 
corresponding region in the map from detector 2 
(Figure 4b) is facing towards the detector and more 
X-ray counts are received by the detector. Simply 
summing these two maps increases the number of 
counts per pixel and gives the shadow artifacts from 

both detectors (Figure 4c). In Figure 4d, the maximum 
signal at each pixel between the two single detector 
CPS maps was used, and the double shadowing 
and contributions of topography are significantly 
alleviated. Since the signal from only one map or 
the other is used, this does not increase statistics or 
spectral quality.

When doing contamination assessment or failure 
analysis, it is important to cover as many objects of 
interest as possible. An iron oxide sample was mapped 
using the same dual EDS detector setup to evaluate 
the phosphorus distribution as surface contaminants. 
The CPS maps from both detectors indicate that this 
sample has an extremely rough fracture surface with 
prominent shadow zones (Figure 5a and 5b). Although 
their corresponding P K maps show a large amount 
of phosphorus particles and the distributions look 
somewhat even (Figure 5d and 5e), there are missing 
particles in the circled regions from either elemental 
map. The topographic effects in the single detector 
CPS maps are mitigated in the merged CPS map 
using the maximum signal function (Figure 5c), and 
the shadowing is resolved in the maximum signal P 
K map to represent more accurate data (Figure 5f). 
To quantify data quality improvement, the three CPS 
maps were converted into binary images to measure 
the phosphorus particles’ density. The particle density 
calculated from maps collected by detector 1 and 

detector 2 was 6504 particles/mm2 and 6178 
particles/mm2, respectively. However, the 
density in the merged map was 7795 particles/
mm2, which means neither detector captured 
a significant number of particles on the sample 
surface. 

Results and Discussion

Using the same conditions, dual detectors 
double the throughput while maintaining a 
single detector’s resolution to generate higher-
quality map data or shorten the data collection 
time. For samples that cannot tolerate high 
beam currents, dual detectors enable 
better map data to be acquired using lower 
beam currents. When dealing with non-ideal 
samples, dual EDS detectors are very useful for 
mitigating the shadowing and topographic 
effects associated with particles and rough 
or fracture surfaces. Selecting the maximum 
signals between the two sets of maps from dual 
detectors is a more efficient way to resolve 
these artifacts than using the sum of the maps.

APPLICATION NOTE

Figure 4. CPS maps of quartz particles from a) detector 1 and b) 
detector 2, c) the sum of the CPS maps from both detectors, and 
d) the maximum signal CPS map. 

Figure 5. CPS maps collected from a) detector 1 and b) detector 2, and c) 
the maximum signal CPS map. d)-f) Corresponding elemental maps of P 
K of the above maps. The red circles highlight regions with missing signals 
from either detector. g-i) Binary images of the above elemental maps.
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Royal Microscopy Society (RMS) EBSD 2021 
April 20 – 21  Virtual

Microscience Microscopy Conference (MMC) 
July 5 – 8  Virtual

Microscopy & Microanalysis (M&M) 2021 
August 1 – 5  Pittsburgh, PA

Denver X-ray Conference (DXC) 2021 
August 2 – 6  Virtual

EVENTS AND TRAINING

2021 Worldwide Events
International Materials Research Congress 
August 15 – 20  Hybrid - Virtual/Cancun, Mexico

Microscopy Conference (MC) 2021 
August 22 – 26  Virtual

Ceramics Expo 
August 31 –   Cleveland, OH 
September 1

SEMICON Taiwan 
September 8 – 10 Taipei, Taiwan

Visit https://www.edax.com/news-events/conferences-tradeshows for a complete list of events. 

2021 Worldwide Training
Europe

EDS Microanalysis (APEX™ EDS) 
September 13 – 14  Weiterstadt* 
October 4 – 5  Weiterstadt# 
November 22 – 24  Weiterstadt*

EBSD OIM Academy 
September 15 – 17  Weiterstadt* 
October 6 – 8  Weiterstadt#

Pegasus (EDS & EBSD) 
September 13 – 17  Weiterstadt* 
October 4 – 8  Weiterstadt#

*Presented in German 
#Presented in English

Japan

EDS Microanalysis (APEX™ EDS) 
April 16    Virtual (Advanced) 
June 11    Virtual (Beginner) 
July 9     Virtual (Advanced) 
October 15    Virtual (Beginner) 
November 19  Virtual (Advanced)

China 

EDS Microanalysis 
June 8 – 10   Shanghai (ACES) 
September 7 – 9  Shanghai (ACES) 
December 6 – 10  Shanghai (ACES)

EBSD OIM Academy 
May 25 – 27    Nanjin City 
September 14 – 16  Beijing City 
November 16 – 18  Shenzhen City

North America 

EDS Microanalysis 
July 13 – 14    Mahwah, NJ 
October 18 – 19  Mahwah, NJ 
November 17 – 19  Mahwah, NJ

EBSD OIM Academy 
October 20 – 22  Mahwah, NJ

Pegasus (EDS & EBSD) 
October 18 – 22  Mahwah, NJ

Visit https://www.edax.com/support/training-schools for a complete list and additional information on our training courses. 

https://www.edax.com/news-events/conferences-tradeshows 
https://www.edax.com/support/training-schools
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EMPLOYEE SPOTLIGHT

Alan Sandborg Named Fellow of the Microanalysis Society

The Microanalysis Society (MAS) has chosen long-
time EDAX employee Alan Sandborg as one of its 
Fellows. The MAS Fellow distinction recognizes eminent 
scientists, engineers, and technologists in the field of 
microanalysis of materials and related phenomena. 
All MAS members that have distinguished themselves 
through outstanding research, outreach and 
teaching, and service to the microanalysis community 
are eligible. Annually, the MAS Fellow Committee 
solicits and judges nominations. Election as an MAS 
Fellow is highly selective, but represents a cross-section 
of the MAS membership.

The official announcement of this year’s MAS Fellow 
recipients will be at the Microscopy & Microanalysis 
(M&M) 2021 meeting in Pittsburgh, PA during the 
Plenary Session on August 2, 2021. There will also be 
an awards ceremony at the MAS Business Meeting at 
M&M on August 4.

The crystal plaque that Alan will receive includes the 
following citation:

“For pioneering developments of Silicon and 
Germanium detectors and electronics systems for EDS 
on electron beam instruments for over 50 years”

In his 51 years at EDAX, Alan held the roles of 
Technical Director, General Manager, Senior Vice 
President, Engineering Manager, Applications 
Manager, Regional Salesman, Energy Dispersive X-ray 
Fluorescence (EDXRF) Product Manager, and Senior 
Applications Scientist.

Alan began his career at Nuclear Diodes in 1962. 
He was the company’s first worker because of 
his background working with solid-state radiation 
detectors during a summer job at Argonne National 
Laboratories. Based out of Highland Park, IL, Alan 
developed silicon detectors and lithium drifted 
germanium detectors for gamma-ray detection. It is 
Alan’s belief that he made the first solid-state detector  
to go into space, the Mariner 4, which went to Mars.

In 1965, Alan worked on silicon lithium (SiLi) detectors, 
which became the company’s X-ray detectors. He 
also designed the early detecting units to go on 
electron microscopes. 

Nuclear Diodes moved to Prairie View, IL in 1966 and 
was later renamed EDAX International in 1972. EDAX 
was purchased by Philips in 1974.

At M&M in 1976, 
Alan presented 
the first paper on 
windowless detectors. 
EDAX was the first 
company to adopt 
this technology. Alan 
also designed the 
first EDXRF unit that 
incorporated an X-ray 
tube as its excitation 
source. In his role as 
EDXRF Manager, Alan 
did most of the design 
work until the creation 
of the PV9550 model.

In 1979, Alan was named the Application Lab 
Manager. He ran the application training schools for 
more than 10 years. This included training schools 
overseas in China, Japan, South Africa, Brazil, 
Argentina, and Israel.

The factory moved to Mahwah, NJ, in 1988 and 
AMETEK acquired EDAX in 2001. In his later years, 
Alan became more involved in the development 
and application of Energy Dispersive Spectroscopy 
(EDS) on the Transmission Electron Microscope (TEM)/
Scanning Transmission Electron Microscope (STEM) 
and Wavelength Dispersive Spectrometry (WDS) 
systems on the Scanning Electron Microscope (SEM). 
EDAX was the first company to offer windowless 
detectors for the TEM/STEM market. 

Alan earned a Bachelor’s in Mechanical Engineering 
from Valparaiso (1959) and he received a Master’s 
of Science in Nuclear Engineering from Northwestern 
University (1963).

Alan and his wife, Angie have been married for 42 
years. Alan has two children, Pamela and David and 
three stepchildren, Peter, Sandy, and Valerie. He also 
has two grandchildren, Alex and Maeve and one 
great grandchild, Aurora. In his spare time, Alan enjoys 
gardening, playing golf, and astrophotography.

Everyone at EDAX would like to congratulate Alan on 
this great honor.

(left to right) Angie and Alan 
Sandborg.


