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The new APEX™ 3.0 is the ultimate 
materials characterization 
software, integrating energy 
dispersive spectroscopy (EDS), 
electron backscatter diffraction 
(EBSD), and wavelength dispersive 
spectrometry (WDS) to deliver 
previously unattainable solutions. 
This optimized configuration offers 
the uncompromised performance 
of each technique and allows 
users to combine them for the 
ultimate materials insight. All three 
techniques seamlessly operate 
within APEX, blending powerful 
elemental and crystallographic 
analysis routines through an 
intuitive interface delivering 

outstanding data collection, faster 
analysis, and flexible reporting for 
users of all levels.

WDS functionalities are 
implemented seamlessly with the 
EDS graphical user interface. Users 
can quickly adapt to the new 
functionalities and employ WDS 
when and where EDS reaches 
the limit. WDS spectrum, linescan, 
or map data is simultaneously 
collected with EDS data. WDS and 
EDS spectra can be displayed side-
by-side or overlaid for easy data 
visualization and interpretation 
(Figure 1).

Figure 1. Simultaneous EDS-WDS spectrum collection.

Warmest wishes this holiday season
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Linescan or map view windows can display WDS and 
EDS data together or separately (Figure 2) without 
overlapping or overloading windows.

APEX 3.0 maximizes ease of use with automatic 
features and full access and control of advanced-
level user settings. With one click from start to finish, 
Auto WDS allows fully automated WDS scan list 
generation, spectrometer setup, optimum sample 
height determination, and spectrum collection. The 
Auto Z routine automatically and accurately positions 
the scanning electron microscope (SEM) stage at 
the optic focal plane and guarantees the highest 
intensity levels (Figure 3). The ratemeter option allows 
advanced users to manually adjust the SEM stage 
height.

Sets of combined EDS-WDS spectrum, linescan, and 
mapping data at different stage positions can be 
done via automated batch collection routines to 
streamline SEM experiments. EDS and WDS data 

collection settings are managed in one user-friendly 
batch scan list (Figure 4).

The advanced EDS-WDS quantification algorithm 
supports both individual techniques or combined 
EDS-WDS standards. A quant table with per-element 
options allows users to easily switch between EDS and 
WDS standards for each element by clicking on the 
icon in front of the element (Figure 5).

Figure 2. Simultaneous EDS-WDS mapping. 

Figure 3. WDS Auto Z with ratemeter option.

Figure 4. Combined EDS-WDS batch list.

Figure 5. Quantitative results with combined EDS-WDS standards.
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WDS results are organized and communicated 
efficiently with APEX Reporting in standard Microsoft 
Office Suite documents and Adobe PDF formats. 
Quick Reports allows you to tailor report content and 
layout to specific analytical needs. Customizable 
analysis templates are available for advanced and 
interactive reports (Figure 6).

The main addition on the EBSD side is the support of 
Velocity™ Ultra, now the fastest EBSD camera in the 
world, offering high-speed EBSD mapping with the 
highest indexing performance on real-world materials.

For simultaneous EDS-EBSD or EDS-WDS data 
acquisition, you don’t need to compromise one 
technique or the other. APEX 3.0 allows you to set an 
intermediate position for the EDS detector to ensure 
optimal count rates or speeds for integrated systems 
(Figure 7).

With the addition of WDS capabilities, APEX 3.0 now 
includes EDS, EBSD, and WDS. Each characterization 
tool can operate independently to utilize EDAX’s 
technological advancements, or integrated data 
can be collected to provide solutions that were once 
unachievable.

Figure 6. Customized combined EDS-WDS report.

Figure 7. EDS slide advanced control.
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Instruments used
Gatan Ilion® II System, EDAX Velocity™ EBSD Analysis System, 
and EDAX Clarity™ EBSD Analysis System

Background
Sample preparation has always been a prerequisite 
for successful electron backscatter diffraction (EBSD) 
testing. Generally, metal samples can be prepared more 
conventionally, for example, by mechanical grinding and 
polishing (mechanical polishing), then followed by vibratory 
polishing. However, it can be difficult to achieve the desired 
result with this approach for magnesium and aluminum, 
whose chemical properties make these materials reactive. 
You can prepare these metals by electropolishing after an 
initial grinding and mechanical polishing, but it requires 
selecting the appropriate chemical solution, and the 
operation is more complicated. In this study, the Gatan Ilion 
II System was used for final sample preparation. With this 
tool, the process was relatively simple, and EBSD results were 
easily acquired.

Materials and methods
To begin, the aluminum bulk sample was polished with SiC 
paper up to 2000 mesh, then with 1 and 0.3 µm alumina 
slurry for 10 minutes each. Finally, it was processed in a 
Gatan Ilion II System at 3 kV for 20 minutes and then at 1 
kV for 10 minutes. EBSD data was acquired using the EDAX 
Velocity Camera at 20 kV, 12 nA beam current, with a 
working distance of 15 mm and scanning speed of ~1000 
indexed points per second (ipps).

The magnesium bulk sample was polished with SiC paper 
up to 4000 mesh, then with 3 and 1 µm diamond slurry for 
20 minutes each. Finally, it was polished in a Gatan Ilion 
II System at 1 kV for 30 minutes and then at 0.5 kV for five 
minutes. EBSD data was acquired using the EDAX Clarity 
Detector at 15 kV, 3 nA beam current, with a working 
distance of 15 mm and a scanning speed of ~80 ipps.

Summary 
The Gatan Ilion II was used to prepare aluminum and 
magnesium bulk samples to achieve better EBSD pattern 
quality and indexing rates. Ion polishing is an ideal method 
to prepare these reactive aluminum and magnesium 
materials for EBSD analysis.

EXPERIMENT BRIEF

EBSD sample preparation on Al/Mg bulk material using the Gatan 
Ilion II System

a) b)
Figure 1. The EBSD inverse pole 
figure (IPF) orientation maps after 
a) alumina polishing and b) Ilion 
II polishing. The indexing success 
rate (CIS >0.1) is 12.8% and 98.1%, 
respectively. This shows that the 
indexing success rate is greatly 
improved after ion polishing. Results 
show that ion polishing is a suitable 
way to prepare an Al sample without 
vibratory or electropolishing.

a) b) c)

Figure 2. The a) scanning electron microscope, b) Image Quality, and c) IPF map of the magnesium sample after IIion II ion polishing. The 
indexing success rate (CIS >0.1) is 99.2%. The sample produced very weak patterns and a low indexing rate before ion polishing.
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In traditional electron backscatter diffraction (EBSD) 
mapping, EBSD patterns are acquired and subsequently 
analyzed using a Hough transform to determine the 
diffraction band positions to calculate the crystallographic 
orientation using a list of candidate phases. The determined 
orientation and phase are recorded, along with other 
metrics, including the EBSD image quality value, the 
confidence index of the orientation solution, and the 
scanning electron microscope (SEM) image intensity. This 
reduction of the data is efficient for generating different 
maps, charts, and texture plots within the OIM Analysis™ 
Software and does not require the EBSD patterns to be 
saved after the initial indexing. However, recent and 
continuing developments have resulted in new applications 
where the saved EBSD patterns can be used to extract more 
information than was previously available. This article will 
review some of the ways in which saved EBSD patterns can 
be used to enhance EBSD analysis.

The most straightforward application for using saved 
EBSD patterns is reviewing patterns after collection. In 
OIM Analysis, this can be done using FlexiView, where the 
EBSD patterns can be dynamically displayed from every 
point within the collected map, along with the calculated 
crystallographic unit cell and the pole figure. This feature 
is used to verify that recognizable EBSD patterns were 
obtained and identify any visual differences in pattern 
quality or intensity.

Saved patterns can also be used with EDAX’s PRIAS™ 
imaging technology. With PRIAS, different regions of interest 
(ROIs) are defined within the EBSD image. These ROIs are 

then used as electron imaging detectors while the area 
of interest is scanned with the electron beam. Different 
imaging contrast mechanisms are active depending on 
the ROI's position. During EBSD mapping, PRIAS ROIs are 
predefined. PRIAS can also be used with saved patterns. 
The ROIs can be more freely positioned and adjusted for 
optimized contrast and imaging quality. Figure 1 shows PRIAS 
images from a nickel superalloy from an ROI positioned 
in the center of the detector screen (Figure 1a) and from 
an ROI positioned at the bottom of the screen (Figure 
1b). These images visualize the gamma/gamma prime 
microstructure with complementary contrasts between the 
two PRIAS images.

In some instances, quality EBSD patterns are captured, but 
the indexing quality is low. With saved EBSD patterns, it is 
easy to identify the root cause of this indexing performance, 
and many alternatives for improving indexing are available. 
The band detection results can be displayed with the 
saved pattern and adjusted for improved performance if 
necessary. This is not possible without saved EBSD patterns. 
Additional phases can also be added to the list of 
candidate phases. These additional phases can be verified 
with saved EBSD patterns and, if successful, can be used to 
analyze the entire dataset using the indexing functionality 
with OIM Analysis. These indexing tools allow users to reindex 
the entire dataset or to target the reindexing user-defined 
partitions for more efficient analysis. For example, users may 
reindex only the points with a low initial confidence index.

TIPS & TRICKS

Why you should save EBSD patterns

Figure 1. PRIAS images from a nickel superalloy from a) an ROI positioned in the center of the detector screen and b) an ROI positioned at 
the bottom of the screen.

a) b)
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TIPS & TRICKS

For multi-phase samples, it can sometimes be difficult to 
correctly apply an EBSD background correction using a 
single background signal because the average atomic 
number of the phases can vary significantly. This results in a 
difference between the EBSD signal and the background 
signal, which can degrade band detection and indexing 
performance. With saved EBSD patterns, phase-specific 
backgrounds can be generated and used to improve 
performance regardless of the number of phases present.

Indexing results can also be improved by using EDAX’s 
patented NPAR™ processing with saved EBSD patterns. 
With NPAR, each individual pattern is averaged with its 
neighboring patterns to improve the resulting average 
pattern’s signal-to-noise ratio (SNR). This SNR improvement, 
in turn, improves band detection and pattern indexing 
performance. While comparable with traditional frame 
averaging during EBSD mapping, NPAR improves SNR and 
indexing while providing faster acquisition rates on the SEM. 
NPAR typically provides indexing improvements on almost 
all microstructures, provided that the sampling step size is 
smaller than the feature sizes of interest.

The OIM Matrix™ module has been recently added to the 
OIM Analysis software. OIM Matrix compares experimental 
patterns with dynamically simulated patterns to determine 
the best-fit crystallographic orientation and phase. There 
are two approaches for this type of indexing. The first is 
dictionary indexing, where a library of simulated EBSD 
patterns is calculated before indexing the pattern. The 
second is spherical indexing, where the experimental 
pattern is projected onto the spherical master pattern to 
find the best fit over the simulation. Spherical indexing is new 
in OIM Analysis v9.

One final application of saved EBSD patterns is HR-EBSD 
or high-angular resolution EBSD. This approach selects 
a reference pattern from each grain in the measured 
microstructure. Other patterns within the grain are 
compared and correlated against the grain reference 
pattern. This technique measures elastic strain in materials 
and improves angular precision.

 

This article summarizes the many applications for using 
saved EBSD patterns to enhance EBSD analysis. From a 
practical perspective, the option to save EBSD patterns is 
selected when defining an EBSD scan in the APEX™ Software. 
Figure 2 shows a screenshot of the Scan Details window 
within APEX. In this window, the option to Save Patterns is 
shown. When saving patterns, users can save as 8-bit up1 
files or 16-bit up2 files. These patterns are saved with the 
same filename as the scan file and must be in the same 
folder when opening within OIM Analysis for further analysis.

Figure 2. Shows a screenshot of the Scan Details window within 
APEX.
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Electronic Materials and Applications (EMA) 
January 18 – 20 Orlando, FL

Electron Microscope Society of India (EMSI) 
February 8 – 10 Delhi, India

Microscopy Conference (MC2023) 
Febuary 26 –  Darmstadt, Germany 
March 2

Minerals, Metals & Materials Society (TMS) 2023 
March 19 – 23 San Diego, CA

EVENTS AND TRAINING

2023 Worldwide Events
SEMICON China 
March 22 – 24 Shanghai, China

Materials Research Society (MRS) Spring 
April 10 – 14 San Francisco, CA

Microscience Microscopy Congress (MMC) 
July 4 – 6 Manchester, UK

Microscopy and Microanalysis (M&M) 
July 23 – 27 Minneapolis, MN

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

2023 Worldwide Training
Europe

APEX EDS 
February 6 – 8   Unterschleissheim# 
June 19 – 21   Unterschleissheim# 
September 25 – 27  Unterschleissheim* 
November 13 – 15  Unterschleissheim#

APEX EBSD 
February 8 – 10  Unterschleissheim# 
June 21 – 23   Unterschleissheim# 
September 27 – 29  Unterschleissheim* 
November 15 – 17  Unterschleissheim#

APEX Pegasus (EDS & EBSD) 
February 6 – 10  Unterschleissheim# 
June 19 – 23   Unterschleissheim# 
September 25 – 29  Unterschleissheim* 
November 13 – 17  Unterschleissheim#

#Presented in English 

*Presented in German

Japan

EDS Microanalysis (APEX™ EDS) 
February 17   Virtual (Standard) 
April 14    Virtual (Advanced) 
May 19    Virtual (Standard) 
July 14    Virtual (Standard) 
October 13   Virtual (Advanced) 
November 10   Virtual (Standard)

China

EDS Microanalysis 
March 14 – 16   Shanghai (ACES) 
June 6 – 8   Shanghai (ACES) 
September 12 – 14  Shanghai (ACES) 
December 5 – 7  Shanghai (ACES)

EBSD OIM Academy 
March 21 – 23   Shanghai (ACES) 
June 13 – 15   Shanghai (ACES) 
September 19 – 21  Shanghai (ACES) 
December 12 – 14  Shanghai (ACES)

North America 

EDS Microanalysis 
February 8 – 9   Virtual 
March 14 – 15   Virtual 
October 10 – 11  Virtual 
November 7 – 8  Virtual

EBSD OIM Academy 
March 16 – 17   Virtual 
April 17 – 19   Virtual 
August 15 – 17   Virtual 
October 12 – 13  Virtual

Pegasus (EDS & EBSD) 
March 14 – 17   Virtual 
October 10 – 13  Virtual

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

Julia Mausz
Julia joined EDAX as an Applications Specialist in May 
2022. Working out of the Unterschleissheim, Germany 
office, Julia performs EDS and EBSD demonstrations, 
presents at conferences and workshops, and provides 
after-sales customer support. Her duties include on-site 
training courses, assistance with analytical problems, 
and scientific collaborations.

Julia has been working with EDS and EBSD since 
she was an undergraduate student at Aalen 
University in Germany. She received a Bachelor of 
Engineering specializing in Surfacetechnology/New 
Materials from the University in 2018. During that 
time, Julia was hands-on with various microanalysis 
instruments, working with various metals and alloys. 
She completed her Master of Science in Geomaterials 
and Geochemistry in 2021. Julia’s master’s degree 
was completed at three different universities, including 
the University of Montpellier (2018 – 2019), Ludwig-
Maximilians-Universität München (2019 – 2021), and 
the Technical University of Munich (2019 – 2021). Her 
time as a graduate student gave her experience with 
minerals, ceramics, and glass materials.

In her spare time, Julia enjoys hiking in the Alps and 
traveling on her racing bicycle to different cities. She 
likes to cook using recipes from all around the world. 
Julia is always curious and happy to learn about 
new places and cultures. Her other hobbies include 
playing board games and sewing dresses.

Ken Olinik
Ken joined EDAX as a Field Service Engineer in 
September 2019. He covers Ohio, West Virginia, 
Western Pennsylvania, and Eastern Michigan in 
the United States. Ken’s duties include new system 
installations and familiarization training, upgrades, 
and maintenance of energy dispersive spectroscopy 
(EDS) systems on both scanning electron (SEMs) and 
transmission electron microscopes (TEMs) and electron 
backscatter diffraction (EBSD) and wavelength 
dispersive spectrometry (WDS) systems on SEMs.

Before coming to EDAX, Ken worked as an Electronics 
Technician at Lockheed-Martin in Ravenna, OH 
(2019). From 2012 – 2018, he was an Information 
Systems Technician at Oak Grove Technologies in 
Newton Falls, OH. Ken served as an Airfield Systems 
Technician/Installation Spectrum Manager for the 
United States Air Force Civil Service from 2006 – 2012. 
He worked at Honeywell in 2006. 

Ken was enlisted in the United States Air Force from 
1984 – 2005. He received an associate’s degree in 
Electronics Systems Technology from The Community 
College of the Air Force in 1998. Ken completed 
his bachelor’s degree in Information Systems 
Management from Colorado Technical University in 
2010.

Ken and his wife, Linda, have seven children, Scott, 
Amanda, Steve, Juanita, Jordan, Nick, and Emily 
and three grandchildren Ayla, Peyton, and Elliot. 
Ken enjoys being a Papa and spending time with his 
grandkids. He also cares for the family’s horse, pony, 
chickens, and organic garden. Ken like to travel and 
experience new things. His hobbies include going to 
concerts and shows, hiking, boating, and kayaking.


